
 

 

 

 

 

 

Integrated or monofunctional landscapes?  
Agent-based modelling for evaluating the 
socioeconomic implications of land use 

interventions 
 

 

 

 

 

Anca Serban 

Department of Geography 

St Catharine’s College 

University of Cambridge 

 

 

—— 

December 2017 

This dissertation is submitted for the degree of Doctor of Philosophy 



 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

 

Preface 
 

 

The following material from the research conducted for this thesis has been presented:  

 

 

! Chapter 4, 5, 6:  

Serban A., 2016. Socioeconomic implications of land use interventions. Royal 

Geographical Society- Institute of British Geographers Postgraduate Forum Mid-

Term Conference. University of New Castle, UK 

 

! A summary of findings: 

 

Serban A., 2017. Socioeconomic costs of producing food. Student Conference on 

Conservation Science. University of Cambridge, UK.   

 

Serban A., 2017. Predictive methods in environmental conservation. International 

Conference on Conservation Biology, Cartagena, Colombia.  

 

 

Serban A., 2017. Critically assessing the socioeconomic and environmental 

sustainability of land use interventions. International Conference on Conservation 

Biology, Cartagena, Colombia. 

 

 

 

 

 

 

 

 

 



 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5 

 

Declaration 

 

 

This dissertation is the result of my own work and includes nothing which is the outcome of 

work done in collaboration except as declared in the Preface and specified in the text.  

It is not substantially the same as any that I have submitted, or, is being concurrently 

submitted for a degree or diploma or other qualification at the University of Cambridge or any 

other University or similar institution except as declared in the Preface and specified in the 

text. I further state that no substantial part of my dissertation has already been submitted, or, 

is being concurrently submitted for any such degree, diploma or other qualification at the 

University of Cambridge or any other University of similar institution except as declared in 

the Preface and specified in the text.  

This thesis does not exceed the regulation length of 80,000 words, excluding the table of 

contents, photographs, diagrams, figure captions, appendices, bibliography and 

acknowledgements. 

 

 

 

Anca Serban  

2017 

 

 

 

 

 

 



 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 7 

Acknowledgements 

This thesis would have not been possible without the guidance, inspiration, generosity and 
patience of my supervisor Chris Sandbrook. Thank you for trusting in me and giving me the 
confidence to believe in myself. Most of all thank you for your true friendship and tireless 
support. I wish one day I could inspire and mentor other people with the same dedication and 
selflessness you have shown me.  
I am very grateful for four years of academic challenges, getting to explore new places, 
starting a family and meeting inspirational people. I am grateful to Bhaskar Vira and Alison 
Harvey for their encouragement, support and for giving me the chance to help organise an 
interdisciplinary research conference in my first year of research. Thank you to my ‘lovely 
ladies’ from St Catharine’s college that have made that year entertaining, sharing many 
beautiful sunrises while rowing on the Cam (who cares about ‘spoons’!!). I will always 
remember the magical May ball summer’s night, which ended the academic year, spent with a 
special friend, Jacqui. 
In the second and third year of the research, my work would have been more difficult had it 
not been for the support of my research assistants that have helped me collect data while 
creating some memorable fun days: Sasi, Vijay, Shantu, Prasanth, Sathish, Sudakar, 
Chitambaran, Senthil, Vikram and Surya. Thank you to the many Indian institutions for 
kindly sharing information and putting up with many hours of questions and to Keystone 
Foundation members for their guidance, support and allowing me to work from their scenic 
office. Most of all thank you to my Indian family, Mrs Amara, Mr Natrajan and Dino who 
have made my stay in the Nilgiris very special and helped me maintain my sanity through 
some long tiring fieldwork days. I thoroughly enjoyed our walks in the tea estates, the late 
night chats, the amazing food and spending the festival days together. Thank you for your 
kind blessings. My third year has further been blessed by a special life event: my marriage to 
Peter, which I have met years before at the college that become my PhD ‘home’, St 
Catharine’s College. Thank you for the college’s support throughout my PhD. 
I am hugely indebted to Christopher Watts a collaborator on this project who has been 
brilliant in helping me translate my fieldwork data into a functional computer simulation, 
providing tireless support in my final year of research.  
I am also indebted to many generous organisations and institutions that assisted my research 
financially, including: FfWG, UNEP-WCMC, St Catharine’s College, the Philosophical 
Society and most and foremost my colleagues at Squire Law Library and my family.  
Some great friends that shared the ups and downs of hard work and the beauty of day-to-day 
moments that make life special have made this journey more fun. For beautiful moments and 
support, thank you Jo and Judith. Thanks to Jasper, Tom, Eszter, Katy, Kinne and many more 
others from the DAB and Cambridge community.    
For making me call Cambridge home and for the amazing times we have shared together in 
UK and abroad thank you to: Laura (my little sister), Jenny, Maurice, Peter, Hiroe, Charlie, 
Jirka, Shaun, Anja, Jolle, Sophie, Henry and many more.  
My personal welfare has been maintained throughout thanks to my family and old friends 
who have always been next to me. For their love, guidance and tireless support thank you to 
my parents, Jeni and Dorel. Thank you Peter for your patience, for the countless hours of 
proofreading, for putting up with endless PhD ‘crisis’, for your genuine love and kindness and 
for your contagious love for the natural world.  
The dissertation is dedicated to those who have changed my understanding of the natural 
world and to those who I hope to inspire in return on this continuing journey. Ek vinamr 
tareeke se, aap duniya ko hila sakate hain. 

 
 



 8 

 
 



 9 

Table!of#Contents!
Preface ........................................................................................................................................ 3 

Declaration ................................................................................................................................. 5 

Acknowledgements .................................................................................................................... 7 

List Of Figures .......................................................................................................................... 15 

List Of Tables ........................................................................................................................... 19 

List Of Boxes, Diagrams And Equations ................................................................................. 23 

Summary .................................................................................................................................. 25 

Acronyms ................................................................................................................................. 27 

 

PART I:   INTRODUCTION, LITERATURE REVIEW, CASE   

STUDY AND METHODOLOGY 
 

CHAPTER 1.  Integrated or monofunctional landscapes? Unpacking the  

food-biodiversity nexus ............................................................................................. 29 
1.1 Feeding a hungry world .................................................................................................. 29 

1.2 A complicated relationship: agriculture and biodiversity ............................................... 30 

1.3 The land sharing-land sparing framework ...................................................................... 33 

            1.3.1   A brief history of the LS/LS debate based on ecological evidence .............. 35 

            1.3.2   Debates over terminology and scale ............................................................. 38 

1.4 Limitations of the framework and the focus of this research ......................................... 39 

           1.4.1    LS/LS interventions and the importance of including stakeholders in the   

                       elaboration of effective policies .................................................................... 43 

           1.4.2   Why socioeconomic factors can shift the outcomes of the debate ................ 48 

1.5 Objectives and research approach ................................................................................... 49 

 

CHAPTER 2. Study area: the landscape of Nilgiris, Western Ghats, India ........ 53 
2.1 Introduction ..................................................................................................................... 54 

2.2 Land sharing and land sparing in the Indian context ...................................................... 55 

2.3 Overview of the Western Ghats landscape ..................................................................... 57 

          2.3.1    A biodiversity hot spot ................................................................................... 57 

          2.3.2    Western Ghats as a human-modified landscape ............................................ 58 

          2.3.3    Agricultural expansion and forest loss ........................................................... 59 

2.4 The Nilgiris ..................................................................................................................... 60 



 10 

         2.4.1    A short history of the Nilgiris ........................................................................ 64 

         2.4.2    Socioeconomic aspects ................................................................................... 66 

         2.4.3    Communities of the Nilgiris: livelihoods, food security and land use ........... 68 

         2.4.4    Land use change and drivers of change ......................................................... 72 

2.5 Current threats to the environment and Interventions in the landscape ......................... 80 

        2.5.1    Current threats ................................................................................................. 80 

        2.5.2    Synopsis of current interventions in the landscape ......................................... 81 

2.6 Conclusions .................................................................................................................... 88 

 

CHAPTER 3. Methodology: Companion Modelling .............................................. 89 
3.1 Summary of methodology and methods ........................................................................ 89 

3.2 The choice of Companion Modelling methodology ...................................................... 90 

       3.2.1   Definition .......................................................................................................... 92 

       3.2.2   Application ........................................................................................................ 92 

       3.2.3   Relevance to current research ........................................................................... 94 

3.3 Companion Modelling research design .......................................................................... 96 

3.4 ComMod Loop 1 .......................................................................................................... 100 

        3.4.1   In-depth household survey ............................................................................. 100 

        3.4.2   Focus groups and key informant interviews .................................................. 110 

3.5 ComMod Loop 2-RPG ................................................................................................. 111 

        3.5.1   Selection of land use interventions and development of the RPG ................. 111 

        3.5.2    Implementation of the RPG and data analysis .............................................. 113 

3.6 ComMod Loop 3- the ABM ......................................................................................... 115 

       3.6.1    Agent-based land use modelling .................................................................... 115 

       3.6.2    Strengths of an Agent-Based Approach ......................................................... 116 

       3.6.3    Limitations of Agent-Based Modelling .......................................................... 117 

       3.6.4    Modelling approach ........................................................................................ 118 

       3.6.5   The role of the researcher in the modelling process ........................................ 118 

       3.6.6   Dealing with power relations .......................................................................... 119 

3.7 Conclusions .................................................................................................................. 120 

 

PART II:   SOCIOECONOMIC AND ENVIRONMENTAL  

                        PROFILE OF THE STUDY AREA 
 

CHAPTER 4. Socioeconomic and land use profile of the study area .................. 123 
4.1 Introduction .................................................................................................................. 123 



 11 

4.2 Data source and methods .............................................................................................. 123 

4.3 Results and discussion of the socioeconomic and environmental characteristics of the study area

 126 

       4.3.1    General outcomes ............................................................................................ 126 

       4.3.2    In and out migration ........................................................................................ 127 

       4.3.3    Social profile of the household ....................................................................... 128 

       4.3.4    Economic profile and landownership ............................................................. 134 

       4.3.5    Land use profile .............................................................................................. 139 

       4.3.6    Farm practices and farm spending and returns ............................................... 142 

       4.3.7   What if scenarios-future land use policies ....................................................... 145 

4.4 Conclusions ................................................................................................................... 151 

 

CHAPTER 5. Food security dynamics and determinants of food security ........ 153 
5.1 Introduction ................................................................................................................... 153 

5.2 Data and methodology .................................................................................................. 154 

       5.2.1    Measuring food security .................................................................................. 154 

       5.2.2    Analysis of food security determinants- Mixed Effects Models ..................... 162 

5.3 Changes in food security at landscape level ................................................................. 163 

        5.3.1    Food security at landscape level based on focus group results ...................... 163 

        5.3.2    Understanding food security at landscape level ............................................. 165 

5.4 Food security at household level based on in-depth household survey results ............ 166 

        5.4.1    General findings ............................................................................................. 166 

        5.4.2    Mixed Effects Models-Determinants of food security ................................... 167 

5.5 Understanding food security at household level ........................................................... 174 

        5.5.1    General findings ............................................................................................. 174 

        5.5.2    Determinants of food security ........................................................................ 174 

5.6 Conclusions ................................................................................................................... 177 

 

PART III:   LAND USE POLICIES SELECTION AND TESTING 
 

CHAPTER 6. The elaboration of land use strategies grounded in local realities and ex 

ante assessment using a RPG .................................................................................. 181 
6.1 Introduction ................................................................................................................... 181 

6.2 Data and Methods ......................................................................................................... 182 

        6.2.1    Selection of land use interventions and development of the RPG ................. 182 

        6.2.2    Implementation of the RPG ........................................................................... 185 



 12 

6.3 Results .......................................................................................................................... 187 

       6.3.1    Selection of land use interventions and development of the RPG ................. 187 

       6.3.2    Role-playing game results .............................................................................. 205 

6.4 Discussion .................................................................................................................... 216 

       6.4.1    Plausible LS/LS mechanisms identified by the stakeholders ......................... 216 

       6.4.2    Characteristics of land use policy adoption and decision-making processes on  

                   the farm .......................................................................................................... 220 

6.5 Limitations ................................................................................................................... 224 

6.6 Conclusions .................................................................................................................. 225 

 

PART IV:   AGENT-BASED SIMULATION DEVELOPMENT   

                                             AND OUTCOMES 
 

CHAPTER 7. The devlopment of an ABM for evaluating the socioeconomic and 

environmental implications of land use interventions .......................................... 229 
7.1 Introduction .................................................................................................................. 229 

7.2 Conceptual framework: integrating theories of decision-making into ABM ............... 231 

7.3 Data and Methodology ................................................................................................. 232 

7.4 Phase 1. Overview, Design Concepts and Details ....................................................... 234 

       7.4.1    Purpose ........................................................................................................... 234 

       7.4.2    Entities, state variables and scales .................................................................. 235 

       7.4.3    Process overview and scheduling ................................................................... 239 

       7.4.4    Design concepts .............................................................................................. 245 

       7.4.5    Initialization ................................................................................................... 250 

7.5 Phase 2. Experimental design ...................................................................................... 254 

7.6 Phase 3. Validation and Verification ........................................................................... 255 

       7.6.1    Conceptual model validation .......................................................................... 255 

7.7 Discussion .................................................................................................................... 256 

       7.7.1    So what? Linking model assumptions back to reality .................................... 256 

       7.7.2    Comparison of decision-making processes with other recent simulators ...... 259 

 

CHAPTER 8. EVALUATING THE UPTAKE OF LAND USE INTERVENTIONS 
USING PLUSES ....................................................................................................... 267 
8.1 Introduction .................................................................................................................. 267 

8.2 Data and Methodology ................................................................................................. 267 

8.3 Results of scheme uptake and sensitivity testing ......................................................... 270 



 13 

       8.3.1    General outcomes ............................................................................................ 270 

       8.3.2    Social acceptability (scheme uptake) .............................................................. 271 

8.4 Discussion ..................................................................................................................... 281 

       8.4.1    General outcomes ............................................................................................ 281 

       8.4.2    Scheme adoption and farmers’ motivations .................................................... 281 

8.5 Conclusion .................................................................................................................... 287 

 

CHAPTER 9. Evaluating the environmental and socioeconomic implications of land use 
interventions using PLUSES ................................................................................... 289 
9.1 Introduction ................................................................................................................... 289 

9.2 Data and Methodology .................................................................................................. 290 

9.3 Land use and land cover change results and interpretation .......................................... 293 

       9.3.1    Land use and land cover change results .......................................................... 293 

       9.3.2    Land use and land cover change discussion .................................................... 298 

9.4 Biodiversity conservation outcomes and interpretation ................................................ 300 

       9.4.1    Biodiversity conservation results .................................................................... 300 

       9.4.2    Biodiversity conservation discussion .............................................................. 312 

9.5 Production outcomes ..................................................................................................... 315 

       9.5.1    Production results ............................................................................................ 315 

       9.5.2    Production discussion ..................................................................................... 318 

9.6 Economic outcomes and discussion ............................................................................. 319 

       9.6.1    Economic changes ........................................................................................... 319 

       9.6.2    Economic outcomes discussion ...................................................................... 323 

9.7 Food security outcomes ................................................................................................ 325 

       9.7.1    Food security results ....................................................................................... 325 

       9.7.2    Food security discussion ................................................................................. 327 

9.8 Conclusion .................................................................................................................... 330 

 

PART V:   CONCLUSIONS 

 
CHAPTER 10. Understanding the relevance of the land sharing-land sparing 

framework to real life .............................................................................................. 331 
10.1 Key findings of the thesis ............................................................................................. 333 

        10.1.1    Feasible LS/LS interventions in the tropics that meet diverse interests of  

                      stakeholders .................................................................................................. 333 



 14 

        10.1.2    Heterogeneous motivations affecting the social acceptability of land use  

                      interventions and ex ante assessment of their adoption in the landscape .... 335 

        10.1.3    The comparative merits and benefits of adopting LS/LS interventions by  

                      direct land users ........................................................................................... 336 

10.2 Implications for framework design and implementation - the policy perspective ....... 339 

        10.2.1    From science to policy. A missing link. ...................................................... 340 

        10.2.2    Stakeholders’ engagement, a valuable resource .......................................... 341 

        10.2.3    From feasible interventions to actual adoption ........................................... 342 

10.3 Research contributions of the thesis and limitations .................................................... 343 

10.4 Future direction ............................................................................................................ 345 

 
References ............................................................................................................................. 349 

Appendix ............................................................................................................................... 383 

Appendix 3.1 Household survey ........................................................................................... 383 

Appendix 3.2 Ethical assessment and local collaborator ....................................................... 396 

Appendix 3.3 Decision tree for GLMM fitting and inference ............................................... 399 

Appendix 3.4 Role-playing game documents ........................................................................ 400 

Appendix 5.1 Frequency of food consumption by food group prior and post 1990 ............. 404 

Appendix 6.1 Players’ RPG profile ....................................................................................... 405 

Appendix 6.2 Examples of crop yields, cost per unit of production and RPG market prices 406 

Appendix 7.1 PLUSES Overview, Design Concepts and Details ......................................... 407 

Appendix 7.2 PLUSES Validation and Verification ............................................................. 415 



 15 

List%of%Figures!
 

Figure 1.1 LS/LS model applied to tropical and temperate ecosystems ..................... 33 

Figure 1.2 LS/LS articles published over time ............................................................ 34 

Figure 1.3 Potential mechanisms for linking yield growth to land sparing ................. 44 

Figure 2.1 The Western Ghats landscape .................................................................... 57 

Figure 2.2 The distribution of commodity crops and natural forests .......................... 60 

Figure 2.3 Map showing the study area, the Nilgiris district. ..................................... 61 

Figure 2.4 Map showing Nilgiris Biosphere Reserve .................................................. 63 

Figure 2.5 Photos showing typical tea and vegetable fields in the Nilgiris district .... 67 

Figure 2.6 Spatial forest cover change of Nilgiris Biosphere Reserve: 1920–2012 .... 74 

Figure 2.7 Vegetation types and LULC of Nilgiri Biosphere Reserve in 2012 .......... 76 

Figure 2.8 Land use and land cover in the Nilgiris, year 2009 .................................... 77 

Figure 2.9 Land use and land cover in the Nilgiris, year 2010 .................................... 77 

Figure 3.1 The number of annual ComMod publications since first publication ........ 93 

Figure 3.2 The number of ComMod studies published by subject area since 2003 .... 93 

Figure 3.3 The ComMod process utilised in this study with three iterations .............. 97 

Figure 3.4 Map of Kotagiri Taluk with the selected study sites ................................ 108 

Figure 4.1 The number of individuals in each caste by gender. ................................ 129 

Figure 4.2 The percentage of individuals from each caste by years in education. .... 131 

Figure 4.3 The number of individuals by category of occupation ............................. 132 

Figure 4.4 The proportion in each occupation of the caste groups ............................ 133 

Figure 4.5 The annual per capita income of respondents by caste group .................. 135 

Figure 4.6 The proportion of households by annual income and by caste ................ 136 

Figure 4.7 The proportion of households by caste and by land sizes ........................ 138 

Figure 4.8 The proportion of Badaga and STs households by type of land tenure ... 139 

Figure 4.9 Policies available in the landscape declared in the household survey ..... 147 

Figure 5.1 Number of times households reported food shortage by month .............. 167 

Figure 5.2 Food monthly budget by landholding size ............................................... 171 

Figure 5.3 Food monthly budget by education level ................................................. 172 

Figure 5.4 Food monthly budget allocated per capita by family size ........................ 172 

Figure 6.1 Map of stakeholders’ power and impact on land use and management. .. 188 



 16 

Figure 6.2 RPG participatory modelling phases and stakeholders' engagement ....... 189 

Figure 6.3 RPG Conceptual model diagram. ............................................................. 190 

Figure 6.4 The proportion of farmers interested to join LS/LS schemes by minimum 

compensation levels ........................................................................................... 196 

Figure 6.5 Representation of the RPG board ............................................................. 199 

Figure 6.6 RPG game sequence and spatial organisation of the workshop venue ..... 203 

Figure 6.7 Chart showing the frequency of enrolment by number of schemes ......... 206 

Figure 6.8 Chart showing frequency of enrollment by scheme type ......................... 206 

Figure 6.9 Chart showing total area enrolled under each scheme ............................. 207 

Figure 6.10 Changes in total area enrolled in each LS/LS scheme over 5 years ....... 208 

Figure 6.11 The evolution over time of land area under different land uses ............. 208 

Figure 6.12 The total number of trees planted under each intervention .................... 210 

Figure 6.13 The percentage of landholdings that benefited from an increase or  

decrease in production as a result of scheme enrollment ........................................... 211 

Figure 6.14 Charts showing the livelihoods strategies adopted to overcome financial  

shortages before and after the schemes were introduced ........................................... 213 

Figure 7.1 Agent-Based Model household agent profile ........................................... 237 

Figure 7.2 NetLogo representation of the LULC map of the study area. .................. 238 

Figure 7.3 Agent-Based Model process overview and scheduling ............................ 239 

Figure 7.4 Estimated Cobb-Douglas function for tea yield. ...................................... 242 

Figure 7.5 Histogram of tea production function residuals ....................................... 243 

Figure 7.6 Estimated Cobb-Douglas function for vegetable yield. ............................ 243 

Figure 7.7 Histogram of agricultural production function residuals .......................... 244 

Figure 7.8 PLUSES decision-making flow diagram .................................................. 246 

Figure 7.9 PLUSES scheme enrolment decision-making flow diagram ................... 247 

Figure 7.10 Example of optimum number of simulation replications ....................... 255 

Figure 8.1 Total number of households enrolled in LS/LS predicted by the model. . 272 

Figure 8.2 The number of households that enrol in the interventions or refuse to adopt 

interventions  at different levels of Social Influence Threshold ........................ 274 

Figure 8.3 The number of households that enrol in schemes for different levels 

 of financial incentive ................................................................................................. 275 

Figure 8.4 The percentage of households enrolling at different financial incentive  

level for two alternative land uses .............................................................................. 276 



 17 

Figure 8.5 The total number of patches enrolled in LS/LS interventions predicted 

by the model. ............................................................................................................. 277 

Figure 8.6 The percentage of households enrolled in LS/LS interventions by 

landholding size ......................................................................................................... 277 

Figure 8.7 The percentage of households enrolled in LS/LS interventions by income  

per person .................................................................................................................. 279 

Figure 8.8 The number of patches enrolled under each LS/LS intervention or  

converted to forest by the agency .............................................................................. 279 

Figure 8.9 Land owners reason for enrolling in each of the three schemes .............. 280 

Figure 9.1 The change in the number of patches in the landscape per LULC type .. 294 

Figure 9.2 Land use use map showing Milidhen village at the models' initialization 

and conclusion. .......................................................................................................... 296 

Figure 9.3  The number of households by landholding type ..................................... 297 

Figure 9.4 The total number of native trees cultivated by landholdings, as predicted  

by the model. ............................................................................................................. 301 

Figure 9.5 Total number of patches bought by the Agency into conservation,  

as predicted by the model. ......................................................................................... 303 

Figure 9.6 The number of trees by age predicted by the model ................................ 304 

Figure 9.7 Connectivity of the land set aside for conservation ................................. 308 

Figure 9.8 Total number of components and the mean component size ................... 309 

Figure 9.9 Land use maps showing the spatial distribution of patches enrolled  

under LS/LS schemes covering the areas of three Badga villages.. .......................... 311 

Figure 9.10 Median income at the end of 30 years of simulation. ............................ 320 

Figure 9.11 Predicted Income inequality, measured by the Gini coefficient ............ 321 

Figure 9.12 Average value of food retained for households' own consumption  

from their farm as predicted by the model ................................................................ 326 

 
 
 
 
 
 
 
 
 
 
 



 18 

 
 
 
 



 19 

List%of%Tables!
 

Table 1.1 Studies that have proposed changes to the current LS/LS framework. ....... 42 

Table 2.1 Comparison of decadal population growth rates in Tamil Nadu ................. 66 

Table 2.2 Crops grown in the Nilgiris by total area and percentage of total  

cropland for the year 2011-2012 ................................................................................. 67 

Table 2.3 Comparison of the different types of vegetation in the Nilgiris  

Biosphere Reserve between the years 1849 and 1992 ................................................. 73 

Table 2.4 Land use and land cover in year 1973 and 2009 in the Nilgiris district ...... 78 

Table 2.5 Current threats to the environment in Western Ghats and NBR ................. 80 

Table 3.1 The data collected, method of collection and analysis, and the community 

examined for each research question ........................................................................... 99 

Table 3.2 Systematic errors of data collection and ways to avoid/minimise them. .. 103 

Table 3.3 The community and villages selected for the survey, the strategy of  

village selection and the total number of households surveyed in each village ........ 106 

Table 3.4 Data collection methods used in the selection of interventions and the  

development of the RPG ............................................................................................ 112 

Table 3.5 Examples of agent-based land use models ................................................ 116 

Table 3.6 Challenges in agent-based modelling ........................................................ 118 

Table 4.1 Metrics selected to characterize the landscape of Nilgiris, its community  

and motivations to enrol in LS/LS interventions ....................................................... 125 

Table 4.2 Proportion of households classified by their main source of income ........ 134 

Table 4.3 Percentage of households that own different land use types ..................... 140 

Table 4.4 Number of crops grown by agricultural landowners in one year .............. 140 

Table 4.5 The number and proportions of households undertaking different  

types of land conversions .......................................................................................... 140 

Table 4.6 The number and proportion of households by tea plant density ............... 142 

Table 4.7 The number and proportion of households by density of intercropped  

wood category ............................................................................................................ 142 

Table 4.8 Comparison between the cost-benefit ratios, production costs and yields  

of the four main crops grown in the study area. ........................................................ 144 

 



 20 

Table 4.9 The frequency with which farmers associate different benefits with  

the introduction of land use interventions .................................................................. 148 

Table 5.1 Changes made to the FCS data collection methodology and calculation .. 158 

Table 5.2 Measures of the four pillars of food security at landscape level ................ 159 

Table 5.3  Fixed and random effects used for assessing food security ...................... 161 

Table 5.4 Summary of results at landscape level by food security pillars ................. 164 

Table 5.5 Generalised Mixed Effects Model of fixed effects variables and two  

random effects explaining food shortage ................................................................... 168 

Table 5.6 Linear Model of socioeconomic variables explaining the budget allocated  

monthly to food by households. ................................................................................. 170 

Table 5.7 Generalised Mixed Effects Model of fixed effects variables and one  

random effect explaining Food Consumption Score .................................................. 173 

Table 5.8 Summary of the determinants of food security by three of its pillars ........ 175 

Table 6.1 Data collection methods used in the selection of interventions and the  

development of the RPG ............................................................................................ 183 

Table 6.2 Data collection methods used in analysing the RPG results ...................... 186 

Table 6.3 Selection of proposed policy tools by the WG and their reasons for and  

against the policies ..................................................................................................... 191 

Table 6.4 Selected economic incentives schemes ...................................................... 193 

Table 6.5 Terms and conditions of scheme enrolment used in the RPG ................... 197 

Table 6.6 Data used in constructing the household profile of the RPG players ........ 200 

Table 6.7 LULC at the beginning and at the end of the RPG .................................... 209 

Table 7.1 Data, methodology and methods used in developing PLUSES ................. 233 

Table 7.2 PLUSES ODD +D protocol ....................................................................... 234 

Table 7.3 Terms and conditions of scheme enrolment used in the ABM .................. 240 

Table 7.4 Baseline settings and assumptions of PLUSES ......................................... 251 

Table 7.5 Description of decision-making agent-based simulators in agricultural  

systems selected for comparison with PLUSES ........................................................ 260 

Table 8.1 Data type and ABM output metrics ........................................................... 268 

Table 8.2 The nine scenarios tested using PLUSES simulator .................................. 268 

Table 8.3 Table showing which indicator variables, and their values, were assessed  

for key output metrics during sensitivity testing. ....................................................... 270 

 



 21 

Table 8.4 One-way ANOVA and Tukey’s HSD post hoc results of the total number  

of households enrolled in LS/LS interventions under different scenarios ................. 273 

Table 8.5 One-way ANOVA and Tukey post hoc results of the total number of  

patches enrolled in LS/LS interventions under different scenarios. .......................... 278 

Table 9.1 Data type and ABM output metric. ........................................................... 290 

Table 9.2 The nine scenarios tested using PLUSES simulator .................................. 291 

Table 9.3 Table showing which indicator variables, and their values, were assessed  

for key output metrics during sensitivity testing ....................................................... 292 

Table 9.4 The percentage of the landscape covered by different land use and land  

cover types at the beginning and end of the simulation ............................................ 293 

Table 9.5 One-way ANOVA and Tukey’s HSD post hoc results of the number of 

landholdings pre and post simulation, by land use type, under nine scenarios.. 298 

Table 9.6 One-way ANOVA and Tukey’s HSD post hoc results of total number  

of native tress cultivated under different simulation scenarios ................................. 302 

Table 9.7 One-way ANOVA and Tukey’s HSD post hoc results of the total number  

of tress, by age group, under different simulation scenarios. .................................... 305 

Table 9.8 One-way ANOVA and Tukey’s HSD post hoc results of the number of  

components and the size of the largest component under different scenarios ........... 310 

Table 9.9 One-way ANOVA and Tukey’s HSD post hoc results of the number of 

landholdings in low and high farm-spending groups under different scenarios 316 

Table 9.10 One-way ANOVA and Tukey’s HSD post hoc results of total tea  

production under different simulation scenarios.. ..................................................... 318 

Table 9.11 One-way ANOVA and Tukey’s HSD post hoc results of the median  

income under different secnarios ............................................................................... 320 

Table 9.12  One-way ANOVA and Tukey’s HSD post hoc results of Gini coefficient  

under different secnarios ........................................................................................... 322 

Table 9.13 One-way ANOVA and Tukey’s HSD post hoc results of remaining  

households below poverty line under different secnarios ......................................... 323 

Table 10.1 A summary of the impact of the three interventions on the study's key  

metrics when they are tested separately and all together ........................................... 337 

 
 
 
 
 



 22 

 
 



 23 

List%of%Boxes,"Diagrams!and!Equations!
 

Box 3.1 Agent-based model origins, definition and application ................................. 95 

Box 3.2 ComMod phases ............................................................................................. 96 

Box 4.1 Poverty line threshold calculation in India .................................................. 126 

Box 5.1 Calculation of food consumption score ....................................................... 157 

 
Diagram 1 Structure of the thesis ................................................................................ 51!
Diagram 2.2 Socio-ecological timeline of the Nilgiris between 1920 and 2014 ......... 64!

 
Equation 7.1 Cobb-Douglass production function for tea and vegetables. ............... 241 

Equation 7.2 Balance function ................................................................................... 411 

Equation 7.3 Price of land function ........................................................................... 413 

Equation 7.4 Price of timber function ....................................................................... 413 

 
 



 24 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 25 

Summary 

The effectiveness of land sharing and land sparing (LS/LS) approaches to conservation in the 
face of rising agricultural demands has been widely debated. While numerous studies have 
investigated the LS/LS framework from an ecological lens (yield-biodiversity relationship) 
the relevance of the framework to real life depends on broader considerations. Some of the 
key caveats include: i) limited knowledge regarding the feasibility of interventions given 
diverse stakeholders’ interests, ii) the social acceptability (uptake) of these contrasting 
strategies to direct land users, and iii) limited knowledge regarding their impacts on 
individuals’ livelihoods and food security. Without considering these social science 
dimensions proponents of the framework risk an incomplete picture that is not grounded in 
local realities and can paradoxically force into opposition the very conservation and 
development interests they seek to reconcile. Using a Companion Modelling approach, which 
comprises the development of a role-playing game (RPG) and an agent-based model (ABM), 
this thesis addressed these caveats. The research was based in the Nilgiris of Western Ghats 
India, a tropical agricultural system at the forest frontier.  
The main findings show that through engaging local stakeholders in a participatory process, 
plausible land use strategies that align with their objectives could be identified. Stakeholders 
proposed three land use interventions. Two of them resemble a form of land sparing 
(‘monofunctional’ landscapes) on the farms: sparing land for Wildflower Meadows or Tree 
Plantations while increasing yield on the remaining land. The third intervention asks farmers 
to accept yield penalties for Intercropping more trees on their farms, a form of land sharing 
(‘integrated’ landscapes).  
In terms of decision-making regarding the adoption of these three interventions by direct land 
users, the study reveals several findings. Firstly there are three main types of motivations that 
influence farmers’ decision to adopt interventions, in order of importance: monetary benefits, 
pro-environmental motivations and social norms. Secondly, land use, the type of management 
preferred on the farm and whether land users accept trees on the farm or not are factors that 
influence what type of interventions is socially acceptable on individual farms. These factors 
have been detected in the in-depth household survey and also validated by the RPG. When 
assessing the adoption of the three interventions, ex ante their implementation, using an 
ABM, there are some important differences observed between the interventions. Wildflower 
Meadows is the intervention adopted by the largest number of households, whereas 
Intercropping is adopted across the largest area of land. Forest Plantations is significantly 
more unpopular then the other two interventions.  
The third line of investigation, about the outcomes of adoption, has important policy 
implications. Adding a socioeconomic dimension to the ecological one adds a level of 
complexity and creates a less straightforward choice between the LS/LS strategies. None of 
the three interventions can provide optimal outcomes for production, aspects of biodiversity 
conservation, livelihoods and food security. Each intervention has indicators that score better 
compared to the other two interventions.  
The findings demonstrate that the ecological focus of the LS/LS framework is insufficient to 
deal with real world complexities and lends itself to overly simplistic policy prescriptions. 
More meaningful policies could be achieved when bridging natural and social sciences to 
better understand the merits and limitations of the LS/LS approaches.  
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PART I 
 

Chapter 1 
 

Integrated or monofunctional landscapes? 
Unpacking the food-biodiversity nexus 

1 "

1.1 Feeding a hungry world   
The global human population is projected to reach 9.8 billion by 2050 (UN, 2017) and already 

795 million people are estimated to be chronically hungry (FAO et al., 2015). In absolute 

terms, the highest burden of hunger is experienced in Southern Asia, followed by Sub-

Saharan Africa. Most areas of the world have seen improvements, but regions such as Central 

Africa and Western Asia are moving away from the hunger targets, with a higher proportion 

of undernourished in the population now than in 1990–92 (FAO et al., 2015). While it has 

been argued that there is sufficient food globally for everyone to lead healthy and active lives 

(Alexandratos, 1999, Alexandratos, 2009), widespread inequality means the current world’s 

food system is not adequately equipped to ensure equitable distribution for everyone 

(Conway, 2012, FAO et al., 2015).   

Food security is described by the FAO (1996) as ‘when everyone has physical and economic 

access to sufficient, safe and nutritious food’ (FAO, 1996). Although this definition has been 

contested it still remains the most commonly used (Jones et al., 2013). Achieving global food 

security, within the context of a burgeoning global population requires ‘major 

transformations’ of the planet's food systems on multiple fronts (FAO, 2017a). Some of the 

key leverage points include: reducing inequality and poverty, addressing climate change, 

promoting dietary shifts, more efficient use of fertilisers and water, closing yield gaps, 

reducing food waste (particularly in developed countries) and ensuring a sustainable natural 

resource base or targeting food for direct consumption (Fedoroff et al., 2010,  Gustavsson et 

al., 2011, Cordell and White, 2014, West et al., 2014, Alexander et al., 2017, Bennett, 2017, 

FAO, 2017, Fischer et al., 2017a, Myers et al., 2017). For example, estimates indicate that by 

reducing food waste in the United Sates of America, India and China an additional 413 

million people per year could be fed (West et al., 2014).  
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Global food demand is partially driven by changing diets in increasingly wealthy nations, 

largely feeding the wants of the wealthy, not the needs of the poor (Tilman et al., 2011, 

Fischer et al., 2017a). As a result, growing demand for food is often taken as unalterable. 

Whilst changing existing production and consumption norms can reduce global food 

insecurity, meeting the dietary needs of everybody is unlikely without an increase in food 

production. Models indicate a need to increase food production by between 60 and 110% by 

2050, largely in developing countries (Tilman et al., 2011, Valin et al., 2014, FAO, 2017a).  

 

Of the estimated population that is not able to meet basic dietary needs approximately 80% 

live in rural areas and about half are smallholder farmers, commonly farming two hectares of 

land or less (FAO et al., 2015). These smallholders are currently the backbone of food 

production in the developing world. Managing approximately 500 million small farms they 

provide over 80% of the food consumed in large parts of the developing world, particularly 

Southern Asia and sub-Saharan Africa (IFAD-UNEP, 2013, Tscharntke et al., 2012, Graeub 

et al., 2016). There are multiple barriers that prevent these farms from achieving increases in 

production, including; competing land demands, climate change threats, water scarcity, land 

tenure rights, soil degradation, limited access to credit and capital for investment, unfair 

competition and restricted access to markets, extension services and inputs (Lee and Barrett, 

2001, World Bank, 2008, FAO, 2017a).  

1.2 A complicated relationship: agriculture and biodiversity 
In the past, increases in global food production have resulted from an expansion in the area of 

arable land, a pressure that was partially alleviated with the advancement of technologies that 

allowed for intensification, leading to what came to be known as the Green Revolution 

(WCED, 1987, Borlaug, 2007). Many countries are now seeing a slowing down of farmland 

expansion. In others, yet to undergo an agricultural revolution, such as many African states, 

the conversion of natural habitat to agriculture is expected to continue (Pretty, 2008, Fedoroff 

et al., 2010, McLaughlin, 2011, Hertel et al., 2014). Impacts on biodiversity have been most 

noticeable in the tropics where over 55% of the land opened for agriculture between 1980 and 

2000 came at the expanse of intact, tropical forests (Geist and Lambin, 2002, Gibbs et al., 

2010). Such forests only cover approximately 5% of the global land surface yet they contain 

over 50% of the world’s biodiversity. Tropical forests also represent a vital food security and 

livelihoods resource to many people (Wilkie et al., 2011, Vira et al., 2015, FAO et al., 2016). 
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Increasing productivity can in theory relieve the pressure on land requirements, however 

short-term improvements in productivity can create different forms of ecological stress, with 

extensive evidence linking conventional intensification with biodiversity loss (Foster et al., 

1999, Lambin and Meyfroidt, 2011, Adams, 2012, Ceddia et al., 2014, Venter et al., 2016). 

Thus, achieving ‘win-win’ policy solutions is challenging given the multifaceted relationship 

between biodiversity and agriculture (Dudley and Alexander, 2017).  

Biodiversity maintains global level ecological services in addition to a number of much more 

localized services of specific relevance to agricultural production, including: the operation of 

hydrological cycles, the recycling of nutrients, the conservation and regeneration of soils, and 

the pollination of crops (MEA, 2005, Turner et al., 2007). These ecosystem services influence 

the productivity of an agricultural system and its capacity to maintain production over a range 

of environmental conditions. Such services occur at the on and off farm scale. For example 

watershed protection offers a range of services from surface runoff regulation to erosion 

control and localized climatic effects (Daily, 1997). Biodiversity therefore plays a key 

function in the sustainability of agriculture through its role in maintaining the provision of 

vital services (Perrings et al., 2006, Glamann et al., 2017). It has also been argued that food is 

biodiversity, so biodiversity comes through both as a final good and as a supporting service, 

thus often creating confusion as to how biodiversity and ecosystem services fit together 

(Mace et al., 2012).   

Whilst of substantial importance, biodiversity is often undervalued (MEA, 2005), a factor 

which drives its rapid loss (Daily et al., 2009, Dudley and Alexander, 2017). The global 

Living Planet Index, a measure of the state of the world’s biological diversity based on the 

population trends of terrestrial, freshwater and marine vertebrate species, declined by almost 

30 per cent between 1970 and 2008 (WWF, 2012). The global tropical index, a measure of 

biodiversity in the tropics, declined by 60 per cent during the same period, with agriculture 

playing a major role in this outcome (WWF, 2012, Laurance et al., 2014). 

 

There are many ways in which agriculture impacts biodiversity. The conversion of land to 

agriculture can fragment or isolate habitats, changing connectivity patterns (Fischer and 

Lindenmayer, 2007, Dudley and Alexander, 2017). Many rare, endemic, or specialized 

species, especially those that require large expanses of wild habitats to survive, cannot persist 

in such fragmented landscapes and subsequent trophic cascades and other ecosystem-wide 

effects can lead to rapid species loss (Price et al., 1999, Gibson et al., 2013). For other 
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species, agricultural systems can represent suitable habitat and high-quality agroecosystems 

have been shown to be important for the movement of forest organisms among patches of 

natural vegetation (Ricketts, 2004, Perfecto and Vandermeer, 2008, Franklin and 

Lindenmayer, 2009, Mendenhall et al., 2014).  

Agriculture can also be the source of changes to hydrological and biogeochemical cycles 

leading to nutrient runoff, sedimentation of waterways and/or soil leaching causing changes in 

species compositions in more distant locations (Tilman et al., 2001, Power, 2010). At a more 

localized level, facilitating an optimum growing environment for a single target crop often 

requires altering in situ biodiversity such as simplifying ecosystems by reducing competition 

with other species or substituting the roles of functional biodiversity and natural system 

dynamics with chemical and mechanical inputs (Jackson et al., 2005, Omer et al., 2007). The 

alteration of ecological systems may result in a cascade of extinctions and co-extinctions 

along the trophic chain (Cowlishaw, 1999).  

The impacts of agriculture can feed back to have negative impacts on agricultural systems 

themselves (MEA, 2005, Norris, 2008, Chaudhary et al., 2015, Chaudhary et al., 2016). The 

‘optimization’ of agriculture has been shown to cause declines in crop genetic diversity, the 

number of natural pest predators and soil biota with associated negative impacts on soil 

fertility, pollination, and the resilience of production (Perrings et al., 2006, Chiron et al., 

2014, Dudley and Alexander, 2017).   

 

The complexity of the interdependencies between biodiversity and agriculture remains poorly 

understood. On-going ambiguity often leads to divisive, sometimes antagonistic research and 

policy stances (Jackson et al., 2005, Mace et al., 2012, Mertz and Mertens, 2017). A lot of this 

controversy is about how best to reconcile trade-offs between agriculture and biodiversity 

conservation. The land sharing-land sparing (LS/LS) framework is one of the most 

contentious examples within the current literature. It has attracted a lot of attention and 

engaged researchers in a heated debate that has now unfolded over more than a decade 

without leading to a clear conservation consensus. 

 

 

 



 33 

1.3 The land sharing-land sparing framework 
Green et al. (2005) introduced a debate on the advantages and disadvantages, for 

conservation, of wildlife-friendly farming in relation to a land sparing strategy. This was soon 

reframed as ‘land sparing versus land sharing’, or the LS/LS framework. The debate looks at 

whether high yield agriculture on a small land foot print (land sparing) or low-yielding, 

wildlife-friendly farming on a larger foot print (land sharing) will promote better outcomes 

for local and global biodiversity. Thus, the central element of the debate concerns how 

biodiversity reacts to increasing agricultural pressure (or yield). If the biodiversity/yield 

response follows a convex negative curve (Figure 1.1.1) it means that the loss of either 

unfarmed or very extensively managed habitats is the most detrimental to biodiversity. In this 

case the preferred strategy is taken to be ‘land sparing’, in which intensive farming in some 

areas is coupled with land ‘spared’ for nature conservation elsewhere.  

In contrast, if the biodiversity/yield response follows a concave curve, meaning that 

biodiversity declines slowly as intensity starts to increase, but becomes severely impacted at 

high-intensity levels, the ‘land sharing’ strategy is taken to be the most efficient (Figure 

1.1.1). The land would be farmed with moderate farming intensity, reconciling both 

agricultural production performance and biodiversity conservation criteria.   

 

 

 
Figure 1.1.1 Land sparing and sharing model applied to tropical and temperate ecosystems adapted from Salles et al. (2017) 
as originally formalized by Green et al. (2005) and further applied by Phalan et al. (2011b)  

Concave(rela+onship:(
Land(sharing(best((

Convex(rela+onship:(
Land(sparing(best((

Agricultural*yield*Agricultural*yield*

Sp
ec
ie
s*d

en
sit
y*

Sp
ec
ie
s*d

en
sit
y*

W(

L(

(W+L)/2(

The colour gradient shows the unexploited land uses (in dark green) all the way to the highest level of agricultural intensity (in 
dark red). For those species whose density increases with land conversion, so-called ‘winners’ (W), sharing is the best 
strategy. For species whose density always decreases when land is converted to agriculture, so-called ‘losers’ (L), sparing is 
the best strategy to ensure sufficient existing habitat. The sum between loser and winner [(W+ L)/2, dotted lines] is not 
constant along the intensity gradient. If the sum is concave then land sharing is the best strategy, if the sum is convex, than 
land sparing is best.  
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The debate around agriculture and biodiversity trade-offs has a long history in the literature 

(see Salles et al., 2017) and the new conceptual framework presented by Green et al. (2005) 

led, initially, to a modest increase in the number of publications (Figure 1.2). This was 

followed by a rapid increase with the publication of the Phalan et al. (2011a) study which 

presented evidence and arguments in favour of land sparing and ignited global debate (Figure 

1.2). 

 
Figure 1.2 Land sharing-land sparing articles published over time. In red is the year when the framework was conceptualized 
by Green et al. (2005) and in yellow the year of Phalan et al. (2011a), one of the most quoted articles of the debate. Source: 
Scopus (keyword search “land sharing” OR “land sparing”, 14th of December 2017) 

Since 2005 empirical studies comparing LS/LS strategies have looked at a variety of response 

variables, including wildlife population density, species abundance and richness at local and 

regional level and species turnover. These studies have been carried out across a range of 

taxonomic groups including birds, insects, trees, plants, primates and big cats, sampled across 

different biomes, continents, spatial scales and farming systems, including those spanning 

thousands of years of cultivation (Ranganathan et al., 2008, Clough et al., 2011, Chandler et 

al., 2013, Gilroy et al., 2014,  Edwards et al., 2014, von Wehrden et al., 2014, Vongvisouk et 

al., 2016, Jiang et al., 2017, Jóhannesdóttir et al., 2017, Rahman et al., 2017, Thaler, 2017). 

The debate has also transitioned from a pure agriculture and biodiversity focus to incorporate 

other land uses including forestry, housing, aquatic ecosystems and seascapes (Edwards et al., 

2014, White and Costello, 2014, Collas et al., 2017, Koning et al., 2017). This thesis refers 

primarily to the original trade-off between terrestrial agriculture and biodiversity 

conservation. The viewpoints presented in the published literature so far have been quite 

divisive and almost entirely based on ecological evidence, meaning the debate lacks social 
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dimensions. Groups have advocated for one strategy over the other, or for the use of both 

strategies (Kremen, 2015). Others have called for the creation of entirely new theoretical 

frameworks (Kremen, 2015, Mertz and Mertens, 2017).  

The next section presents a short history of the evolution of the debate to date (Section 1.3.1) 

and some of the controversies related to the scale and terminology of LS/LS (Section 1.3.2), 

before moving to the limitations of the framework (Section 1.4).  

1.3.1 A"brief"history"of"the"LS/LS"debate"based"on"ecological"evidence""
!

Monofunctional!landscapes0the!case!for!and!against!land!sparing!

In a review of the studies comparing LS/LS, Kremen, (2015) considers measuring individual 

species densities along an intensification gradient to be the best practice for the ecological 

evaluation of the two strategies. Individual species densities are preferable to aggregate 

measures, such as species richness or species diversity, as they can mask underlying patterns, 

particularly for disturbance-sensitive species of greater conservation concern (Phalan et al., 

2011a, Balmford et al., 2015). Studies utilizing this research design (Hodgson et al., 2010, 

Phalan et al., 2011a, Phalan et al., 2011b, Hulme et al., 2013,  Edwards et al., 2014,  Williams 

et al., 2017) have generally concluded that, since the majority of species in the world can’t 

survive in farming systems of even the lowest management intensity, land sparing is the best 

strategy, at least in theory, for conserving the most biodiversity.  

 

To various degrees intensification has been shown to spare conservation land (Ramankutty 

and Rhemtulla, 2012, Stevenson et al., 2013, Hertel et al., 2014). The Borlaug hypothesis 

states that intensified agriculture cuts deforestation as it concentrates production on a limited 

area of land, removing the need to convert additional land to agriculture to achieve the same 

level of production (Waggoner, 1996, Ausubel et al., 2013). It emanates from the proposed 

win-win solutions of the Green Revolution, which is claimed to have spared several hundred 

million hectares of land from agricultural conversion as a result of intensification (Borlaug, 

2007).  

 

Land sparing strategies envision that biodiversity conservation should occur primarily in 

protected areas by spatially segregating conservation and production functions. In the extreme 

vision the world would be separated into ‘monofunctional’ entities – one optimized for 

agricultural production and one for biodiversity conservation (Fischer et al., 2017b). From a 
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conservation point of view, undisturbed areas of habitat are considered to be more effective at 

protecting biodiversity than conserving only elements of nature by integration on farms (Grau 

et al., 2013). Other benefits of protected areas include: extinction prevention, maintaining 

ecological services and protection against human impacts such as land clearing (Terborgh, 

1974,  Bruner et al., 2001, Nagendra,  2008,  Gibson et al., 2013, Cumming, 2016). From an 

aesthetic view, increasing farm yields under land sparing would probably diminish people’s 

enjoyment of farmscapes but may offer greater prospects of experiencing vast and diverse 

natural habitats (Balmford et al., 2015). 

 

Despite evidence that land sparing has value as a tool for conserving biodiversity (Cohn et al., 

2014) studies have also explored the unintended consequences of pursuing this strategy. 

Market forces, land claims and economic development continue to stimulate land expansion 

even in scenarios that promote high productivity agriculture (Angelsen and Kaimowitz, 2001, 

Ewers et al., 2009, Rudel et al., 2009, Lambin and Meyfroidt, 2011, Hertel et al., 2014, Busch 

and Ferretti-Gallon, 2017). It is therefore unlikely that intensification alone can lead to land 

sparing in the future.  

 

These issues have been shown to be particularly prevalent in so-called frontier areas such as 

the Brazilian Amazon, where intensification is associated with forest clearance rather than 

sparing (Barretto et al., 2013). This confirms the Jevon’s paradox or rebound effect by which 

higher yields and associated higher profits increases motivations for further land clearance 

(Chandler et al., 2013, Ceddia et al., 2014). In Peru, it was estimated that high-yielding farms 

require 64% less total land to produce the same amount of product, but they would convert 

58% more old-growth forest than smallholders (Gutiérrez-Vélez et al., 2011). Such trends 

often occur when high-yielding agriculture, particularly of cash crops with rapidly expanding 

global markets such as soy or oil palm, expand into primary forests rather than already cleared 

lands (Grau et al., 2008, Gutiérrez-Vélez et al., 2011, Meyfroidt et al., 2014 Nepstad et al., 

2014). It has been predicted that a prospective Green Revolution in Africa could potentially 

lead to similar outcomes (Hertel et al., 2014). The Global Land Outlook of the UN 

Convention to Combat Desertification has concluded that intensification has failed to solve 

the biodiversity crisis and has often accentuated it further, undermining the sustainability of 

large areas of land (Dudley and Alexander, 2017). Another criticism of the land sparing 

approach is that concentrating efforts to conserve nature in protected areas can result in a 
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series of unwanted outcomes including poor governance and ineffective protection, species 

loss and degradation of natural habitats, isolation of biodiversity, unrepresentative ecosystem 

diversity and conflicts with wildlife (Hannah et al., 2007, Craigie et al., 2010, Stevens, 2014, 

Cumming, 2016, Johansson et al., 2016). 

 

 

Integrated!landscapes0the!case!for!and!against!land!sharing!!

Land sharing is a strategy that encourages wildlife-friendly farming through the promotion of 

crop growth alongside wild species within integrated landscapes (Green et al., 2005). It can 

range from swidden agriculture, to the retention of small patches of semi-natural habitat on-

farm, to agroforestry systems (Kleijn and Sutherland, 2003, Schroth et al., 2004, Scales and 

Marsden, 2008, Scherr and McNeely, 2008, Anand et al., 2010, Karanth et al., 2016). Land 

sharing proposes multi-functional agricultural landscapes or mosaics that include a 

combination of buffer zones, corridors and stepping stones in which agricultural land provides 

resources to species and enables their migration between natural habitats (Perfecto and 

Vandermeer, 2008). It creates opportunity for agricultural systems to benefit from ecological 

processes, by utilising ecosystem services to partially achieve functions otherwise fulfilled by 

chemical inputs, a field known as agro-ecology (Altieri, 1999). By focusing on the specific 

agricultural practices utilized, some researchers consider that practices and systems such as 

agroforestry, conservation biological control and conservation agriculture could outproduce 

conventional systems, or be equally productive or profitable (Clough et al., 2011, Tscharntke 

et al., 2012, Kremen, 2015). The benefits and importance of such systems are found in both 

temperate climates (Paracchini et al., 2008, Johansson et al., 2016) and tropical landscapes 

(Ranganathan et al., 2008, Anand et al., 2010, Ranganathan et al., 2010, Garcia et al., 2010,  

Robbins et al., 2015, Karanth et al., 2016, Cordeiro et al., 2017).  

Agroforestry is of particular importance, given that an estimated 90% of tropical forests exist 

in human-modified landscapes outside of protected areas and about 43% of terrestrial species 

are connected to landscapes that are being or have been used for agricultural purposes (Ferrier 

et al., 2004, Bhagwat et al., 2008, Barthel et al., 2013). Moreover, there is evidence that when 

low-intensity mosaic landscapes are present alongside old-growth forests, they exhibit 

biodiversity as high as purely land sparing strategies (Ranganathan et al., 2008, Rerkasem et 

al., 2009, Berry et al., 2010). If intensification or abandonment of agro-ecological 

management practices occurs in such landscapes it may lead to an increase in invasive species 



 38 

richness (Cordeiro et al., 2017) and cause cascading effects on surrounding biodiversity 

(Clough et al., 2011).  

Land sharing may also be more desirable in developing countries where smallholder farmers 

utilize neither high levels of agro-inputs nor environmentally friendly practices. Examples 

show that wildlife-friendly farming practices can considerably increase yields, in some cases 

up to 200%, without the environmental and economic costs associated with conventional 

monocultures (Altieri, 2002, Chappell and LaValle, 2011).  

Land sharing envisions that biodiversity conservation strategies should extend beyond nature 

reserves (Chappell and LaValle, 2011). This is of particular importance in areas where setting 

aside the amount of land needed to conserve the habitat requirements of even relatively small 

species can be unrealistic (Perfecto and Vandermeer, 2010), or where the positive effects of 

expanding protected areas are counteracted by the negative outcomes of activities such as 

illegal logging and harvesting, encroachment and clearing (Bruner et al., 2001, Cumming, 

2016, Busch and Ferretti-Gallon, 2017). 

Despite evidence of its benefits land sharing has also been criticised. There are two main 

criticisms of the strategy. Firstly, environmental-friendly landscapes often provide a poor 

substitute habitat. This can lead to biotic homogenisation, replacing local endemics and 

sensitive species with generalist or common species (Edwards et al., 2010, Phalan et al., 

2011a). Those species that can occur in the matrix may still require areas of native habitat 

above a given size at one point in their lifecycle to ensure their survival on long term (Homan 

et al., 2004, Savilaakso et al., 2009). Secondly land sharing landscapes often produce lower 

yields and therefore require more land to produce a given amount of food, potentially 

stimulating the conversion of land to agriculture elsewhere to meet demand (Kleijn and 

Sutherland, 2003, Jackson et al., 2007, Phalan et al., 2011a, Tittonell and Giller, 2013).  

 

1.3.2 Debates"over"terminology"and"scale"

It is important to reflect on the ‘sharing’ and ‘sparing’ terminology because it has often been 

used imprecisely or in contradiction, in many cases creating confusion (Fischer et al., 2014). 

For example, the term ‘land sparing’ is often used to imply nature conservation, but land 

sparing is not the same as nature sparing (Kremen, 2015). Nature conservation as a result of 

yield intensification (land-sparing process) may occur under certain circumstances while 
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associated nature sparing commonly requires a form of enactment such as environmental 

policies or formal declaration of protected areas (Matson and Vitousek, 2006, Lambin and 

Meyfroidt, 2011, Ceddia et al., 2014).  

Wildlife-friendly farming also comes with confusing characterizations. For some authors (e.g. 

Phalan et al., 2011b, Williams et al., 2017) the level of wildlife-friendliness is established 

based on yield levels, where low-yielding agriculture is assumed to be more wildlife friendly. 

Other authors (e.g. Donald, 2004, Khan et al., 2011) use the type of farming practices (how 

biodiversity-friendly a practice is) as a proxy. It has been suggested that confusion can be 

dealt with if the LS/LS continuum were defined by the specific combination of agricultural 

practices (which is likely to dictate both the yields and wildlife friendliness), rather than 

yields alone (Kremen, 2015).  

 

Another ambiguous aspect is the scale at which the two strategies are distinguished from one 

another. In the land sparing strategy, areas of natural habitat should be contiguous and 

sufficiently large to support viable populations, e.g. what constitutes enough land spared for a 

beetle may not be enough to provide food and nesting habitats for a bird (Phalan et al., 

2011b). Therefore, grassy strips, hedges and forest patches could be considered as land 

sparing at a field or farm scale, but at landscape scale they resemble land sharing. For the 

conservation of most farmland species, such as birds or pollinators, the landscape level, 

another loose concept, is considered to be the relevant scale (Phalan et al., 2011b). In an effort 

to reduce ambiguity Balmford et al. (2015) proposed for the ‘landscape’ to be defined by the 

scale at which major land-use decisions are made, typically that of landholdings through to 

regions.  

Nevertheless, scale becomes a plastic concept if we look from a different angle. Land spared 

as a result of intensification could result in nature being spared at any scale or configuration, 

including small, dispersed fragments, thus creating landscapes that would typically be 

identified with land sharing (Edwards et al., 2010, Hodgson et al., 2010, Chandler et al., 

2013). These debates remain unresolved and important areas of contestation.  

 

1.4 Limitations of the framework and the focus of this research 
The LS/LS debate is essentially a new way to deal with an old issue, the relationship between 

biodiversity conservation and agriculture. Is it more effective to focus conservation efforts on 

biodiverse-rich areas, or to concentrate on preserving ecological systems and dynamics 
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ubiquitously? Similarly to how the notion of ecosystem services provided a new framework 

for thinking about the reliance of human societies on ecological processes and ecosystem 

functions, the LS/LS debate has generated a space for the examination of future potential 

trade-offs and synergies between agricultural and conservation policies (Salles et al., 2017). 

Yet, in doing so, the biodiversity/yield curves (though insightful from an ecological 

standpoint) offer no insights into the socioeconomic facets and context specific factors that 

are important for developing effective interventions (Fischer et al., 2014, Bennett, 2017).  

 

A failure to take a more interdisciplinary approach to evaluating the relative merits of LS/LS 

has many implications. Additional factors that have been identified as influencing the choice 

between the two strategies are numerous and include: land-use patterns (Henderson et al., 

2012), interactions between land-uses and species (Butsic et al., 2012, Mendenhall et al., 

2014), inclusion of uncertainty (Johnson et al., 2012), and spatial and temporal heterogeneity 

(Piha et al., 2007, Mahood et al., 2012, Maskell et al., 2013, von Wehrden et al., 2014, 

Macchi et al., 2016). For example, in a review of literature von Wehrden et al. (2014) found 

that studies spanning the historical agricultural areas of Europe, Asia and the Americas have 

shown that agricultural landscapes established centuries ago continue to influence current 

land use schemes, species diversity and local species pools, ultimately influencing the choice 

between what constitutes the appropriate land management locally (Wehrden et al., 2014). 

 

Whether land sharing or land sparing is more desirable will also be affected by market factors 

like labour wages, input and commodity prices, remoteness or distance to markets and land 

tenure (Adams, 2012, Baudron & Giller, 2014). For example, land sparing is thought to be 

ineffectual in areas of communal land ownership or where systems of land tenure are insecure 

and is usually suited for larger commercial farms where secure land tenure systems could 

facilitate investment in intensification (Adams, 2012, Baudron and Giller, 2014). Conversely, 

land sharing has been linked to smallholder farms that rely less on technologies for 

intensification and more on agro-ecological practices (Baudron and Giller, 2014). Access to 

these services paired with land scarcity or availability will indicate the most appropriate 

strategy of the two (Noltze et al., 2013). 

 

Determining meaningful land use policy also requires the consideration of socioeconomic 

aspects and the preferences of individuals or institutions. The impacts of different farming 
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systems on livelihoods and the inequality implications of proposed land use strategies are 

likely to have strong regional impacts on the suitability of LS/LS initiatives (Perfecto and 

Vandermeer, 2008, Balmford et al., 2015, Law and Wilson, 2015, Kremen, 2015). There are 

also concerns that the LS/LS framework is not equipped to deal with aspects of food security 

and focuses entirely on food production (Tscharntke et al., 2012, Fischer et al., 2014). As 

discussed in Section 1.1 food production is only a means to an end while the implied societal 

goal is to ensure food security. Policy feasibility will also be highly dependent on 

stakeholders diverse interests, the governance systems, how well the policies are adapted to 

local institutions, the capacity of the institutions to support implemented policies, and most 

importantly it will depend on the uptake and social preferences of these policies to direct land 

users (Angelsen and Kaimowitz, 2001, Barraquand and Martinet, 2011, Brady et al., 2012, 

Ceddia et al., 2014).  

 

This plethora of limitations of the LS/LS framework has led some authors to caution against 

uncritical applications of the framework, arguing that such polarized debates are not 

constructive (Tscharntke et al., 2012, Fischer et al., 2014, Kremen, 2015). Authors 

increasingly consider the debate stalled and plea for a middle ground, a re-iteration of the 

framework, a more inclusive one or ultimately a completely new framework equipped to 

deliver under the Sustainable Development Goals (UN, 2015) and local realities (Table 1.1).  
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Table 1.1 Studies that have proposed changes to the current LS/LS framework or new alternative frameworks.  

Study  New alternatives or expanding the LS/LS framework  

Kremen, 2015 
 

The study concluded that the dichotomy of the sharing-sparing 
framework limits the realm of future possibilities to two, largely 
undesirable, options for conservation and as a result the framework 
should be abandoned. Alternative such as agro-ecology are better 
adapted to answer food security problems.  
 

Law and Wilson, 2015  
 

Provide foundational evidence that context warrants explicit inclusion 
in assessments of agricultural and environmental policy. 
 

Dressler et al., 2016 
 

Provide evidence that ‘livelihood bricolage’ (livelihood portfolios 
based on the economic and socio-cultural considerations of place) is an 
important component of the sharing-sparing decision-making.  
 

Bennett, 2017 
 

Calls to expand the framework to include human wellbeing and 
ecosystem services.  
 

Mertz and Mertens, 2017 
 

Calls to expand the framework to include economic aspects.  
 

Walter et al., 2017 
 

‘Smart farming’ a better framework that offers a path towards 
sustainable agriculture by diversification of technologies, crop and 
livestock production systems, and networks across all actors of the 
agri-food sector. 
 

Mockshell and Kamanda, 2017 
 

The study asks if “blended sustainability”, a form of sustainable 
agricultural intensification and agro-ecological intensification has the 
potential to solve the sharing-sparing dispute by aligning the interests 
of different stakeholders, including private sector actors, international 
donors, NGOs, civil society actors and conservation scientists. 
 

Donaldson et al., 2017 
 

Introduces a landscape scale conservation framework that can help the 
decision between a sharing and a sparing landscape. 
 

Fischer et al., 2017a  
Fischer et al., 2017b,  
Dudley and Alexander, 2017 
 

Probably the most overarching framework proposed is moving towards 
a multifunctional landscape vision in which multifunctionality is not 
only seen as an issue of which ecosystem services are being generated, 
but also one of who receives and benefits from these services. The 
promoters argue that typically, in these landscapes, a broader range of 
beneficiaries has access to a more varied set of ecosystem services. 
Besides, the ecosystem services benefits are generally experienced 
more locally, and local people are more likely to be in control of 
landscape management. Hence, it is important to distance research 
from “monofunctionol” landscape vision of the sparing strategy which 
reinforces a growing disconnect between people, ecosystem services, 
and the landscapes where these services are produced.  
First evidence that engaged with this framework suggests that by 
understanding a landscape as a multifunctional entity, optimum yield-
biodiversity outcomes result from adoption of mixed sharing-sparing 
policies (Law et al., 2017). 
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The architects of the framework have responded that while the sparing-sharing debate remains 

controversial, the framework should not be abandoned since it has provided a valuable 

structure that forces researchers to be explicit about their objectives in evaluating alternative 

approaches to food production (Balmford et al., 2015). But if the framework is to influence 

policy then these limitations need to be addressed. 

This study seeks to contribute to addressing these limitations of the LS/LS framework by 

assessing, in a case study landscape, the feasibility of proposed interventions given 

stakeholders’ interests, the uptake of the interventions by direct landowners and their 

socioeconomic and environmental implications, beyond a simple biodiversity/yield analysis. 

The following sections explain these topics in more detail.  

1.4.1 Land"sharing>land"sparing"interventions"and"the"importance"of"

including"stakeholders"in"the"elaboration"of"effective"policies"

The debate around the LS/LS framework aims to better recognize, evaluate and value existing 

situations, but more essentially to formulate successful policies that align biodiversity 

conservation and food production. LS/LS are possible land use scenarios, but they are 

unlikely to be achieved without some form of policy intervention. 

Advocates of land sparing have proposed four categories of ‘active’ land sparing mechanisms 

(Figure 1.3) that could link yield increases with habitat protection or restoration: i) land use 

zoning, ii) economic instruments, such as payments, land taxes, and subsidies, iii) spatially 

strategic deployment of technology, infrastructure, or agronomic knowledge and iv) standards 

and certification (proposed by Balmford et al., 2015, and reinforced and expanded on by 

Phalan et al., 2016).  

Evidence for the use of scientific results as a basis for developing land use policies is limited 

(e.g. Wentworth, 2012). Although many studies reference policies, there is insufficient 

information on how specific land use policies have been developed and whether they are part 

of conscious decisions to promote strategies (Mertz and Mertens, 2017). Evidence so far 

suggests it is more likely that current interventions that can be categorised as LS/LS have not 

transpired as a direct result of policy recommendations from this literature (Mertz and 

Mertens, 2017). However the forms of land sparing mechanisms that have occurred around 

the world do resemble the categories presented in Figure 1.3.  
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Figure 1.3 Potential mechanisms for linking yield growth to land sparing. Source: Phalan et al., 2016 

Cells are colored in relation to the degree to which each mechanism is understood to spare habitat or increase yields. Green 
indicates there is good evidence, and yellow indicates mixed evidence, or a plausible but untested effect. The scale at which 
each mechanism is most likely to spare land is indicated. Other possible scales are presented in parentheses. Examples of the 
likely principal proponents of each sort of mechanism are provided (the proportion of the cell shaded gray indicates the 
expected relative importance of governments in implementing each sort of mechanism).  

 

Under land use zoning for example, a combination of pro intensification and anti 

deforestation measures, using deforestation bans through national legislation, has been 

developed in response to international and national pressure to stop deforestation in Brazil 

and Costa Rica (Schroth et al., 2011, Fagan et al., 2013, Meyfroidt et al., 2014, Cialdella et 

al., 2015, Jadin et al., 2016). In Vietnam and Indonesia land zoning policies aim to separate 

areas into protection forest and production forest where agriculture appears to be tolerated 

(Meyfroidt et al., 2014, Law and Wilson, 2015). 

Examples of economic instruments mechanisms used to promote land sparing are among the 

most common. Under international agreements such as the Convention to Combat Climate 

Change, REDD+ programs are incentivising farmers to reduce shifting cultivation and cattle 

ranching through intensification in Brazil (Eloy et al., 2012) and in a similar fashion the 

programme is promoting land sparing strategies in Argentina, DR Congo and Laos (Phelps et 

al., 2013, Macchi et al., 2016, Vongvisouk et al., 2016). Furthermore, in Brazil, the Forest 

Code allows flexibility in how landowners meet the required percentage of legally reserved 
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forests on their lands. Those that decide to deforest 100% of their land can purchase the rights 

from other landowners that have maintained forests in excess of the legal requirement 

(Soares-Filho et al., 2014). 

In Indonesia incentives are given for local government to allocate large-scale oil palm and in 

Ghana they aim to encourage the transition from extensive low-yield cocoa to intensive high-

yield cocoa (Gockowski et al., 2013, Lee et al., 2014). In the Spiti Valley, of Himalayan 

India, for designating land set-asides for the recovery of snow leopard, prey herders receive 

payments and technical assistance to reduce livestock losses to snow leopards and to increase 

yields as well (Macdonald and Loveridge, 2010). 

Under spatially strategic deployment of technology, infrastructure, or agronomic knowledge, 

a case study from Philippines represents a good example of how production was increased by 

the Philippine National Irrigation Administration when they brought irrigation to southern 

Palawan in the 1990s. This allowed many lowland rice farmers to produce a second crop per 

year within a single area, shifting deforestation pressures away from fragile, forested uplands 

(Shively et al., 2001, Shively and Pagiola, 2004). In the last category standards and 

certification, an example from Cambodia shows how farmers who enrol in the Ibis Rice 

scheme are permitted to sell their rice through the village committee to a marketing 

association, and receive a price premium as part of an agreement not to hunt key species of 

conservation concern and help protect the local forest (Clements et al., 2010). The programme 

has been driven by a conservation organisation.  

 

Under the land sharing strategy no proposed categorisation of mechanisms’ has been made, 

but the strategies are similarly diverse. For example, silvo-pastoral systems implemented by 

the government in Colombia help conserve forest fragments (Montoya-Molina et al., 2016). 

In Argentina governmental subsidies are used to promote extensive cattle ranging in 

economically poor areas (Grau et al., 2008) and in the same country land zoning regulations 

have a category for ‘sustainable use’ with low intensity (Macchi et al., 2016). General 

pressure from consumers at the global level also pushes land policy-making into seeking more 

sustainable land use practices such as agroforestry and organic agriculture and engaging in 

payments for ecosystem services. For example, in Mexico municipalities and NGOs promote 

multi-functionality of landscapes with organic palm and shade coffee (Speelman et al., 2014), 

whereas in Brazil the forest code requires setting-aside private land for sustainable use (Eloy 

et al., 2012). In India the implementation of the Forest Rights Act is trying to make up for the 
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mistakes of the past and promote community conservation with sustainable resource use 

(including agriculture) in a decentralized way (Rai and Bawa, 2013). For Transylvanian’s 

communities in Romania the cultural and historical context allowed for a multifunctional 

socio-ecological system to thrive over time (Loos et al., 2016). The European Union’s (EU’s) 

Biodiversity Strategy and Japan’s National Strategy for Biological Diversity have 

traditionally recognized and promoted land sharing approaches by acknowledging the 

multifunctionality of the landscapes (Fischer et al., 2017b). In the case of EU substantial 

investment has been placed in agro-environmental subsides to promote land sharing.    

Although LS/LS strategies manifest across different regions of the world, the promoters of the 

framework have made a call to coordinate actions at national and international level to 

promote LS/LS policies based on the ecological evidence to date. Though insightful, the 

biodiversity/yield curves offer no insights into the social acceptability of the policies that have 

been derived from this evidence. In doing so there is a risk of developing ineffective 

interventions that are not adapted to local contexts and can paradoxically force into opposition 

the very conservation and development interests they seek to reconcile for which they were 

designed (Fischer et al., 2014, Bennett, 2017).  

 

What drives the strategy or strategies adopted by each country seems to be dictated by any 

one or a combination of factors. They range from commitments under international 

conventions, the agenda of NGOs, private donors, governments and agri-businesses, the local 

realities of development needs, access to capital, international market forces or historical and 

cultural contexts (Eloy et al., 2012, Wentworth, 2012, Meyfroidt et al., 2014,  Cialdella et al., 

2015, Loos et al., 2016, Vongvisouk et al., 2016, Fischer et al., 2017a, Mockshell and 

Kamanda, 2017, Salles et al., 2017). Thus, it is not surprising that the few studies to have 

looked into the social acceptability of the LS/LS policy recommendations have highlighted 

that the integration of local stakeholders’ perspectives from an early stage is likely to be an 

important factor in determining the interventions success (Steffan-Dewenter et al., 2007, 

Kremen, 2015, Jóhannesdóttir et al., 2017, Mertz and Bruun, 2017). Though there is much to 

be explored around the engagement of stakeholders in conservation policy (Reed, 2008, 

Sterling et al., 2017), there is evidence showing that farmers who participate in developing 

conservation schemes experience an increase in their commitment and satisfaction (Emery 

and Franks, 2012). The co-design of conservation management with landowners and other 

stakeholders from an early stage can also reconcile potential conflicts and ensure more robust 
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and long-lasting policies (Redpath et al., 2013, Bouamrane et al., 2016). These findings build 

on evidence from different disciplines, which emphasise the growing need for knowledge 

exchange between researchers and those who affect or are affected by decisions, commonly 

referred to as stakeholders, in order to enhance the quality, relevance and legitimacy of 

research and its success on the ground (Oreskes, 2004, Diedrich et al., 2011, Jolibert and 

Wesselink, 2012, Reed et al., 2009). 

 

In the biodiversity conservation literature there has also been a growing realisation that 

stakeholder participation has a significant role to play in the development and delivery of 

biodiversity policy and practice (Jones-Walters and Çil, 201, Young et al., 2013, Young et al., 

2014). Stakeholder engagement around the world has been successfully implemented as part 

of a wide range of environmental applications. In the USA, stakeholder engagement in 

watershed problems increased cooperation and improved polices and their effectiveness 

(Sabatier et al., 2005). In Australia, stakeholders’ innovative approach to mutual farm visits, 

and the emphasis on the demonstration of best practice, has led to both an increased 

awareness of land degradation problems and the creation of grassroots information networks 

(Wilson, 2004). In Madagascar, stakeholder engagement has played a central role in 

conservation decision-making for Bezà Mahafaly Reserve for over 40 years leading to higher 

quality decisions that are better adapted to the local social-cultural and environmental 

contexts (Richard and Ratsirarson, 2013). Case studies from India, Bolivia and Mali proved 

that stakeholder engagement helped achieve a common understanding of the principles of 

sustainability for better policy formulation (Rist et al., 2007), while a review conducted on 

forests world-wide showed that stakeholder engagement led to better forest management 

(Carter and Gronow, 2005).  

Stakeholder engagement has also been shown to: increase the likelihood that environmental 

decisions are perceived to be holistic and fair, enhance the rate of adoption and diffusion of 

interventions among target groups, reduce implementation costs, help set more realistic 

targets, understand the barriers to success as well as shift direction if interventions where 

believed to diverge from intended targets (Martin and Sherington, 1997, Konisky and Beierle, 

2001, Richards et al., 2004, Irvin and Stansbury, 2004, Junker et al., 2007, Reed, 2008, 

National Audubon Society, 2011).  

In cases where stakeholders were not included in the decision-making process the risk of 

proposing inadequate or sub-optimal solutions has been shown to increase (Reed, 2008, Sayer 



 48 

et al., 2013). For example in the context of the Kalahari, Botswana, it was found that the 

majority of strategies to reduce and adapt to land degradation reported in the literature were 

not suitable for use by local pastoralists. The adoption of these strategies without prior 

discussion of their suitability risked advancing policies that were likely to fail from the start 

due to a lack of engagement (Reed et al., 2007).  

 

These studies highlight that the integration of landowner perspectives and other stakeholders 

is likely to be an important factor determining the success of LS/LS conservation policy. Thus 

stakeholder involvement, especially connecting individuals and institutions at multiple, 

hierarchical levels across sectors through participatory processes (Young et al., 2014), would 

greatly aid the formation of effective policy that could maximize their utility and better 

promote their uptake in a landscape (Kremen, 2015).  

 

1.4.2 Why"socioeconomic"factors"can"shift"the"outcomes"of"the"debate"

 

Along with stakeholder engagement, socioeconomic factors also play an important role in 

determining the choice between the two strategies. Only a few studies under the LS/LS 

framework (e.g. Steffan-Dewenter et al., 2007, van Vliet et al., 2012, Lee et al., 2014) have 

quantified the socioeconomic and environmental outcomes of these strategies within a real-

world agricultural landscape. This small pool of studies shows that when socioeconomic 

aspects are considered, the choice between the two strategies is less clear than in the outcomes 

of biodiversity density-yield studies. For example, by using spatially explicit data on various 

important attributes for oil palm expansion, Lee et al. (2014)  developed a computer-based 

model to simulate different pathways of oil palm expansion in Sumatra, Indonesia. 

Considering the environmental and socioeconomic outcomes of pursuing oil palm expansion 

via a land-sparing, land-sharing, and a hybrid approach, the model revealed the best 

compromise between environmental and socioeconomic outcomes from oil palm expansion is 

the product of the latter strategy. In another example van Vliet et al. (2012) showed land 

sparing approaches tend to create higher income for local people, but result in higher risk and 

vulnerability compared to swidden agriculture. Similarly, evidence from Southeast Asia 

collected between 1950 and 2015 shows that transition from swidden to intensive cropping 

has increased overall household income, but these benefits came at significant costs such as 
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reductions of customary practice, socioeconomic wellbeing, livelihood options, and staple 

yields (Dressler et al., 2017).  

A Philippine case studies show how disrupting livelihoods in multi-functional landscapes 

with policies that focus on intensification spatially constrains livelihood security and 

conservation objectives (Dressler et al., 2016). It concluded that more equitable forest 

governance and better livelihood outcomes are observed under land sharing (Dressler et al., 

2016). Furthermore, Steffan-Dewenter et al. (2007) collected socioeconomic data showing 

that although full sun cacao plantations provide greater yield and income, growers prefer 

relatively biodiversity-rich shade cacao agroforests, suggesting that certification schemes that 

ensure price premiums for wildlife-friendly cacao are likely to be popular and effective. On 

the contrary, in the subarctic landscape, Icelandic farmers are unlikely to specifically consider 

bird conservation in their management, even if financial compensation were available 

(Jóhannesdóttir et al., 2017). Despite acknowledging the importance of having rich birdlife on 

their land they intend to increase the area of cultivated land in the near future. Nevertheless, 

there seems to be willingness to consider sparing patches of land and/or maintaining existing 

pools within farms, an essential habitat feature for breeding waders.  

These studies demonstrate that the ecological focus of the LS/LS framework is insufficient to 

deal with real world complexities and lends itself to overly simplistic policy prescriptions. 

The exclusion of socioeconomic factors from the debate could ultimately further harm 

biodiversity and will continue to lead agricultural scientists, development economists, and 

ecologists to talk past each other ineffectively. There is an urgent need to widen the lens with 

which we look at the problem and by including socioeconomic consideration and by engaging 

the stakeholders in a participatory process better land use policies could be crafted so that 

they avoid serving entrenched interests (Phelps et al., 2013) and could promote biodiversity 

conservation on the long term.  

1.5 Objectives and research approach 
 

There is increasing impetus to find ways to reconcile food production with biodiversity 

conservation. The LS/LS framework has emerged as one such approach (Green et al. 2005) 

and is receiving increasing attention. While numerous studies (e.g. Hulme et al., 2013, 

Williams et al., 2017) have investigated the relative merits of LS/LS through an ecological 

lens, I have argued that the relevance of the framework to real life depends on a much broader 
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set of factors. The framework fails to consider the social acceptability of the land use 

interventions to stakeholders and direct land users or the socioeconomic implications of their 

advancement in a real-world landscape (Fischer et al., 2014). By proposing ready-made 

expert solutions without understanding the social ramifications of the two approaches 

proponents of the framework risk a partial picture that is not grounded in local realities and 

can have profound implications for the conservation of biodiversity on the long run (Phelps et 

al., 2013, Kremen, 2015, Bennett, 2017). 

 

To address these caveats the research presented in this thesis moves beyond the ecological 

approach by adding a socioeconomic dimension to the LS/LS framework. Based on the 

preceding review of the literature, the thesis proposes to investigate three main socioeconomic 

and environmental aspects: 

i) What land use interventions are plausible in a landscape given diverse 

interests of stakeholders?  

ii) What is the social acceptability (uptake) of the interventions to direct land 
users? 

iii) What are the implications of land users’ choices, not only on production and 
biodiversity but also on local food security and livelihoods? 

 

Finally, the thesis considers the implications of the results of these investigations for the 
applicability of the LS/LS framework in real life situations.   

%

Answering these questions means crossing disciplinary boundaries and analysing the system 

under study as a complex structure that is governed both by social and ecological processes. 

In doing so this research focuses on three main aspects: engaging stakeholders in participatory 

processes to identify feasible land use interventions considering the local realities, 

understanding farmers motivations to enrol in land use interventions, and analysing the 

comparative merits and benefits (socioeconomic and environmental) of adopting LS/LS 

interventions. All this information provides new insights into LS/LS policy recommendations. 

The thesis has been structured in ten chapters; with the chapters that contribute to or answer 

the research questions organised in five parts (Diagram 1). Each part has a short introduction 

and in each chapter, the final section conveys its main messages.  
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Diagram 1 Structure of the thesis 

 

Engaging stakeholders in participatory processes to identify feasible interventions in a given 

landscape is challenging. Companion Modelling has emerged as an approach specifically 

designed to address these challenges. Its value for this study stems from its focus on 

facilitating dialogue between stakeholders, shared learning and collective decision-making in 

an adaptive and iterative way (Part I, Chapter 3). Using a combination of role-playing 

games and agent-based models with local stakeholders it enables a shared representation and 

validation of the land use and decision-making processes that occur in a system, that are 

otherwise difficult to observe or navigate.   
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In order to understand how land use decisions are shaped in landscapes that can accommodate 

both LS/LS strategies, Nilgiris, India was selected as a suitable fieldwork site. The area has a 

long history of subsistence and commercial agriculture with both intensification and 

expansion into one of the world’s most biodiverse forests. The thesis explains the historical 

and economic drivers that shape the current landscape and livelihood decisions (Part I, 

Chapter 2) as long with a current socioeconomic, land use and food security profile of the 

study area in Part II (Chapters 4 and 5). Part II also includes information on farmers’ 

motivations to enrol in land use interventions that have been collected using what-if scenarios. 

Part II uses both quantitative and qualitative data derived from an in-depth household survey 

and focus groups. The data are analysed using simple statistics or multivariate analysis. To 

establish what determines food security in the study area mixed effects models are also used.  

 

The participatory processes used in engaging stakeholders in negotiating feasible land use 

policies for the reconciliation of agriculture and biodiversity conservation, and the outcomes 

of the processes in the form of concrete land use policies are presented in Part III (Chapter 

6). Knowledge of the willingness and capacity of landowners to accept these strategies is of 

key value to the success of the policies. To understand the processes and motivations that 

govern land users decision-making related to land use and livelihoods decisions a role-playing 

game (Chapter 6) and an agent-based model were proposed (Part IV, Chapter 7). The 

agent-base model, referred to as PLUSES, allowed analysing ex ante the results of their 

hypothetical adoption (Chapter 8) and the implications of their adoption for local livelihoods, 

food security and environment (Chapter 9) over a 30-year period simulation.  

 

Finally, Part V (Chapter 10) underlines how integrating a socioeconomic dimension to the 

LS/LS ecological debate contributed to understanding the applicability of the framework to 

real life situations.   
 

The next chapter introduces the study site where the research has been conducted.  
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Chapter 2 

 

Study area: The landscape of Nilgiris, Western Ghats 
(India) 

"
2 "

 

This chapter describes key aspects of the Nilgiris district in Southern India’s Western Ghats in 

which the field research for this thesis took place. The Nilgiris is a human-modified landscape 

that exhibits a high level of biodiversity and has a long history of agriculture. To understand 

the social acceptability of land use interventions, such as LS/LS, this chapter provides an 

account of the environmental and socioeconomic history affecting livelihoods, food security 

and the environment of the Nilgiris. The chapter also highlights key land use transitions in the 

regions’ recent history. Understanding the key dynamics in this mixed-use environment and 

its recent history are instrumental for the empirical design developed in Chapter 3.  

 

The chapter opens by justifying the selection of India as a suitable place to address the current 

research (Section 2.1) and reviewing the LS/LS strategies that have long been implemented in 

the country (Section 2.2). The chapter moves on to provide an overview of the relationship 

between agriculture and biodiversity in the Western Ghats (Section 2.3). The socioeconomic 

and environmental profile of a central part of the wider Western Ghats landscape, the Nilgiris 

are then considered (Section 2.4) and the chapter concludes with the current environmental 

threats in the area and the type of land use interventions found in the landscape (Section 2.5). 
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2.1 Introduction 
The greatest biodiversity impacts from agricultural transformation will likely occur in areas of 

fast economic development that are characterized by a combination of high population 

densities, high biodiversity value and high rates of poverty and food insecurity (Jenkins et al., 

2013, Phalan et al., 2013, Baudron and Giller, 2014, UN, 2017). India meets all of these 

characteristics. The country’s human population density has almost tripled, from 154 to 445 

people/km2 between 1961 and 2016 (UN, 2017). India is now home to 1.3 billion people, the 

second largest national population on the planet. This population is expected to rise by an 

additional 0.2 billion people by 2030 (FAO and World Bank, 2017).  

The Human Development Index (HDI) is a composite index measuring average achievement 

in three basic dimensions of human development: a long and healthy life, knowledge and a 

decent standard of living. The HDI places India in 131st position out of 188 countries (UNDP, 

2016). However, India’s index has risen annually by an average of 1.52% over the last 27 

years (UNDP, 2016). Similarly, despite the economy of India ranking 141st out of 188 

countries by GDP per capita in nominal value, the country has had a high average economic 

growth of 6.6% annually over the last 25 years (IMF, 2017). It is projected that by 2040 

India’s GDP will exceed that of United States of America (USA), in purchasing power parity 

terms, which account for different price levels across countries. This would make India the 

second largest economy in the world, after China (PwC, 2017). Despite a growing economy 

and measures of development India continues to battle high poverty and food insecurity rates. 

According to the national baseline figures, 21.9% of the population lives below the poverty 

line and the World Bank reports that 21.2% of the population subsists on an income of less 

than two United States (US) dollars per day (UNDP, 2016). The proportion of the population 

living below the poverty line increases to 80% in rural areas where the majority (67.3%) of 

Indians live (UNDP, 2016, World Bank, 2017). 

India continues to be largely an agrarian country with 46% of total land area cultivated and 

57% of the labour force dependent on agricultural activities (UNDP, 2006). Out of the 121 

million agricultural holdings, small and marginal farms account for more than 80% of total 

farm households and their average land size has declined from 2.3 ha in 1970 to 1.37 ha in 

2000 (Chand et al., 2011). The agricultural sector currently contributes 17.4% to India’s GDP 

however that amount is declining year on year as the contribution of the service sector 

increases (FAO, 2017b). Even with a better distribution of food and a reduction in food waste, 

agricultural productivity will need to increase to reduce food insecurity and to feed the rapidly 
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growing population (FAO, 2017a). Such an increase will need to occur alongside the 

decreasing popularity of agriculture as a livelihood and changing consumption patterns that 

come with increased wealth, such as an increased demand for meat products (Aiking, 2011).  

Increasing demand for agricultural products and changing consumption patterns are likely to 

lead to more pressure on India’s environment.  

 

India has a rich biological diversity that includes more than 400 mammal species including 

the largest wild populations of tigers (Panthera tigris) and Asian elephants (Elephas 

maximus). The country has two global biodiversity hotspots, the Eastern Himalayas and the 

Western Ghats (Bawa et al., 2007, Karanth et al., 2009). This study is based within the latter. 

Nationally, agricultural expansion has already led to significant deforestation. In 1880, 32% 

of land was cultivated and 32% of land was under forests (Flint, 1998). By 2014, 60.4% of 

land was cultivated and forest cover had shrunk to 23% of land area, with agriculture 

expansion being the main driver (FAO, 2014). It is predicted that in the future the 

intensification of cropland rather than its expansion will pose the largest threat to Indian 

biodiversity (Kehoe et al., 2017). Timely land-use planning will be crucial to proactively 

mitigate biodiversity loss from agricultural development (Kehoe et al., 2017). Assessing ex 

ante land use policies that have been put forward, such as LS/LS strategies, could provide 

valuable insights in formulation of more meaningful and effective policies (e.g. Lee et al., 

2014).  

2.2 Land sharing and land sparing in the Indian context 
Despite not being explicitly labelled as such, both LS/LS strategies have long been present on 

the Indian subcontinent. In India the land sparing argument is most frequently made with 

respect to the Green Revolution. Green Revolution technologies increased wheat production 

five-fold between the 1960s and early 1990s, while acreage only expanded by approximately 

75% (Waggoner, 1996). By 1991 an additional 44 million hectares of agricultural land would 

have been necessary to generate the same level of production if modern technology hadn’t 

supplemented low-input strategies (Waggoner, 1996). Thus, it is argued that through 

technological improvements and crop intensification millions of hectares of natural land were 

spared from conversion (Lee and Barrett, 2001). However, contradicting views suggest that 

agricultural intensification has actually promoted deforestation in India by raising land value 

for growing crops (Foster et al., 1999). Even in its early days, the Green Revolution has been 

associated with deterioration in soil structure and fertility, along with an increase incidence of 
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pest, disease and weed problems (Conway and Barbie, 1988). Furthermore, it led to a 

decrease in individual food security, increased dependency on corporate sellers and decreased 

control over their food supply for the most vulnerable people (Patel, 2012, Patel, 2013, Shiva, 

2016). The push for the industrial agricultural model has altered the foundations of India’s 

agriculture, making farming unremunerative for millions of India's small and marginal 

farmers (Narayanamoorthy, 2006). 

 

In terms of land sharing, the cultivation of areca, cardamom, coffee, rubber and tea 

agroforestry are classic Indian examples (Bhagwat et al., 2008, Anand et al., 2010, Robbins et 

al., 2015). Multiple studies have demonstrated that agroforestry landscapes could help 

‘produce’ wildlife and provide conservation opportunities (Puri and Nair, 2004, Bali et al., 

2007, Ranganathan et al., 2010, Garcia et al., 2010, Nath et al., 2011, Karanth et al., 2016) 

without necessarily minimizing optimum production (Tscharntke et al., 2012). Agroforests 

could benefit livelihoods and food security, with areca nut doing so for more than 2,000 years 

(Ranganathan et al., 2008, Shiva, 2016). Land sharing has, however, also been shown to have 

negative impacts on yields, biodiversity and livelihoods (see review by Murthy et al., 2016). 

For example a doubling of the area of shade-grown coffee plantations between 1977 and 1997 

coincided with a 30% reduction in forest cover (Garcia et al., 2010). In the same study it was 

shown that multipurpose agroforestry trees on farms, that aimed to serve as alternative 

sources of fuel wood, were often not accessible to the poor since the landless population (e.g. 

tribal groups, migrants, labourers) neither had legal access to fuel wood from state-controlled 

forests nor from private lands (Garcia et al., 2010).  

 

If LS/LS interventions continue to be taken forward, a holistic assessment that can capture the 

interaction between agriculture, biodiversity, livelihoods and food security is imperative to 

ensure more effective and targeted policies that can minimise or overcome some of the 

unintended consequences observed so far. To explore these interactions, research was 

conducted in the Western Ghats district of the Nilgiris. The area is densely populated, relies 

primarily on agriculture, is rich in biodiversity and the protected areas that house viable 

source populations of many species are embedded in matrices of cultivated agroforestry 

landscapes (Robbins et al., 2015).  The history of the Nilgiris and the research context are 

related to the wider landscape of Western Ghats. Therefore the chapter will start with a brief 

overview of the Western Ghats landscape. 
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2.3 Overview of the Western Ghats landscape 

2.3.1 A"biodiversity"hot"spot"
The Western Ghats is formed by the Malabar Plains and the chain of mountains running 

parallel to India's western coast, about 30 to 50 kilometres inland. They stretch for 1,600 km 

from the country's southern tip to Gujarat in the north and cover an area of about 160,000 km² 

over five states: Goa, Karnataka, Kerala, Maharashtra and Tamil Nadu (Figure 2.1). 

 
Figure 2.1 The Western Ghats landscape Source: Bawa et al., 2007, Google Map of India, 2017 

 
 

 

 

India 
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The highest peaks of the Western Ghats reach over 2,500 m. Monsoon winds bring heavy rain 

between June and September that feeds into the mountain’s riverine system providing 40% of 

India’s drinking water and power for approximately one quarter of the country’s population 

(Bawa et al., 2007). Variations in rainfall patterns, altitudes and temperature gradients across 

the range produce a rich diversity of vegetation types, distributed between four tropical and 

subtropical moist broadleaf forest eco regions, making the Western Ghats one of the world’s 

biodiversity hotspots (Myers et al., 2000, Bawa et al., 2007, Mittermeier et al., 2011). The 

area is home to 7,402 species of flowering plants (Nayar et al., 2014) and a large number of 

fauna species. Among vertebrates, birds represent the largest number of known species (508 

species), followed by fish (218), reptiles (157), mammals (137), and amphibians (126). At 

least 325 globally threatened species occur in the Western Ghats (Myers et al., 2000, 

Dahanukar et al., 2004). Many of these species found within the mountain range are endemic 

to the Western Ghats region. Among the most charismatic species are Asian elephants 

(Elephas maximus), Bengal tigers (Panthera tigris tigris), lion-tailed macaques (Macaca 

silenus), sloth bears (Ursus ursinus) and Nilgiris tahrs (Hemitragus hylocrius).  

2.3.2 Western"Ghats"as"a"human>modified"landscape""

The landscape of the Western Ghats can only be understood through its relationship with 

human factors. Western Ghats is by far the most densely populated global biodiversity 

hotspot (Cincotta et al., 2000). The regional population is characterised by a richness of 

cultures, traditional knowledge systems and ethnicities including indigenous tribes. Human 

activity in the area dates back over 12,000 years before present, mostly in the form of hunting 

and gathering (Chandran, 1997).  

 

Agricultural landscapes were established at least 2,000 years ago (Ranganathan et al., 2008). 

Since then the Western Ghats landscape has been significantly, but not completely, converted 

from native vegetation to other types of land use including agriculture, forestry, urban space, 

and areas for the extractive use of natural resources. Such alterations make Western Ghats a 

typical human-modified landscape, following Gardner et al's. (2009) criteria. Compared to 

other tropical human-modified landscapes such as Mexico (Greenberg et al., 1997), the 

Dominican Republic (Wunderle, 1999) and Colombia (Armbrecht et al., 2005), the Western 

Ghats typically feature greater habitat heterogeneity and structural complexity while retaining 

considerable native forest cover (Anand et al., 2010).   
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More specifically, the remaining natural habitats cover close to one-third of the extent of the 

Western Ghats, with the protected area network comprising 58 parks spanning 13,595 km², 

less than 9% of the total Western Ghats area (Bawa et al., 2007). The network is highly 

fragmented and embedded in a heterogeneous matrix of human land use including human 

inhabitations, artificial reservoirs, open agriculture such as paddy (Oryza spp.) and 

vegetables, and plantations of coffee (Coffea spp.), tea (Camellia sinensis), rubber (Hevea 

brasiliensis) and cardamom (Elettaria cardamomum) interspersed with a variety of other cash 

crops (Daniels et al., 1990). 

 

Forested and human-modified landscapes interact in several ways. Wild species that 

otherwise inhabit continuous forest landscapes frequently occur in the human-used matrix 

foraging for resources, such as wild bees residing in forest fragments and foraging within 

coffee plantations (Ghazoul, 2007), or elephants foraging/raiding cereal crops (Thomas, 

2005). Wild species also use the human-modified landscape to disperse between patches of 

suitable habitat, such as wild elephants dispersing through tea plantations (Kumar et al., 

2010). Flora exchanges occur between forest and human-modified landscapes too. For 

example, populations of invasive shrubs and herbs (Eupatorium glandulosum, Ulex 

europaeus and Cytisus scoparius) coming from plantation crops have been reported in the 

native forests (Bunyan et al., 2012). Finally, the matrix also supports viable populations of 

generalist species (Bali et al., 2007).   

2.3.3 Agricultural"expansion"and"forest"loss""
Much of tropical Asia was forest dominated even in the 1950s (Kummer and Turner, 1994). 

In the Western Ghats widespread logging and clear felling for plantations of timber, tea, 

coffee, fibre and agriculture started much earlier, about 200 years ago with the arrival of the 

British (Prabhakar, 2005, Chandran, 1997). Subsequently, between the 1920s and 1990s, the 

central and southern Western Ghats witnessed a 40% loss in forest cover, predominantly due 

to conversion to open or cultivated lands (76%) or plantations (16%). The number of forest 

patches increased fourfold while the average patch area reduced by 83%, both clear indicators 

of extensive forest loss and fragmentation (Menon and Bawa, 1997). Today plantations 

account for the largest proportion of commodity crops across the landscape. They span over 

10,000 km², covering an area almost as large as that of protected parks, and are predominantly 

in the central and southern reaches of the Western Ghats (Figure 2.2). 
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Figure 2.2 The distribution of commodity crops and natural forests. Source: (Anand et al., 2010) 

 

2.4 The Nilgiris 
The Nilgiris district, located in the heart of Western Ghats is representative of the wider 

human-modified landscape. The Nilgiris covers 2,545 km2 and is the most westerly district of 

Tamil Nadu (Department of Economics and Statistics, 2017). The district is situated at the 

meeting point of three states: Karnataka, Kerala and Tamil Nadu (Figure 2.3). It comprises 6 

sub-districts known as Taluks: Pandalur, Gudalur, Udhagamandalam, Kundah, Coonoor and 

Kotagiri. The district capital is officially called Udhagamandalam, known universally as 

‘Ooty’. It is also the place where plantation industries are administratively headquartered, 

being the home for the United Planters’ Association of Southern India (UPASI) and the Tea 

Board’s South India office. 
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Figure 2.3 Map showing the study area, the Nilgiris district in the Southern Indian state of Tamil Nadu. 
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The Nilgiris is an undulating plateau mostly over 1,000 m altitude and rising to 2,637m (at 

Doddabetta peak), the highest peak of Southern India. The area has innumerable perennial 

streams draining into Moyar and Bhavani, which further join together on the plains to form a 

tributary of the river Cauvery. The annual rainfall of the reserve ranges from 500 mm to 7,000 

mm with temperature ranging from 0°C during winter to 41°C during summer. 

Within the district are various categories of protected areas, including Wildlife Sanctuaries 

and National Parks. The entirety of the Nilgiris district forms part of the Nilgiris Biosphere 

Reserve (NBR), which expands over the district’s boundaries (Figure 2.4). NBR is India's 

first man and biosphere reserve designated in 1986 and prides itself on having about 80% of 

the flowering plants reported from Western Ghats (Bawa et al., 2007). 
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Figure 2.4 Map showing Nilgiris Biosphere Reserve, which includes the Nilgiris district. The reserve has 5520 km2 and is 
formed of four National Parks: Nargahole, Bandipur, Mukurthi and Silent Valley and two Wildlife Sanctuaries: Mudumalai 
and Waynad. Source: Keystone Foundation 
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2.4.1 A"short"history"of"the"Nilgiris""
The history of the Nilgiris dates back to the eleventh century. The Name ‘Nilgiris’ means 

Blue Mountains in Sanskrit. There is a belief that the people living in the plains at the foot of 

the hills, gave the name after the violet blossoms of ‘kurinji’ flower (Strobilanthes 

kunthianus) enveloping the hills every 12 years (Hockings, 2012). The Nilgiris was ruled by 

most of the rulers of South India over several centuries. In 1799 after the fall of Tipu Sultan, a 

Treaty of Srirangapattanam ceded the Nilgiris to the East India Company, but it wasn’t until 

1812 that the area became known to the British (Venugopal, 2006).  

John Sullivan, an Englishman and Collector of Coimbatore, had a great cultural and economic 

impact on the Nilgiris hills. He was a lover of nature and had propensity for agriculture and 

gardening. He was the first European official to build a house and settle there in 1819. John 

Sullivan introduced a number of varieties of exotic plants from Europe and South Africa, 

which form part of the Nilgiris flora today (Venugopal, 2006). Along with these, he 

introduced two main crops, tea and ‘English’ vegetables. The socio-ecological history of 

Nilgiris (Diagram 2.2) shows how gradually tea and vegetables became an important pillar of 

the local economy at the detriment of local forest (Hockings, 2012). At present, tea 

plantations, in particular, cover over 70% of the Nilgiris cropland and account for half of 

South India’s tea production, registering the highest yields in the country due to a favourable 

altitude and climate (Pritchard and Neilson, 2009). 

 

The original human inhabitants of the Nilgiris plateau are Todas, Kurumbas, Irulas, Kotas and 

Badagas, who live at higher elevations, while Panias are the dominant indigenous group in the 

lowlands (Hockings, 2012). Apart from Badagas, all the other groups are classified as 

Scheduled Tribes or adivasi communities, a collective term for the indigenous people of 

mainland South Asia. For decades, the Nilgiris has attracted the attention of anthropologists, 

because the relationships between these groups has been argued to present key clues into the 

evolution of human societies (Hockings, 1989).  

Today, alongside these communities live people belonging to the Scheduled Caste, mainly 

comprising Tamils of Sri Lankan origin that arrived in the area after 1960. Both the 

Scheduled Castes (SC) and Scheduled Tribes (ST) are officially designated groups of 

historically disadvantaged people in India (Government of India, 2012). 
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Diagram 2.2 Socio-ecological timeline of the Nilgiris between 1920 and 2014 based on focus group discussions carried in 6 
villages (Sundatty, Thuneri, Battagorai, Nedugula, Milidhen, Denadu, Kaggula, Kercombai) during fieldwork, 2014-2016.  

1920s:""
•  Small" villages" (<100" inhabitants)" with"

inhabitants"working"mostly"as"pastoralists"

and"agriculturalist""
•  Predominantly"forest"cover"
•  High"diet"diversity""(foods"produced"on"

farm/from"forest):"fruits,"cereals,"nonC

Dmber"forest"products,"meat,"dairy"

products"
•  Poor"infrastructure""
•  No"significant"humanCwildlife"conflict"

(HWC)"

1920"
•  1930s:("
•  The" forest" starts" to" be" converted" to"

agricultural"land"
•  HWC:"mainly"wild"boars"(not"significant)"
•  Housing:"natural"materials"sourced"from"

the"area"
""

1930"

1940s,(1950s:"
•  Tea" and" coffee" estates" develop" in" the"

Nilgiris,"owned"by"BriDsh"landowners"
•  Members"of"the"community"start"working"

as"labourers"on"nearby"tea"estates"
•  Farmers"own"below"0.5"acres"of" land"per"

household"
•  Farmers" start" culDvaDng" tea" and" coffee"

on"their"lands"
•  Grazing" land" and" forested" area" conDnue"

to" be" converted" to" other" land" uses:"

coffee,"tea"and"agriculture"
•  Firewood"main"source"for"cooking"
•  Vegetables" introduced" for" culDvaDon"

(only"organic"manure"used)"
""

1940"

1950"
1960s:("
•  Tea"factory"opens"in"the"nearby"area""
•  Vacant"land"is"converted"to"tea"
•  IntroducDon"of"chemical"ferDlizers""
•  Eucalyptus"starts"to"be"grown"in"the"

area"
•  Electricity"is"introduced"
•  Paved"roads""
""

1960"

1970s:"
•  English"vegetables"are"introduced""along"

with"the"first"arDficial"pesDcides"and"

ferDlizers""

•  Manure"from"caVle"conDnues"to"be"used"

for"tea"growing""
•  Members"of"the"community"stop"working"

as"labourers"and"most"of"them"have"their"

own"tea"lands"
•  More"modern"houses"appear"in"the"

village""and"educaDon"is"increased"among"

children"
•  Rice"is"introduced"in"the"diets"as"a"result"

of"the"governmental"programs"

(Governmental"Fair"Price"Shops"open"in"

the"area"selling"basic"foods"at"minimum"

prices:"flour,"sugar,"oil,"rice"etc.)"
•  Diet:"5"Dmes"a"week"raghi,"2"Dmes"a"week"

rice"

•  Sri"Lankan"repatriates"come"to"the"area"

and"start"working"on"the"farm"as"

labourers""

1970"
1980s,(1990s:"
•  Large"areas"of"forest"converted"to"tea"
•  Gas"cylinders"introduced,"less"reliance"

on"firewood""

•  Government"iniDates"schemes"for"the"

expansion"of"tea"and"coffee"in"the"area"

•  EducaDon"conDnues"to"improves"
•  Agricultural"subsidies/schemes"

introduced:"Tea"Board"offers"subsidies"

for"tea"saplings"(25%),"equipment,"

pruning;"HorDculture"department"

subsidies"(50%)"vegetable"seeds"and"

orange"plants"
•  Silver"Oak"is"promoted"by"the"private"

companies"and"the"Forest"Department"

for"tea"intercropping"
•  CaVle"farming"decreases"significantly,"

only"few"members"conDnue"to"have"

caVle"
•  Tea"now"represents"the"main"crop"
•  Forest"Department(FD)"started"

controlling"the"access"in"the"forest""
""

1980"

1990"

2000"2000s:""
•  Water" scarcity" for" the" first" Dme" (water"

used" to" be" collected" from" streams," now"

there"is"reliance"on"ground"water)"
•  Minimum"firewood"use"for"hot"water""
•  Tea"prices"experience"high"volaDlity"""""""""""""""""""
•  People’s"access"to"forest"is"limited"by"the"

FD"
•  Fines"are"imposed"by"the"FD"for"cubng"

wood"

A0er(2010:"
•  HWC:"monkeys"raid"houses"and"crops"
•  Water"scarcity"accentuates"
•  Tea"becomes"an"unprofitable"crop;"it"

barely"covers"the"costs"of"producDon""
•  There"is"a"high"dependence"on"tea"

because"it"provides"a"constant"source"of"

income"(weekly"people"receive"money"

for"the"plucked"green"leaves)"
•  Vegetables"produced"mainly"for"selling,"

because"storage"is"not"possible""
•  OutmigraDon"(in"some"villages"up"to"30%"

of"the"households"became"vacant)"
•  Diet"diversity"has"reduced,"reliance"

mainly"on"rice"dishes"
•  Households"find"it"difficult"to"buy"basic"

products"because"of"the"low"income"

from"tea""
•  People"started"working"their"fields"again"

without"the"support"of"labourers"in"some"

instances""
•  A"reducDon"in"tree"species"diversity"in"

the"forest"is"reported"2015"
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2.4.2 Socioeconomic"aspects""

The Nilgiris district has a population of 735,394 inhabitants of which 41% live in the rural 

area (Census of India, 2011). There are 64,369 households (Department of Economics and 

Statistics, 2017). The population density of 287 persons per km2 is considerably less than the 

Tamil Nadu state average of 555 persons per km2 (Census of India, 2011). With the exception 

of the most recent census, data show a continuously increasing population in the Nilgiris from 

the beginning of 20th century with a boom between 1920 and 1980 (Table 2.1). 

 
Table 2.1 Comparison of decadal population growth rates through the 20th and early 21st centuries. Source: Census of India, 
2011 

Year Population growth rate (%) 
1901 - 1911 + 5.1 
1911 - 1921 + 6.7 
1921 - 1931 + 33.8 
1931 - 1941 + 23.9 
1941 - 1951 + 48.7 
1951 - 1961 + 31.3 
1961 - 1971 + 20.7 
1971 - 1981 + 27.6 
1981 - 1991 + 12.7 
1991 - 2001 + 7.7 
2001 - 2011 - 3.51 

 

Out of the total population of the Nilgiris 43% are working: 4% are cultivators, 22% are 

labourers and the rest are employed in other economic sectors (Department of Economics and 

Statistics, 2017). The literacy rate is 85.2%, one of the highest across Indian states. The main 

religions are Hinduism, which accounts for over 70% of the population, followed by 

Christianity and Islam both with 10% (Nilgiris Statistical Handbook, 2009).  

The primary economic sector of the Nilgiris remains agriculture even if, at state level, a 

reduction in the agriculture contribution to the economy from 11.65% in 2004 -2005 to 8.7% 

in 2011-2012 has been observed (Government of Tamil Nadu, 2017). In the same period the 

area under agriculture reduced, but production has increased by 0.18 million metric tonnes 

due to an increase in productivity (Government of Tamil Nadu, 2017). In 2010-2011, 92% 

(7,448,169) of operational farms in Tamil Nadu belonged to the marginal and small farmer 

category (Government of Tamil Nadu, 2017). 

The main crops grown in the Nilgiris are tea, coffee and vegetables (Table 2.2). The average 

land size is 1.25 hectares (Department of Economics and Statistics, 2017). 

 



 67 

Table 2.2 Crops grown in the Nilgiris by total area and percentage of total cropland for the year 2011-2012 (Horticulture 
Department, 2015) 

Name of crops Area (ha) Percentage of total cropland  
Plantation crops 64,096.38 85.6 
- Tea 55,503.95 74.1 
- Coffee 8,176.92 10.9 
- Others 415.51 0.6 
Agricultural crops 7,043.24 9.4 
- Vegetables 5,617.95 7.5 
- Other food crops  304.88 0.4 
- Oil seeds 63.7 0.1 
- Sugar crops 3.71 0.0 
- Other Non-Food crops 1053 1.4 
Fruits 909.74 1.2 
Spices and condiments 2,707.11 3.6 
Flowers 111.7 0.1 
Medicinal plants 1.6 0.0 
Total 74,869 100 

 

Tea (Camellia sinensis) is grown on hilly slopes and it is generally intercropped with fast 

growing exotic tree species like Silver Oak (Grevillea robusta) (Figure 2.5). Vegetable fields 

(Figure 2.5) are found in the valleys or on terraces and coffee is grown in the lower western 

part of the district. 

 
Figure 2.5 Photos showing typical tea fields intercropped with Silver oak (left) and terraced vegetable fields (right) in the 
Nilgiris district 

Scheduled Castes, the Badaga community and Scheduled Tribes account for 32.08%, 23-27% 

and 4.46% of the total population of the Nilgiris respectively (Census of India, 2011, 

Hockings, 2012). The remaining ethnic groups are Tamils, Malayali, Kannada or other 

minorities.  
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2.4.3 Communities"of"the"Nilgiris:"livelihoods,"food"security"and"land"use"

practices""

The three main communities (SC, Badaga and ST) are very distinct within the Nilgiris with 

different histories, livelihoods, food security and land use practices. 

2.4.3.1 Scheduled-Tribes--

The Nilgiris is home to over 30 adivasi communities, amongst them some of the least 

developed groups in Southern India, including one of the surviving hunter-gatherer groups of 

the Indian sub-continent (Keystone Foundation, 2007). They represent distinct ethnic groups, 

have small populations and live in geographical concentrations, often distinct from one 

another. Traditionally, most of these communities were cattle herders, agriculturalist or 

hunter-gatherers. They grew mixed crops of millets through the practice of shifting 

agriculture and centred their cultural and husbandry activities in or around forests. The forests 

used to be, and in many cases still are, utilised as a producer of non-commercial commodities 

especially local medicine, food, fuel, fodder, timber and fibre.  

 

After the start of British rule in 1819 the forestland was taken over by the state and the 

ancestral domains of the adivasi communities were not acknowledged, including deified 

forests nurtured as ‘sacred groves’ (Keystone Foundation, 2007). From that time onwards a 

long process of land alienation started and continues to the present day. In 1998 a survey 

carried out by the Keystone Foundation estimated that 39% of the households from the 

Coonoor and Kotagiri sub-districts of the Nilgiris were landless and 49% had less than 0.8 

hectares of land (Keystone Foundation, 2007). In 2010 official data showed that 55% of the 

adivasi families in rural areas are either landless or have less than 0.5 hectares (Department of 

Economics and Statistics, 2017).  

Among those households that own land commercial crops have largely taken over from 

homesteads and marginal lands. The crops cultivated now are tea, coffee, vegetables, paddy, 

banana, ginger, corn and millet. Mixed agriculture has been drastically reduced and is not 

followed as an intensive practice due to climate, geography, lack of funds and access to 

extension services (Keystone Foundation, 2007).  

 

Referred to as ‘ecosystem people’ the adivasi have maintained a lifestyle that did not have 

unsustainable impacts on natural resources (Keystone Foundation, 2007). However, 
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surrounded by more prosperous communities, they often replicated the livelihood practices of 

these communities, which has changed their cultural practices, food, livelihoods and well-

being (Devi and Kumar, 2011, Demmer, 2014). For example, with the introduction of 

plantations adivasi dependence on paid labour on Badagas’ lands increased and more and 

more adivasi people refrained from traditional activities such as non-timber forest products 

collection and agriculture (Hockings, 1989). Similarly slash and burn agriculture and a ban on 

hunting have increased dependence on subsidized ration rice (arisi) and a loss of food 

sovereignty with impacts on nutrition and health (Keystone Foundation, 2007). Some of the 

most commonly reported health problems are anaemia and child bearing problems 

(Ramasamy et al., 1994, Brindha and Prashanthi Devi, 2014).  

2.4.3.2 Scheduled-Caste-

There is a large number of communities that fall under the Scheduled Caste classification 

(Government of India, 2012). In the Nilgiris, the Scheduled Caste is primarily comprised of 

Sri Lankan repatriates that settled in the area after the Indian-Sri Lankan agreements (1964 

and 1974) for the repatriation of almost 1 million stateless persons (Hockings, 2012). The 

Scheduled Caste are mainly landless; with 77% either landless or owning less than 0.5 

hectares (Department of Economics and Statistics, 2017).  

Scheduled Caste represent the main work force in the area. Most work on Badagas’ tea 

plantations, commercial plantations or are employed either permanently or temporarily by 

TANTEA-Tamilnadu Tea Plantation Corporation Limited (TANTEA, 2011). The 

Government of India set up TANTEA in 1975 when it took over from the Forest Department, 

which in 1968 converted vast areas of forest to tea in order to rehabilitate Sri Lankan 

repatriates. Today, about 11,200 people (or 5% of the SC population) work on TANTEA 

plantations. Two members in each family of repatriates are given permanent employment 

besides seasonal work for their dependents (TANTEA, 2011). They live in governmental 

housing and their economic status is somewhat superior to that of the Scheduled Tribes. Like 

STs, the SCs also rely predominately on fuelwood for cooking. 

Although their access to education, health and the availability of improved housing has 

increased since their arrival in the Nilgiris, SC are still facing impoverished livelihoods and 

food security problems (Pritchard and Neilson, 2009). Similar to Scheduled Tribes, the 

Scheduled Caste relies on the benefits of the Zero Hunger Programme introduced in 2011 by 

the government as a scheme that provides access to free rice to all families based on a family 



 70 

card. Additionally, governmental Fair Price Shops allow all members of the community to 

buy basic goods such as oil, flour, sugar or rice at discount prices. 

2.4.3.3 Badagas-

Badagas constitute the largest single ethno-linguistic entity in the Nilgiris district. The origin 

and dispersion of the Badaga in the landscape has been traced back to the sixteenth century, 

but this remains a source of debate to date (Heidemann, 2006). Badagas mainly practice 

Hinduism and continue their original practice of ancestral worship. Traditionally, Badagas 

were tillers and herdsmen that practiced slash and burn agriculture. Now the community 

members have a large variety of livelihoods.  

 

Badagas occupy more than 350 hamlets or hatti across the district and speak Badaga or 

Badagu, a language which has no script (Young Badaga Association, 2015). The community 

is scattered in the entire Nilgiris, but with a higher density in three of the Taluks: Kotagiri, 

Coonoor and Udhagamandalam. Landownership among Badagas is high. About 47% of the 

Badaga households own at least 0.5 hectares of land (Department of Economics and Statistics, 

2017). Unlike most of the households in the other two communities, STs and SCs, Badagas 

have recognised land rights (patta).  

Over centuries the Badagas have maintained a congenial co-existence with the other 

indigenous groups, but their villages are still exclusive. Badagas villages typify the position of 

their inhabitants in the lower rungs of rural India with housing that is sturdy and well 

equipped, including with washing machines, new foam beds, and electric mixers. Cooking is 

performed with gas, kerosene or fuel wood (Pritchard and Neilson, 2009). Because of the 

large number of Badagas and the extent to which they own land (with property rights) they 

represent the main community of focus for this study.  

 

After the British came to the Nilgiris, it was Badagas who took to change and modernity. Tea 

was initially cultivated by the British land owners, but with India’s independence in 1947 and 

the increase of tea prices in the 1960s many of the Badaga communities stopped working as 

labourers on the surrounding estates and gradually gave up their fruit gardens, grain 

cultivation and cattle farming in favour of tea and vegetable cultivation (Hockings, 2012). 

Diverse agricultural land and pastures were soon converted to cash crop monocultures. The 

attraction of tea was not only prompted by its financial value but also by its ease of 
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management, the fact that it is a perennial crop, with continuous yields throughout the year, 

and a constant flow of income (Pritchard and Neilson, 2009).   

For several decades tea plantations continued to expand and the economic prosperity brought 

by tea plantations improved the livelihoods of the Badagas. This was reflected in better 

housing, infrastructure development, and access to education (Bandhu, 2017). However, their 

diet diversity reduced as lowland rice and foods from local markets and shops replaced grains 

such as millets, raghi and wheat that were once produced in the area along with mixed 

vegetables grown on their own farms and dairy products coming from personal livestock 

(Young Badaga Association, 2015). One dietary aspect that distinguishes Badagas from the 

other two communities is that they are predominantly vegetarian. 

 

At the turn of the twenty-first century, the Nilgiris had 60,389 tea smallholders (mainly 

Badagas) that contributed some 40% of total South Indian tea production. 86% of them grew 

no other crops except tea (Tea Board of India and UPASI, 2001). Since then, horticulture and 

floriculture have been growing fast, but tea remains the dominant crop.  

A decrease in tea production that started after the late 1990s coincided with a tea price crisis 

between 1998 and 2002 when South India lost its main buyer, Russia. From then on South 

Indian tea prices have been in free fall whilst the higher-quality North Indian teas have been 

less exposed to these problems due to different market strategies (Sanjith, 2004). What 

followed was a spiralling effect that forced the Badagas into an economic crisis. In trying to 

reduce the cost of production essential field practices such as regular pruning, application of 

fertilizers and pest and disease management were often abandoned with important 

consequences for the productivity and the quality of the tea. Moreover, in their desperate need 

to make up lost income, the felling of shade trees for sale as timber has become common, 

again with implications for the future productivity of tea gardens (Pritchard and Neilson, 

2009). Environmental conditions including declining soil fertility and water scarcity, along 

with an aging of plantations decrease yields further (Sahoo and Muralidharan, 2017). 

Subsidies offered by the Forest Department for tree saplings for intercropping or by the Tea 

Board and UPASI to cover the costs of pruning and tea saplings, were not sufficient enough 

to compensate the cost of production.  

The heavy reliance on tea meant that most households were faced with a decrease in their 

standard of living (Bandhu, 2017). In this period the price of tea fell 50% and it was estimated 

that it generated a drop in smallholder income of around 83%, with incomes making a minor 



 72 

addition to material-livelihoods and food security (Pritchard and Neilson, 2009). Like the 

other two communities, the Badagas now have to rely on governmental programmes to ensure 

minimum food security. Households requiring urgent cash would pawn their gardens for an 

average fee of $1,100 for three years. If after three years they can’t repay the debt, the pawn-

holder would work the fields for a further three years, after that it would be sold if the debt 

were not returned. In one of the areas surveyed in the Nilgiris it was estimated that 10% of the 

local smallholders have been forced into such arrangements since the onset of the tea crisis 

(Pritchard and Neilson, 2009). 

Although the Tea Board reported that in 2006 the number of tea smallholders dropped by 

about 10,000 (to 50,329), many Badagas live with the hope that tea will once again bring 

prosperity to the Nilgiris (Venugopal, 2004). Thus, the view of the future landscape is one of 

high controversy. The dependency on a declining tea market may continue to push producers 

into a financial crisis, decrease food security, boost outmigration and pressure natural 

resources. Alternatively new livelihood substitutes may be proposed in time to overcome 

these threats. The price the natural habitat and biodiversity will have to pay and who will win 

and lose and who has greater power to take decisions in the landscape remain undefined.  

 

2.4.4 Land"use"change"and"drivers"of"change"
Prior to the first incursions by the colonial British in 1819, the Nilgiris was blanketed in 

primary forest known as shola and vast areas of grasslands. Though occasionally found at 

altitudes as low as 1050 m, the shola-grassland ecosystem mosaic is generally representative 

for landscapes of 1700 m or more and consists of rolling grasslands with shola fragments 

restricted to sheltered folds and valleys in the mountains separated from the grasslands with a 

sharp edge. Since sholas frequently have persistent cloud cover they can be classified as upper 

or lower montane cloud forest, depending on their elevation (Bunyan et al., 2012). The first 

records of land use cover date from 1849 (Table 2.3) and refer to the Nilgiris Biosphere 

Reserve. They show that grasslands covered the majority of the landscape whilst sholas and 

cultivation land covered 17% and 22% of the area respectively.  
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Table 2.3 Comparison of the different types of vegetation in the Nilgiris Biosphere Reserve between the years 1849 and 
1992. The table does not include all types of land uses and land covers of the landscape, but only those for which information 
was available. Source: Ministry of Environment and Forest, 2015 

Vegetation 
Type 

1849 1992 
Size  
(ha) 

Percentage of 
vegetation type 

Size  
(ha) 

Percentage of 
vegetation type 

Sholas 8,600 17 4,225 9 
Grasslands 29,875 61 4,700 10 
Cultivation 10,875 22 12,400 26 

Tea 0 0 11,475 24 
Wattle 0 0 9,775 20 

Eucalyptus 0 0 5,150 11 
 

The history of change from traditional cropping to the newer commercial cash crops of tea, 

coffee and vegetables began in the 1820s when the British first introduced vegetables. The 

Badagas, in the plateau area of the Nilgiris took to the cultivation of potatoes, beans, 

cauliflower, cabbage and carrots on a large scale. Coffee was also introduced on the slopes of 

the hills in 1838 (Keystone Foundation, 2007). This was the zone where the adivasi 

communities lived and they soon spread the crop within the forested lower zones. The main 

coffee plantations were in the west region of the district but some also occurred on the eastern 

slopes. Coffee soon became an integral part of the homesteads of tribal people and a popular 

beverage but due to climatic conditions it never expanded to the same extent as tea.  

 

Over the past century much of the primary forest vegetation within the region has been 

replaced by plantation crops (mostly tea), wetlands have been converted into vegetable fields 

and commercial monoculture forests, especially eucalyptus (Eucalyptus sp.) and wattle 

(Acacia dealbata and Acacia mearnsii), have replaced the original, multispecies habitats 

within high altitude wilderness zones. By 1992 the grasslands had reduced by 85% compared 

to 1849 and the sholas reduced by more than a half, with tea accounting for the single largest 

cause of deforestation (Table 2.3). A recent study (Satish et al., 2014) provides insight into 

the pattern of forest cover change that occurred in the Nilgiris Biosphere Reserve between 

1920 and 2012 (Figure 2.6).  
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Figure 2.6 Spatial forest cover change of Nilgiris Biosphere Reserve: 1920–2012. Source: Satish et al., 2014 

Nilgiris district 
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During this period the total forest area of the biosphere reserve reduced by 24.5% from 

5,806.5 km2 (93.8 % of total geographical area) to 4,382.9 km2. Grid wise analysis, where a 

grid cell is 1 km x 1 km, indicates that 851 grids have undergone large-scale negative changes 

of >75 ha of forest loss during 1920–1973 while, only 15 grids have shown >75 ha loss 

during 1973–1989. The average annual rate of deforestation for the period of 1920 to 1973 

was estimated at 0.5% whereas between 1973 and 1989 it was 0.1%. The reduction in 

deforestation in the second period is attributed to an increase in the degree of forest protection 

that followed from the declaration of the area as a biosphere in 1986 (Kumar and 

Bhagavanulu, 2008,  Satish et al., 2014, Kumari, 2015). 

 

The different studies conducted in the Nilgiris Biosphere Reserve or the Nilgiris district show 

differences in the most recent LULC data and in the patterns of change over time (Figure 2.7-

Figure 2.9; Table 2.4). Some of the variation between the studies is the result of different: 

definitions used for the land use classes, Landsat data used or the different collection and 

analysis methodology. Based on personal observations during fieldwork, the state institutions 

or local NGOs do not trust the outcomes of these maps. At the same time they could not 

provide maps that they consider representative of the reality in the field. In an attempt to 

compare the outcomes of the different maps I found that the definitions used to outline the 

different land use classes are missing or are often too loose to allow comparison. Instead I 

have focused on the common narratives that the stakeholders agreed on, such as: deforestation 

has reduced in the last three decades, an increase in the forested area has been observed 

mostly from commercial monoculture forests and the tree species variety has reduced in the 

primary forests. Given the low commercial value of tea, which reduced the pressure on forest, 

and the increase in forest cover, Nilgiris does not represent a typical frontier landscape. 

In the next section I will look at some of the similarities and differences between the LULC 

studies and official data.  
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Figure 2.7 Classified map showing vegetation types and LULC of Nilgiri Biosphere Reserve, 2012. Source: Satish et al., 

2014 

 

Nilgiris district 
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Figure 2.8 Land use and land cover of the Nilgiris district, year 2009.  Source: Lakshumanan et al., 2012 

 

 

 

!
Figure 2.9  Land use and land cover of the Nilgiris district, year 2010.  Source: Nalina et al., 2014 

!

!
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For example, between 1973 and 2009 the forest cover was reported to have increased from 

41.4% to 53.8% (Table 2.4; Lakshumanan et al., 2012). After 2013 official data reported that 

the forest cover reached 56% (Table 2.4; Horticulture Department 2013,  Department of 

Economics and Statistics, 2017). These data are however contested by Nalina et al., 2014, 

which estimated the forest cover to be less than 40% (Table 2.4). 

Over the same time period (1973 - 2009) the land allocated to tea plantations and agriculture 

has decreased, so that in 2009 they occupied 17.2% and 11.3% of the LULC respectively 

(Table 2.4; Lakshumanan et al., 2012). Similar sizes have been reported in the official data for 

the year 2016 (Table 2.4; Department of Economics and Statistics, 2017). The other two 

studies (Horticulture Department 2013, Nalina et al., 2014) show significantly different 

percentage LULC, particularly for agro-horticulture plantations (Table 2.4). Comparison 

between the two LULC maps of the Nilgiris district (Figure 2.8, Figure 2.9) also show there is 

very little agreement in terms of the type of forests present in the north and the distribution of 

tea and agro-horticulture plantations throughout the entire landscape.  
Table 2.4 Land use and land cover in the Nilgiris district. Comparison between different data sources.  

    

Lakshumanan et al., 2012 Nalina et al., 
2014 

Department of 
Economics and 
Statistics, 2017 

Horticulture 
Department, 
2013 

No. 
Land use and 

land cover 
(LULC) class 

Area (km2) Percentage of 
LULC 

Percentage 
difference 
between  

Percentage 
of LULC 

Percentage of 
LULC 

Percentage of 
LULC 

1973 2009 1973 2009 2009 and 
1973 2010 2016 2013 

1 

Forest (total) 1055.1 1373.5 41.4 53.8 12.5 38.33 56 56 

Dense forest 656.9 993.3 25.8 38.9 13.2 18.48 - - 

Open forest 67.3 116 2.6 4.6 1.9 12.47 -  -  

Mixed forest 248.3 239.7 9.7 9.4 -0.3 7.38 - - 

Forest blank 82.6 24.4 3.2 1 -2.3 - -  -  

2 Forest 
plantation 469.2 305.4 18.4 12 -6.4 -  -  - 

3 Tea plantation 483.5 437.6 19 17.2 -1.8 16.71 18 21 

4 
Agro-
Horticulture 
plantation 

400.7 288.6 15.7 11.3 -4.4 7.68 12.1 2.2 

5 Settlement 7.5 44.3 0.3 1.7 1.5 6.05 -  - 

6 
Waterbody/ 
Lake/ 
Reservoir 

32.9 29.3 1.3 1.2 -0.1 2.65 -  -  

7 Land with 
scrub 40.2 47.7 1.6 1.9 0.3       

8 Barren rock/ 
Stony waste 34.3 3.5 1.3 0.1 -1.2       

9 Industrial/ 
Mining area 2.9 1.5 0.1 0.1 -0.1       

10 Land without 
scrub 25.3 20.4 1 0.8 -0.2       
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Personal discussions with the Forest Department favoured the Lakshumanan et al., 2012 

results over the other sources, but there is still a great deal of ambiguity in the LULC maps of 

the Nilgiris. While these contradictions remain, there is agreement that the shola forests and 

grasslands continue to be affected by illegal and select cutting of valuable species including 

teak, sandalwood or rosewood. Additionally slash-and-burn practices, over-grazing, fires, 

landslides and the intensive use of pesticides and fertilizers place additional pressure on shola 

forests (Settle, n.d.). The Forest Department played and continues to play an important role in 

their conservation.  

 

The!role!of!the!Forest!Department!

Historically, the Forest Department (FD), the main state-based conservation agency in India, 

has played a double role in the conservation of native habitats and biodiversity. On one hand 

the designation of protected areas prevented further forest encroachment and the maintenance 

of vast areas of native shola forests where hunting was strictly prohibited and punished under 

criminal law. On the other hand the institution was responsible for clearing of vast areas of 

forest to allow for expansion of tea with the arrival of Sri Lankan Tamils. The FD was also 

responsible for the introduction and promotion of exotic species including Silver Oak and 

wattle that gradually replaced or diminished native tree cover (Kumari, 2015).  

Furthermore, the changes brought by conservation acts and policies have had an impact on 

human-nature relationships. Firewood collection once common in the area is now prohibited 

by the Forest Department, which has started to impose fines. The group that has been mostly 

affected by changing forestry policy is the tribal community, which lost their forest tenure 

rights leading to a breakdown in community governance systems (Keystone Foundation, 

2007).  

 

Today the Forest Department represents one of the major suppliers of non-native Sliver Oak 

saplings, used mainly for tea intercropping. Additional jungle wood nurseries are used for 

forest restorations and projects that look into how native trees could be just as successfully 

introduced in plantation crops (Nath et al., 2011). These could offer more sustainable and 

biodiversity-friendly alternatives to the current practices promoted by the FD. 
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2.5 Current threats to the environment and Interventions in the 

landscape 

2.5.1 Current"threats"
The current threats faced by the Nilgiris Biosphere Reserve are similar to the ones in the 

wider landscape of Western Ghats (Table 2.5).  
Table 2.5 Current threats to the environment in Western Ghats and those specific to the Nilgiris Biosphere Reserved (NBR) 
marked with ‘X’. Source: Daniels, 1996, Bawa et al., 2007, Kumari, 2015 

Threats identified in Western Ghats Protected Areas Threats identified in NBR 
Local hunting X 
Illegal timber felling X 
Presence of exotic and invasive species X 
Fuelwood/Fodder removal X 
Conflict with large wildlife and retaliation X 
Livestock grazing X 
Medicinal forest plants collection X 
Non-timber forest products collection X 
Tourism X 
Fire X 
Encroachment X 
Organized poaching and animal trade  
Highways and roads X 
Presence of enclosures  
Plantations X 
Transmission lines (power/telecom) X 
Power and irrigation projects X 
Cultivation of Marijuana  
Leaf litter collection  
Mining and ancillary activities  
Logging by state, including of dead and fallen wood X 
Water scarcity X 

 

NBR experiences high incidences of human wildlife conflict (Thomas, 2005). Important 

drivers of conflict include crop and infrastructure damage and human mortality by elephants 

and domestic cattle predation by leopards (Panthera pardus). Human wildlife conflict is 

especially prevalent in areas where people have encroached on forested land or have been 

allocated private land in the middle of the forest.  

 

Intensive felling of native trees is another regional problem (Kumari, 2015). The influx of 

people in the landscape in the last century continues to put pressure on the local forests and in 
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turn destroys the habitat of species like the Nilgiris wood pigeon  (Columba elphinstonii), 

Nilgiri pipit (Anthus nilghiriensis) and Nilgiri langur (Trachypithecus johnii) that are endemic 

to this region and have become highly endangered.  

Furthermore, the extensive tea monocultures along with excessive use of fertilizers have 

degraded the soil quality. The tea bushes require frequent application of fertilizer, which has 

made the soil porous. During heavy rain, these slopes are easily washed away resulting in 

landslides (Kumar and Bhagavanulu, 2008). 

 

Water scarcity in the landscape has been widely reported and it has been linked to the 

introduction of the eucalyptus in the landscape by the Forest Department (Daniels, 1996). The 

Central Soil and Water Conservation Research and Training Institute carried out research 

showing that eucalyptus absorbed enormous quantities of subsoil moisture. 

Although the livestock population inside the NBR is very low, the livestock population in the 

periphery is very high and the sholas and high value biodiversity grasslands are used as 

grazing sites. The unintended consequences are degradation of low and high level grasslands, 

which harbour a large number of endemic species along with soil erosion and micro climatic 

changes in shola forests (Thomas and Palmer, 2007). Additional pressure on the forest is 

exercised by an increasing rate of Non-Timber Forest Products (NTFPs) collection. The 

collection of these products is becoming less sustainable, leading to low populations or 

sometimes the disappearance of species from the area (e.g. medicinal plants such as Saraca 

asoka). The different set of rules applied in each state (Tamil Nadu, Karnataka and Kerala) 

opens opportunities for trans-border transactions in order to avoid the regulations (Keystone 

Foundation, 2007).  

 

Finally, the NBR is also an important tourist centre in South India, attracting a large number 

of tourists. Numerous hotels, clubs, resorts, gardens and roads have emerged rapidly, 

degrading the natural vegetation, overexploiting water resources and polluting the 

environment (Venugopal, 2004, Kumari, 2015).  

2.5.2 Synopsis"of"current"interventions"in"the"landscape""
In order to address some of the challenges identified in the landscape various interventions 

and strategies have been proposed and/or implemented. The type of interventions should be 

understood in the context of the wider landscape of Western Ghats, which, as one of the 

world’s biodiversity hotspots, attracts significant funding and conservation interest.  
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Western Ghats has an exceptionally high density of conservation-related interventions funded 

by donors and implemented by institutions and organisations, such as:  

i) The government, through its agencies (e.g. Ministry of Environment, Forest and 

Climate Change); 

ii) Multilateral and bilateral donor agencies (e.g. The World Bank Group, GEF, Asian 

Development Bank, Australian Agency for International Development, UNDP, DFID, 

U.S. Agency for International Development) 

iii) Research institutes (e.g. Tropical Botanic Garden And Research Institute, Indian 

Institute of Science, Mysore and Pune University, Pondicherry University)  

iv) National NGOs (e.g. Asian Nature Conservation Foundation, Keystone Foundation, 

Foundation for Ecological Research, Advocacy And Learning, Center for Wildlife 

Studies, Nature Conservation Foundation, ATREE) 

v) International conservation NGOs (e.g. Ford Foundation, WCS, BirdLife International 

and Rainforest Alliance).  

These groups often work together or fund each other, so there are lots of overlaps between 

them. 

With such a diversity of actors in the landscape there are few types of conservation 

interventions that the Western Ghats landscape has not experienced first hand (ATREE and 

CEPF, 2013). The interventions range from purely nature-centred (ecological programmes) to 

human-centred ones (livelihoods projects), they employ both monetary (e.g. payment for 

ecosystem services, certification schemes) and non-monetary (e.g. sacred groves) incentives, 

they have funds that range from thousands to millions of dollars, and whilst some focus on the 

wider landscape (e.g. landscape corridors) others focus on more local environments (Bawa et 

al., 2007). Interventions that occur in Western Ghats focus both on strengthening the 

conservation of protected areas as well as biodiversity in the adjoining unprotected areas 

(ATREE and CEPF, 2013). 

This section focuses on a small number of agricultural and conservation-related interventions 

that have been proposed, or are being undertaken in the landscape with the intention of 

driving changes in land use. The aim is to provide an overview of the diversity of 

interventions encountered in the landscape. Where relevant, parallels are drawn with LS/LS 

approaches. 
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Implementer: The Ministry of Environment and Forests 

Intervention: Madahav Gadgil Panel for Western Ghats Ecology Expert Panel (WGEEP) and 

Kasturirangan Panel for High Level Working Group (HLWG) 

 

WGEEP has studied the impact of population pressure, climate change and development 

activities on the Western Ghats and proposed to turn the entire Western Ghats region into an 

Ecologically Sensitive Area with three categories of protection regimes and listed activities 

that would be allowed in each, based on the level of ecological richness and land use. The 

Gadgil panel proposed to put in place a blanket ban on all activities which may have harmed 

or will harm the environment including: a ban of pesticide use, a ban on genetically modified 

crops, decommissioning hydropower projects and a gradual shift from plantation to natural 

forests (Ministry of Environment and Forests, 2011). Deemed out of line with on the ground 

realities, the report was followed by the HLWG, which aimed to relax the recommendations 

of WGEEP. As a result the Kasturirangan panel focused on how to protect remaining 

ecological richness and environments untouched by human activities. The Kasturirangan 

panel removed many of the restriction imposed by the previous panel and in doing so it was 

criticised for being anti-environmental (Ministry of Environment and Forests, 2013, Shanavas 

et al., 2016).  

The suit of measures proposed by the panels would create landscapes that resemble forms of 

both land sparing (through land use zoning) and land sharing (through encouraging forms of 

wildlife-friendly practices in agricultural areas adjacent to ecologically sensitive areas). It is 

expected that without the consultation of direct beneficiaries the recommendations are going 

to be met with resistance by local farmers. 

Implementer: The Government of India (MoEF, 1988) 

Intervention: Joint Forest Management (JFM) 

A long running government program that offers fiscal incentives to local communities to 

protect and manage regenerating forests on their private lands. Although schemes vary from 

state to state, usually a village committee known as the Forest Protection Committee and the 

Forest Department enter into a JFM agreement. Villagers agree to assist in the conservation of 

forest resources through protection from fire, grazing, and illegal harvesting in exchange for 

which they receive NTFPs and a share of the revenue from the sale of timber products.  
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Implementer: ACCORD (ACCORD, 2017) 

Intervention: The role of sacred groves in biodiversity conservation 

This intervention is led by a local NGO and it is centred on tribal communities. It aims to 

understand, document and promote recognition of the role of sacred groves in biodiversity 

conservation. Additionally, it supports the adivasi communities to claim community forest 

rights under the Forest Right Act (FRA) of 2006 and strengthen the capacity of these 

communities to conserve forest resources. The FRA refers to land rights restitution to tribal 

communities.  

 

Implementer: Foundation for Ecological Research, Advocacy and Learning (ATREE and 

CEPF, 2013) 

Intervention: Sustainable Agricultural Practices 

The local NGO promotes the adoption of sustainable land use practices in rubber plantations 

by developing local indicators for certifying rubber products that comply with global 

standards and respect local tradition. Additionally they provide guidance to rubber plantation 

managers about priority actions needed to achieve certification. This intervention resembles 

land sharing at farm level.  

 

Implementer: Nature Conservation Foundation and Rainforest Alliance (RA) (ATREE and 

CEPF, 2013) 

Intervention: Sustainable Agriculture Standard 

The partnership between a national and international organisation aims to promote a market-

based approach to enhance ecological connectivity and introduce Rainforest Alliance 

‘Sustainable Agriculture Standard’ into coffee and tea estates in order to promote sustainable 

agricultural practices that resemble forms of land sharing on the farm.  

 

Despite their proliferation, evidence of the interventions’ impact on sustainability and the 

perception of the beneficiaries of the interventions is limited. So far, data suggest both 

positive and negative reactions and consequences. For example, the High Level Working 

Group has been highly controversial. Once the report was out the government initiated steps 

to implement its recommendations and declared 4,156 villages in six States (Goa, Gujarat, 

Karnataka, Kerala, Maharashtra and Tamil Nadu) as Ecologically Sensitive Areas with the 

intention to impose restrictions of certain land use practices in all these villages. This 
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bureaucratic step provoked widespread resistance and protest actions from the local 

population, which continue to escalate (Shanavas et al., 2016, Haneef, 2017). In another 

example, Bose et al. (2016) found that the experience of coffee growers that participated in 

RA certification has been one of business-as-usual thereby leading to a growing discontent 

with conservation measures. The Joint Forest Management programme was deemed 

inadequate largely as a result of ineffective and undemocratic institutions that implement 

these programs (ATREE and CEPF, 2013). 

Other examples from Western Ghats show how responses to interventions have been 

motivated by the perceived justice and injustice surrounding them and that those proposing 

more inclusive forms of governance in terms of participation in decision-making have been 

associated with better conservation outcomes and satisfaction among beneficiaries (Martin, 

2017). This shows the growing need to facilitate a more coordinated and collaborative 

approach between policy makers, implementers and beneficiaries in order to achieve the 

intended aims.   

 

The next section is taking a closer look at the forest-agriculture relationship that led to the 

current interventions in the heart of the study area, the Nilgiris district.  

 

 

Understanding!the!forest0agriculture!relationship!and!interventions!in!Nilgiris!

district!

The Nilgiris forest-agriculture relationship has been shaped over time by a series of public 

policies that have defined land ownership and access rights and the purpose specific lands 

should be put to. It is only in the more recent history, after 1990, that non-state actors have 

started to play a more important role in influencing this relationship. This section will provide 

a brief overview of how the forest-agriculture relationship changed over time and its impact 

on local communities as a result of state interventions. The section will conclude with an 

overlook of the current interventions in the Nilgiris district. 

Pre-British period the divide between primarily forest-dependent communities and 

agriculture-dependent communities was not straightforward. While Irulas and Kurumbas grew 

crops such as bananas, chilies, citruses and edible roots on land near their homes they also 

used to clear the forest and practice swidden agriculture in order to grow millet varieties. At 
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that time, forests constituted ‘open access’ resources that met multiple needs of almost all 

communities.  

The arrival of British stemmed an ample change to the landscape resulting from the 

introduction and expansion of cash crops such as tea and coffee, paired with new law 

enforcement. The Revenue and Forest Department’s jurisdictions were to assess existing 

cultivated lands and demarcate forests and settling rights of communities that might have 

claim to forest lands. Given the ambiguous border between what constituted agricultural 

fields and forests, for many agrarian communities the process of forest reservation resulted in 

significant hardship. A number of practices were banned, including the felling of trees, the 

cutting of branches and shifting cultivation, all of which impacted communities dependent on 

fuelwood or agriculture within forests. For the adivasis their life in the forest became illegal. 

Shola forests and grasslands became reserved areas under the Madras Forest Act of 1882 and 

the felling of trees was banned. This, however, did not prevent the expansion of tea 

plantations into forestland. The Forest Department also extended its jurisdiction to trees on 

private lands and as a result cultivators were discouraged to grow trees on private lands. 

Another important aspect of this state-driven change is that unlike in the plain areas, social 

forestry (forested areas that meet the needs of communities outside of the reserved forests) 

was trivial. Almost all non-forest lands were under cultivation, leaving little land available for 

private plantations.  

Post-independence several other important changes, that influenced the forest-agriculture 

relationship and consequently the interventions that derived from there, occurred or mirrored 

colonial policy. Most notable was the continued need for timber extraction, which led to 

cultivation of exotic tree plantations by the FD. After 1970 water scarcity problems 

particularly associated with eucalyptus plantations shifted the FD’s priority towards the 

conservation of the local forests. By this time the use of forest products for most of the 

communities has already been restricted. Since then, fuelwood and fodder needs have been 

met from small private holdings or estates. Tea bushes have represented very common 

sources of fuelwood throughout the region as well as branches of silver oak intercropped in 

tea and coffee plantations.  

This history has important implications for understanding the type of forest-agriculture 

interventions that proliferated in the Nilgiris landscape. Based on personal observations the 

interventions fall primarily under two categories. The first category targets the livelihoods of 

adivasi communities and their rights and relationship with local forest. Both state and non-
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state actors play an important role. For example, local authorities (Forest, Revenue and Tribal 

Welfare departments) are responsible for screening and approving the resolutions that aim to 

restitute forest rights to tribal communities under the Forest Right Act (FRA) of 2006. The 

restitution of rights will give adivasi the right to self-cultivation, pastoralist activities and use 

of NTFPs among other freedoms. This law is widely contested. On one hand there are 

supporters of adivasi rights and those that see an opportunity for more sustainable 

conservation of the forest, while on the other hand opponents of the law consider that the 

restitution of rights will lead to forest destruction. In parallel, non-governmental organisations 

have also engaged with adivasi communities. For example, Keystone Foundation has focused 

on a livelihoods-conservation-enterprise model. Adivasi are encouraged to continue 

sustainable traditional agriculture and NTFP harvesting processes and the organisation helps 

them sell a part of their products (e.g. millets, honey, gooseberry, nuts) on the local markets, 

through specialised shops. To diminish the HWC generated by cultivation of crops in the 

forests, World Wide Fund for Nature NGO has trialled the use of electric fences to prevent 

elephants raiding the agricultural plots of one adivasi community.    

The second category of interventions is dominated by state actors and focuses on tea 

cultivation. Given land ownership in Nilgiris, the Badagas are the main recipients of these 

interventions. Institutions such as the Hills Development Programme, Tea Board, the 

Horticulture Department, The United Planters’ Association of Southern India (UPASI) and 

the Forest Department have implemented a suite of interventions that aim to increase 

productivity on the farms or make tea cultivation more biodiversity friendly through the use 

of organic manure and tree intercropping with Silver Oak. Details of the intervention or 

policy under each institution are presented in Section 4.3.7.3. The type of interventions 

promoted by these institutions appears to focus more on increasing tea productivity or farm 

profitability with limited environmental benefits. For example, the FD is providing exotic 

trees saplings for tea intercropping, completely disregarding the native jungle wood varieties. 

Furthermore, the institutions continue to treat the relationship between agriculture and forest 

in isolation, disregarding the multifunctionality of the landscape and its livelihood 

implications. Thus, there is great scope for future programmes to move beyond these 

limitations and propose new and more integrated approaches.  
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2.6 Conclusions  
India is a populous democracy with high levels of poverty and an economy that continues to 

rely primarily on the agricultural sector. The rapid growth of the economy threatens its most 

biodiverse habitats, including the Western Ghats landscape. With an agricultural history that 

spans at least 2,000 years, the Western Ghats landscape has been significantly, but not 

completely converted from native vegetation to other types of land use, with plantation crops 

playing a major role in this transformation. A tea-growing region situated at the heart of the 

Western Ghats landscape, the Nilgiris is representative of the wider landscape and an ideal 

location for addressing the research aims of this study due to its need to reconcile agricultural 

production with biodiversity conservation while considering the food security and livelihoods 

of one of the most impoverished communities. 
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Chapter 3 
 

Methodology  
Companion Modelling  

 

3 "

3.1 Summary of methodology and methods 
This chapter explains the methodological strategy undertaken to collect and analyse primary 

data and justifies these choices against other plausible approaches. The study makes use of 

both quantitative and qualitative data and has three main stages in data collection and 

analysis, dictated by the research questions.  

 

In the first part of the study, data were collected to enable the description of the local 

environment, a characterization of the farming systems and land use, and that of local 

livelihoods and food security. These data were supplemented by the construction of a library 

of what-if scenarios to add further depth in understanding how households might respond to 

possible future scenarios including the introduction of land use interventions. A range of 

methods were utilised for primary data collection in this part of the study, including: key 

informant interviews, in-depth household surveys and focus groups. Secondary data from 

literature reviews and local organizations’ archives were used to triangulate and enrich the 

findings of primary sources. Data analysis included frequency tables, univariate analysis, 

multivariate statistical analysis and regression models.  

 

Participatory methods were used to identify feasible LS/LS interventions in a real-world 

landscape. The aim was to assess if stakeholders that play a key role in the success of a land 

use policy could reach consensus on potential LS/LS strategies in a given landscape and if so 

how these strategies would look. Mapping key stakeholders was followed by participatory 

workshops and stakeholder interviews to allow the proposal and negotiation of different land 

use policies. This process was aided by the co-development of a role-playing game (RPG) 

intended for the beneficiaries of the land use strategies. The RPG was conducted in day-long 

sessions and was used to:  
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i) Increase knowledge and understanding of direct land users (farmers) decision-

making;  

ii) Observe how the policies proposed by stakeholders could translate into practice;  

iii) Provide information on the land use processes that occur in the landscape and the 

factors that might prompt farmers to adopt or reject different land use policies.  

Alongside data from the first phase of the research, the outcomes of the RPG were used to 

develop a computer simulation model, known as an agent-based model (ABM). The 

simulation was designed to reproduce the landscape dynamics observed during the RPG and 

project them into a decades-long timeframe under the different policy scenarios proposed by 

the stakeholders. The model offered insight into the potential adoption of the different policies 

at landscape level and their environmental, production, livelihoods and food security 

outcomes.  

 

The combination of methods used in this study is associated with a trans-disciplinary 

participatory modelling approach referred to as Companion Modelling (ComMod). By 

combining qualitative and quantitative methods it provides the benefits of both approaches: 

the robustness of quantitative results and the depth and richness of qualitative interpretation.  

 

This chapter begins by outlining and justifying the choice of the overarching methodology 

used in this research, the ComMod approach (Section 3.2), and the research design with three 

stages, referred to as ComMod loops (Section 3.3). It then goes on to give details of the 

methods used to collect and analyse data under each of the ComMod loops: land use and 

socioeconomic household profile data (Section 3.4), the development and implementation of a 

RPG (Section 3.5), and the development and implementation of an ABM (Section 3.6).  

The methods for data collection and analysis introduced here are further complemented by 

specific information under the relevant chapters.  

3.2 The choice of Companion Modelling methodology 
It is generally agreed that better decisions are implemented with less conflict and more 

benefits for biodiversity conservation when they are driven by stakeholders in participatory 

processes (Redpath et al., 2013). Yet the efficiency of the participatory process depends on 

social interactions between the stakeholders, their ability to communicate and exchange 

information, and the skills and methods that can assist them in doing so (Voinov and 
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Bousquet, 2010). Over the last decade there has been a proliferation of stakeholder 

engagement methods (Reed, 2008), with participatory modelling accounting for an important 

segment (Voinov et al., 2016).  

The term participatory modelling describes the use of modelling in support of a decision-

making process that involves stakeholders. Many studies have stressed the benefits of 

stakeholder participation in environmental modelling, including: increased natural resources 

management legitimacy and effectiveness, increased sense of ownership of the decision 

process and more chance that new proposed policies are ultimately accepted (e.g. Zorrilla et 

al., 2010,  Röckmann et al., 2012, Carmona et al., 2013). Furthermore, participatory 

modelling contributes to more structured discussions between stakeholders and scientists 

about uncertainties, and it advances scientific understanding and collective learning (Lamers 

et al., 2010).  

In the context of the current research, the impact of agriculture on the environment has largely 

been dealt with reactively (Balmford et al., 2012) and advocates of the LS/LS framework 

have promoted policies in a top-down approach (Phalan et al., 2016) disregarding 

stakeholders’ diverse interests. The main values of participatory modelling lie in: i) creating 

models that are better adapted to local contexts, ii) engaging actors in exploring potential land 

use polices in a bottom-up way, and iii) assessing ex ante the impact of policies on 

agriculture, biodiversity and local livelihoods; thus assessing the effectiveness of such 

policies from an early stage (Bontkes and Keulen, 2003, Happe et al., 2006, Doglioni et al., 

2009, Lee et al., 2014).  

 

Some of the most commonly utilised participatory modelling tools available in the literature 

are Group Model Building (Andersen et al., 2007), Mediated Modelling (van den Belt, 2004), 

Collaborative Learning (CL, 2017) and Companion Modelling (Barreteau et al., 2003, 

Etienne, 2010). In many cases the differences between these strategies are quite subtle but in 

essence they tend to be doing relatively the same things (Voinov and Bousquet, 2010). This 

study favours Companion Modelling (ComMod) because it is versatile with different software 

platforms, is increasing in popularity, has a widespread and active support community, and a 

ComMod core team that provides regular trainings and meetings for researchers.  
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3.2.1 Definition""
Companion Modelling or ComMod has been formulated since the mid 1990s, by researchers 

from Centre de Coopération Internationale en Recherche Agronomique pour le 

Développement or CIRAD (France). It belongs to a family of trans-disciplinary participatory 

modelling approaches used to support and accompany collective decision-making processes 

(Groot and Maarleveld, 2000; Ramirez, 2001, Borrini-Feyerabend et al., 2004). ComMod 

involves the co-construction, and use with stakeholders, of a model representing the 

functioning of their socio-environmental system (D’Aquino et al., 2002, Barreteau et al., 

2003, Becu et al., 2006). Further, it allows stakeholders to evaluate different scenarios of 

interest (Etienne, 2010). In doing so it facilitates collective information sharing and learning 

and it is hypothesised that it produces a model better fitted to stakeholders’ needs and, 

consequently, is of more use (Barreteau et al., 2003).  

The development of a model typically follows an iterative methodological process that 

alternates between complementary field and desk-based activities. It typically entails two 

objectives: to understand a complex and uncertain social and environmental system by 

investigating their interactions and, to support negotiation and collective decision-making in 

managing common resources (Barreteau et al., 2003). The two aims are complementary and 

are not mutually exclusive, as the first objective needs to be fulfilled before proceeding to the 

second.  

ComMod processes usually make use of synergies between two key mediating tools: RPGs 

and ABMs (Barreteau and Abrami, 2007, Etienne, 2010). ComMod encourages the mutual 

and interactive participation of stakeholders during the design, implementation, calibration 

and validation steps of the models, as well as exploration of possible scenarios.  

3.2.2 Application"
The approach has been tested over the last 17 years (Figure 3.1) and it is increasingly being 

used across diverse domains (Figure 3.2) with a focus on social, environmental and computer 

sciences.  
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Figure 3.1 Chart showing the number of Companion Modelling publications per year since the first Companion Modelling 
publication, Barreteau et al. (2003). Source: Scopus (keyword search “Companion Modelling”, November 2017) 

Figure 3.2 The approximate number of Companion Modelling studies published by subject area since 2003 Source: Scopus 
(keyword search “Companion Modelling”, November 2017) 

Globally a broad range of topics that have been addressed using ComMod approach. Some of 

the studies have looked at: integrated renewable resources management (Ruankaew et al., 

2010), social agro-ecological systems in Thailand (Naivinit et al., 2010), community-based 

forests management in the Philippines (Campo et al., 2009), land use mediation 
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(Dumrongrojwatthana et al., 2011), peri-urban catchment in Brazil (Ducrot et al., 2015), 

environmental management policies in West Africa (D’Aquino and Bah, 2013) and aspects of 

food security and policy implications in agricultural systems (e.g. Dixon et al., 2009, 

Dolinska, 2017; see ComMod.org for a library of studies from 2002 to present).  

 

3.2.3 "Relevance"to"current"research"
The overarching advantage of using ComMod is that it is an ever-evolving and iterative 

process that allows a constant improvement of results. It uses mixed methods in a 

complimentary way, to build an expanding library of information that transcends disciplines, 

particularly that of natural and social sciences, a feature central to this research in the context 

of the LS/LS framework. One of the key advantages of ComMod for understanding the social 

acceptability of the LS/LS strategies in a real-world landscape is its versatility, due to its 

range of associated methods. Although the questions within this research project are very 

different in nature, they can be addressed using the methods associated with ComMod.  

Understanding the feasibility of LS/LS interventions is complex given the diverse interests of 

stakeholders. Workshops and RPGs allow an understanding to build on collective exploration 

of possible policies in a participatory and inclusive manner. ComMod encourages direct 

negotiations between stakeholders and reflexivity on the expectations from each participant. It 

prevents the researcher’s own epistemology from imposing a frame of reference or 

emphasising pre-determined assumptions. Thus, it moves away from top-down solutions, 

which contrasts with most of the LS/LS studies to date. Central to this process is the 

formulation of a conceptual model, by the stakeholders, that describes the interaction between 

human and local environment. For this research it means looking at how households’ land use 

decision-making processes affect the environment and how the changes in the environment 

affect them in return. 

The second research question looks at the adoption of hypothetical LS/LS interventions and 

uses RPGs to identify functional land use policies. Identifying land use policy interventions 

deemed viable by stakeholders does not necessarily or automatically lead to legitimacy and 

support of policies (e.g. Korfmacher, 2001). Pre-assessment of how potential adopters might 

respond to them is valuable to understand if the policies are going to be accepted and under 

what conditions. By using RPGs such assessments can be conducted and decision-making 

processes that arise from testing of polices can be observed and documented. A great 

advantage of RPGs is that unlike conventional surveys (which are valuable complimentary 
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tools to better understand a system) the RPGs are able to capture these emergent phenomena. 

They are ‘dense methodological tools’ that condense time and space and help make problems 

clearer by synthesizing essential characteristics of complex systems (Pak and Brieva, 2010). 

They also capture respondents' attention with more ease, making them more focused on the 

answer itself rather than on internal deliberations such as reflexivity towards the researcher, or 

whether to impart sensitive personal information, which can distract the respondent in an 

ordinary survey (Souchère et al., 2010). Furthermore, the RPG facilitates a common language 

between actors and researchers.  

Finally, once information about the adoption is available, testing how different interventions 

impact on socioeconomic aspects of the households and on the natural environment, over 

longer periods of time, requires tools that are equipped to deal with complexity and future 

scenario exploration. ABMs (see Box 3.1 for definition) have been particularly designed to 

deal with such complexity. They can encapsulate all the previously obtained data about the 

processes of adoption, the heterogeneity of decision-making of households and their 

interaction with the environment. Scenarios can be tested over long periods of time and 

depending on the software there can be a spatially explicit representation of a landscape. The 

changes observed under different scenarios can be visualised by stakeholders and be used as a 

platform for further deliberation. Section 3.6 provides more information about why ABMs 

were considered suitable for this research and the advantages and disadvantages of engaging 

such tools.  

 
Box 3.1 Agent-based model origins, definition and application 
 
ABMs originate from the field of computer science and Artificial Intelligence (Janssen 
and Ostrom, 2006). ABM along with Cellular Automata is a class of automata approaches 
that are pre-set with rules and initial characteristics, allowing them to respond to 
exogenous inputs. ABMs are characterized by a number of ‘agents’ that interact with each 
other and with their environment. Agents are able to make decisions and decide their 
actions based upon these interactions (Macal and North, 2014). The defining feature of an 
agent is a capability to act autonomously, without external direction, in response to 
situations it encounters (Macal and North, 2009). Thus, an agent can be anything from an 
individual or an institution to a market or the environment as long as it has behaviour and 
functions independently. Agents can interact both directly with each other, for example 
through social networks, and indirectly through the collective environment. They can 
update their knowledge base by learning from and adapting to the changing environment 
(e.g. Tang and Bennett, 2010) and other agents (e.g. Le et al., 2010).  
ABMs have been utilised across a wide range of topics pertinent to biodiversity 
conservation, including: ecosystem management (Moreno et al., 2007), water management 
(Becu et al., 2003, van Oel et al., 2010), urban development (Haase et al., 2012), farming 
(Schreinemachers and Berger, 2011) and climate change mitigation (Troost and Berger, 
2015).  
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3.3 Companion Modelling research design 
The common element between all ComMod studies is the co-construction of a conceptual 

model with the stakeholders in order to create a shared representation of how the system 

functions according to an overarching, negotiated, development question (Etienne et al., 

2011). The next step in the ComMod process is to transform it into modelling tools 

particularly adapted to the representation of complex systems via ABMs and/or RPGs. With 

these tools, future scenarios can be explored along with or without the stakeholders, 

depending on the initial objective of the study. 

 

ComMod typically follows an iterative methodological process in which each loop – also 

called iteration – corresponds to a succession of conceptualisation, implementation and 

validation phases. Whilst the three principal phases of the sequence proposed by ComMod are 

linear, a core strength of the approach is that it is based on repetitive back and forth steps 

between the model and the field leading to ComMod being referred to as a loop process 

(Étienne, 2010; Box 3.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Even if the phases are not all included in an iteration or follow a slightly different order they 

represent a standard succession or a kind of complete model for the Companion Modelling 

approach (Étienne, 2010). Hence, there is a diversity of Companion Modelling study designs 

Box 3.2 ComMod phases 

There could be up to 12 phases in each loop. Étienne (2010, 2014) offers a detailed 
reference manual. Here, I provide a succinct description of the 12 phases: 
1. Informing those involved in development issues of the ComMod approach and its 

possible applications in local problems 
2. Definition of the question raised between project holders 
3. Inventory of scientific, nonprofessional or expert knowledge, available through 

surveys and diagnostic studies and analysis of the literature 
4. Eliciting knowledge for the model through surveys and interviews 
5. Co-construction of the conceptual model with relevant stakeholders  
6. Choice of a tool (computerized or not) and implementation of a model 
7. Calibrating, verifying and validating the model with local stakeholders 
8. Definition of a scenario with local stakeholders 
9. Exploratory simulations with local stakeholders 
10. Diffusion among stakeholders who have not participated in the process 
11. Monitoring and evaluation of the effect of the process of participants 
12. Training the stakeholders interested in using the tools developed  
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that entail between one and several iterations and include only a segment or all 12 phases (e.g. 

Simon and Etienne, 2010, Naivinit et al., 2010, Salvini et al., 2016)  

To answer the research questions about the social acceptability of LS/LS interventions this 

study was designed around three main loops (Figure 3.3) that correspond to the first three 

parts of the study, as presented in Chapter 1 (Diagram 1).  

 

 
Figure 3.3 The ComMod process utilised in this study with three iterations, also known as loops 

Loop 1 of the ComMod process is an investigative phase that consisted of collecting 

socioeconomic and environmental data about the community under study, including data on 

land use decision-making and motivations to enrol in land use policies. As the study evolved 

and data requirements were further identified, the initial data was further complemented. 

 

Loop 2 consisted of a series of steps. Firstly, stakeholders co-constructed a conceptual model 

of the socio-ecological land use dynamics that occur in the landscape. Secondly, they 

commonly agreed, via stakeholders’ workshops, on plausible land use policies that aim to 
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increase food production and conserve biodiversity. Thirdly, a RPG was developed based on 

the conceptual model to test the direct beneficiaries’ reactions to the proposed land use 

interventions and further understand the land use decision-making processes that occur in the 

landscape. In a final step, the feedback from the RPG enabled the improvement of the land 

use policies proposed by stakeholders. The outcomes of Loop 2 were used as inputs for the 

final iteration.  

 

Loop 3 entailed the simulation of the effects of the scenarios developed at the landscape level 

over decades using an agent-based model. The landscape was modelled explicitly and the 

households surveyed in Loop 1 represented the agents. Other relevant stakeholders (e.g. 

Forest Department, Tea Board) were also represented in the model. Instead of being 

autonomous agents, they are represented as external factors influencing the system mainly 

through the introduction of land use policies in the landscape. 

The research aimed to complete the cycle with the communication of the results of the 

ComMod process to policymakers, allowing them to reformulate policies to tailor them better 

to the local context, thus rendering them more effective. Due to time and funding limitation 

this was not possible, as part of the current research, but steps to complete this stage will be 

sought in future. The design of this study shares important aspects with Salvini et al. (2016), 

which builds on the understanding that landscape dynamics are driven by the land use 

decisions made by local stakeholders, and the fact that active participation of local land users 

is needed to ensure policy effectiveness.  

To understand how the research questions connect with the ComMod Loops a summary is 

presented in Table 3.1. In the table it can be observed that the three communities, presented in 

detail in Section 2.4.3, are not part of all the ComMod loops and that a particular focus is 

placed on the Badaga communities in Loop 2 and 3. The rationale behind this decision is that 

they represent the largest caste group, are the main farmers’ group and the main landowners 

with property rights and their fields could be represented in Landsat images. By contrast SC 

have almost no lands while ST have smaller plots of land, mostly without property rights, that 

are located within the forest, under the tree canopies. Therefore in Loop 1 all caste groups are 

included to allow a holistic representation of the landscape and to gain and understanding of 

the interactions that occur between the SC and ST who represent the main pool of labour for 

Badagas. Loops 2 and 3 focus on the Badaga communities as the direct landowners that can 

take decisions regarding land use interventions and that can be feasibly modelled in the ABM.  
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Table 3.1 The data collected, method of collection and analysis, and the community examined for each research question  

Objective or Research 
questions Data Data collection 

methods 
Methods of 

Analysis 
Communities 
investigated 

Understanding the 
landscape and the 
communities where land use 
interventions are going to be 
tested. Assessment of 
motivations to enrol in 
interventions.   
ComMod Loop 1 

Quantitative and 
qualitative data. 
Socioeconomic, 
land use and food 
security data. 
Motivations to 
adopt land use 
interventions. 

 
Primary data from 
in-depth household 
survey, what-if 
scenarios, focus 
groups, key 
informant 
interviews, 
literature review. 
Secondary data 
from Landsat 
images.  
 

Univariate and 
multivariate 
statistical analysis. 
Mixed Effects 
Models. 
Qualitative data 
presented in form 
of frequency tables 
and representative 
quotes. 

Badaga, 
Scheduled 
Caste and 
Scheduled 
Tribes 

Q1: Feasibility of 
interventions:  
What land use interventions 
are plausible in a landscape 
given diverse interests of 
stakeholders? 
ComMod Loop 2 

Qualitative data. 
Conceptual model 
of the decision-
making processes 
in the landscape. 

 
Stakeholders 
mapping, ARDI 
(details in Chapter 
6-Table 6.1), key 
informant 
interviews, 
stakeholders’ 
workshops, RPG. 
 

Stakeholders’ 
analysis. Coding 
and content 
analysis. 
 

Badaga 

Q2: Social acceptability:  
What is the social 
acceptability (uptake) of the 
interventions to direct land 
users? 
ComMod Loop 2,3 

Qualitative and 
quantitative. 
Preference data. 

RPG, ABM 

Univariate and 
multivariate 
statistical analysis. 
Frequency tables 
and Coding and 
content analysis. 

Badaga 

Q3: Socioeconomic and 
Environmental outcomes 
of adoption:  
What are the implications of 
adoption for agricultural 
production, biodiversity, 
food security and 
livelihoods?  
ComMod Loop 3 

 
Quantitative data; 
Socioeconomic, 
land use, food 
security, 
production, 
landscape 
connectivity and 
tree cover data;  
 

ABM 
Univariate and 
multivariate 
statistical analysis. 

Badaga 

Q4: What do the results tell 
us about the relevance of the 
LS/LS framework to real 
life? What policy 
recommendations can be 
made for the future? 
ComMod Loop 3 

Qualitative and 
synthetic 
assessment 

Based on outcomes of research and literature review 
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Sections 3.4 to 3.6 of this document introduce the data collection and analysis undertaken 

within each of the three ComMod Loops. 

3.4 ComMod Loop 1 
This loop was designed to collect sufficient information for:  

i) An initial characterization of the study site and households 

ii) Informing the RPG 

iii) To parameterise behaviour models and generate statistical descriptions of the 

attributes!of!agents!in!a!population!in!the!ABM!!

To meet these objectives information was sought, for farmers and their households, on 

demographic profile, the crops cultivated and associated yields, land ownership and 

management decisions, sources of income, food security, participation in land use 

interventions and motivations to adopt interventions on the farm as well as future land use and 

livelihood scenarios in the area. This information was collected as primary data using an in-

depth household survey (Section 3.4.1), semi-structured interviews with key informants and 

village focus groups (Section 3.4.2) over a period of five months starting in November 2015. 

 

3.4.1 In>depth"household"survey"
 

Prior to the formulation of the household survey a scoping trip was conducted in March 2015 

during which informal interviews were conducted with farmers, a number of village leaders 

and local stakeholders to obtain an initial overview of landscape dynamics, the stakeholders 

driving these dynamics and the interventions that had already been implemented. The aim was 

to gain insight into the key processes in the landscape that can help guide the formulation of 

the household survey that is further presented.  

 

3.4.1.1 Survey-design-and-implementation--

 

Survey!design!

Household surveys were used to capture information on household socioeconomic and land 

use decision-making processes as well as on motivations to adopt land use interventions on 

farms. To facilitate the collection of such a diverse set of subjects, the questionnaire was 
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formulated so that it generated a number of different types of variables including continuous, 

censored, binary, ordinal, nominal and count data.  

 

The household survey (Appendix 3.1) comprised eight sections:  

• Section A. Introduction and respondent's consent 

• Section B. Household survey general information 

• Section C. Household respondent and Type 

• Section D. Household Profile 

• Section E. Land Assets and Income 

• Section F. Agricultural activities 

• Section G. Decision-making and scenario testing 

• Section H. Food security, consumption and composition  

 

Sections A-D include standard demographic information about the household characteristics 

such as household head, number of family members, age, gender, level of education and main 

occupation.  

Sections E-H, which refer to household assets, and, land use and livelihoods decision-making 

processes, focused on five categories necessary for understanding livelihood outcomes: 

natural, human, physical, social and financial capital. The choice of these categories was 

influenced by a widely-used framework, the Sustainable Livelihood Framework (SL), which 

uses the five categories as a platform to understand livelihood strategies (DFID, 1997). The 

SL framework has been used successfully as a tool to improve conservation practice by 

analysing the impacts of biodiversity conservation policies on livelihood outcomes and assets 

(Carney, 1999, Igoe, 2006, Serrat, 2017).  

Data on decision-making, motivations and attitudes towards land use policies prior to their 

implementation were collected in the form of what-if scenarios by asking the respondents to 

either select from a list, or rank-order a set of statements about a topic on the basis of their 

individual perspective. The advantage of using scenario-based approaches is their capacity to 

control for contextual complexity to produce meaningful predictions of behaviour (Gordon, 

1992). Furthermore they are highly suitable for predicting conservation outcomes under 

different policy or intervention conditions (e.g. Cinner et al., 2009). They are superior to 

alternative methods such as quasi-experimental matching approaches or adaptive management 

in that they could deal with evidence in a pro active rather than reactive manner (see 
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comparison between different methods in Travers et al., 2016).  

The survey was designed not to exceed 60 - 75 minutes. To overcome language barrier biases 

(Gray, 2009) the survey was designed in English and translated in the regional language, 

Tamil, by a local professional translator. A back translation to check the accuracy of the 

translated survey was undertaken by a member of Keystone Foundation, a local livelihoods 

and environmental organisation with a long-term presence in the landscape. The principal 

community surveyed, the Badagas, communicate more freely in the Badaga language, which 

is exclusively an oral language. Enumerators were selected and trained so that they could 

administrate the questions both in Tamil and Badaga to ensure clarity among respondents 

with different language preferences.    

 

The!design!of!the!household!survey!questions!

 

Some of the strengths of household surveys are that they can be representative of a large area, 

capture household heterogeneity and can be applied to statistical analysis. However, they only 

represent a snapshot in time, often have high implementation costs, and neglect intra-

household decision-making processes. The questions asked can introduce bias and the data 

quality depends on design and implementation (Robinson et al., 2007). Here the potential 

problems that have been reported with household surveys that have collected similar data are 

discussed and recommendations for addressing these potential issues are described. 

Questions about social and financial capital can suffer from issues regarding their definition 

and measurement. For example, defining the diverse sources of income and quantifying them 

can often raise difficulties, especially in communities with multiple and inconsistent sources 

of income that find it difficult to keep track of all revenues. I treated assets systematically, so 

that both sales and purchases were included for key assets, thus using the disaggregation 

principle (Angelsen et al., 2011).  

Sensitive questions such as those dealing with food security and consumption were 

introduced after the middle of the interview where they have been shown to elicit better 

results (Angelsen et al., 2011). To account for both chronic and seasonal hunger two methods 

were used to collect food security data in the household survey. The first method used 

questions relating to access to food during the year (Bacon et al, 2014). For example, ‘was 

there a time in the past year when they could not meet their basic food needs, if so, why not 

and for how long?’ Secondly, a dietary diversity method was used, which involved creating a 
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list of foods grown and consumed in the landscape. The list was established during prior 

focus groups. The list was then used to record the frequency with which individuals in the 

household consumed different foods over the last week. A weighted sum was then calculated 

based on the types and frequency of foods consumed. This metric can be used to indicate food 

security as better-off households in developing countries consume a wider variety of foods 

and it has been correlated with caloric acquisition (Bickel et al., 2000). It should be noted that 

the dietary diversity method only captures a snapshot in time and should always be correlated 

with other questions, such as the annual food access questions reported above.  

 

Implementation!of!the!household!survey!

 

In implementing the survey the study followed the recommendation of Lund et al., (2011). A 

list of potential problems for the local study site and how they might be overcome (Table 3.2) 

was constructed before fieldwork and considered three main areas where systematic errors 

could occur: enumerators and questionnaire administration, respondents’ strategic behaviour 

and understanding, and bounded knowledge.  

 
Table 3.2 Systematic errors that could occur during data collection, relevant to study area, and ways to avoid or minimise the 
bias based on Lund et al., (2011) recommendations. 

Category Potential 
problem Systematic error bias Avoiding/minimising the bias 

Enumerators 
and 
questionnaire 
administration 

Personal 
characteristics 
and appearance 
of the 
enumerators  

Age, sex, ethnic group, caste, 
attitude and appearance can 
greatly influence the data 
generated in a survey  

Be selective in choosing the 
enumerators by training and testing 
them to observe how they perform. 

Integrity of 
enumerators 

Enumerators might take short 
cuts, have low quality 
standards, or even falsify data.  

Letting the enumerators know that 
field checks will occur. Doing spot 
checks with households to check if 
enumerators came to ask questions.  
Ex post detection where quick 
reviews of the questionnaires are done 
every evening to spot ‘odd’ data and 
discuss it with the enumerators. 

Enumerator 
fatigue 

Enumerators can become 
demotivated and demoralized 
for conducting the same 
tedious and monotonous 
interview for long periods. 

Provide constant recognition, support, 
feedback and motivation for the 
enumerators so they give their best. 
Provide trainings, highlight 
interesting results and organise social 
events.  

Probing bias 

Differences between 
enumerators regarding 
interpreting, explaining and 
exemplifying questions may 
influence the answers.  

The bias can be reduced by spelling 
out all questions in their entirety, 
having detailed written guidelines for 
the questionnaire and thoroughly 
training the enumerator team. 
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Category Potential 
problem Systematic error bias Avoiding/minimising the bias 

Respondents’ 
strategic 
behaviour and 
understanding 

Strategic 
answering  

Three main factors can affect 
how respondents answer the 
questions: personal anxieties 
with particular respondents, 
questions that can generate 
fear of social rejection or 
hope of social acceptance and 
questions that can generate 
fear of political or economic 
sanctions or hope of rewards.  

Provide ample information regarding 
research purposes to avoid spreading 
false rumours.  
Include background information to 
sensitive questions. 
Spend time in the village and attend 
social events to gain locals trust.  
Triangulate answers with 
observations where possible.  

Vague or 
imprecise 
responses  

Imprecise responses are 
common in detailed 
household surveys, 
particularly when related to 
income or accounting.  

 
Ensure that the question can’t be 
formulated more precisely then that. 
Inform enumerators that specific 
details are needed.  
 

 
Misunderstandi
ng the question  

Respondents may easily 
misunderstand or misinterpret 
the question. 

Keeping questions short and concise, 
and avoiding difficult wording is 
essential. 

Respondents’ 
strategic 
behaviour and 
understanding 

Respondent 
fatigue  

Tired respondents may give 
‘quick’ answers in order to 
finish fast, especially in the 
later part of the questionnaire. 

Selecting areas that are not ‘over-
researched’ provides a context that is 
less exposed to research fatigue. 
Interviews should suit the 
respondents, vis-a vis their daily 
routines.  
  

Bounded 
knowledge 

Recall 

It refers to the inability of the 
respondent to fully remember 
past activities and events, 
thereby creating a bias.  

Shorter recall periods should be 
associated with small and frequent 
events and longer recall periods 
should be associated with infrequent, 
large or rare events. In the later case 
more general questions could be of 
help. For example: ‘did it happen 
before marriage? Before the drought 
season?’ 

Differences in 
perceptions or 
understanding 
of definitions  

Key definition or perceptions 
taken for granted can crate 
biases.  

Ensure respondents have a common 
understanding of definitions. Define 
key terminology, 
Beware of meaning, units and 
perceptions.  

 

It was initially proposed that both male and female enumerators carry out the studies to enable 

local women to feel more comfortable in engaging in the research. Identifying female 

enumerators proved problematic due to local customs and safety concerns. Hence, data were 

collected with the support of 8 male enumerators and a research assistant who also assisted 

with the translation of the questionnaire. Six of the enumerators were Badagas (and 

interviewed Badagas and STs communities) and three were from Scheduled Caste (and 

interviewed the SCs communities). The enumerators were all in their twenties and came from 

a local University or a company that provided survey and information technology services. 

Before implementing the survey they participated in workshops, trainings, test sessions and 
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were accompanied in the field to ensure proper data collection protocols were followed. 

While the first seven sections (A-G) of the survey could be answered by any adult member of 

the household, the enumerators were asked to fill in the last section (H) about food security 

with a female member of the family, where possible and appropriate, because they are the 

ones who prepare food.  

3.4.1.2 Sampling:-who,-how-and-how-many?--

The aim was to obtain a representative sample of the population in the study area to inform 

the ABM. Following in the field practices of ABM studies with similar aims (e.g. Le et al., 

2010, Salvini et al., 2016) stratified random sampling was identified as the best sampling 

strategy to meet this goal (Shively, 2011). On the basis of time constraints and statistical 

power the data collection was restricted to the Kotagiri Taluk, the most eastern division of the 

Nilgiris district (see Figure 2.2). The capital of the Taluk is Kotagiri city, the main urban 

centre of the administrative unit. The Taluk was selected based on the landscape being 

representative of the agricultural and biodiversity scenarios encountered across the Western 

Ghats and for the available infrastructure to carry out research with a partner organisation 

(Section 3.4.1.3).  

 

The Census of India (2011) divides the population of Kotagiri into three main categories. 

Schedule Tribes, of which there are 4,463 inhabitants, Schedule Caste with 18,352 people and 

the ‘other’ category, which has 41,403 inhabitants. In Kotagiri the ‘other’ group is 

predominantly comprised of the Badaga community. About 44% (28,207) of the Kotagiri 

district population lives in the main urban area, Kotagiri town, and the remainder (36,011) 

lives in rural areas. The latter is the target population of this study.  

 

Typical to the landscape is the spatial distribution of the three different communities (or 

castes) within separate, caste specific, housing groups. The number of households found 

together can vary in size from a couple of households to agglomerations of tens and hundreds 

(the equivalent of hamlets and villages). A list of hamlets and villages was produced using 

information from the Village Panchayat Offices, Statistical Department, Collector’s Office, 

Electorate lists and Keystone Foundation. There are more than 360 groups of houses in 

Kotagiri Taluk. Different strategies had to be applied in selecting the households for the three 

communities (Table 3.3). 
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A total of 408 surveys were conducted with the aim of covering at least 10% of the 

households within each village selected, in order to ensure sufficient statistical power 

(Crawley, 2012). Stratified sampling was used in establishing the total number of households 

surveyed by community group. Thus, the number of ST, Badaga and SC households surveyed 

was: 36, 265 and 105 respectively. Where possible (given the conflicting data sources) the 

number of households surveyed in each village was established proportionally to the total 

number of households within the villages surveyed of each community (Table 3.3). All 

households surveyed were in close proximity (less than 2 km) of native shola forest (Figure 

3.4). 

 

 
Table 3.3 The community and villages selected for the survey, the strategy of village selection and the total number of 
households surveyed in each village.  

Community 
surveyed 

Strategy for village 
selection 

Village 
Surveyed 

Description of the 
village 

Pop. 
size HHs 

No. of 
HHs 

surveyed 

Badaga 

 
 
Due to time 
constraints in 
engaging with local 
village leaders and 
limited transport 
budget, larger 
villages (of circa 
100 households or 
more) were selected 
for the household 
survey. To be 
representative of the 
area the villages had 
to have a diversity 
of land uses and 
contain both 
households that are 
landless and that 
own land. 
The village head 
had to give consent 
to carry out the 
survey. 
Having a mix of 
villages closer or 
further away from 
forest is preferred 
for observing 
changes when land 
use policies are 
introduced.  
 

Milidhen 

One of the largest 
Badaga villages 
that relies on tea 
growing and sparse 
agricultural fields. 
It borders a shola 
forest under 
protection.  

1323 300 75 

Nedugula 

Sizeable Badaga 
village with one of 
the largest number 
of agricultural 
fields. Tea crops 
are also grown.  

1046 240 61 

Kercombai 

Similar to Milidhen 
the village relies on 
tea growing and 
sparse agricultural 
fields.  

400 100 25 

Denadu 

Characterized by 
steeper slopes 
where mainly tea is 
grown. Surrounded 
by dense forests. 

1097 184 46 

Sundatty 

Similar to Milidhen 
and Kercombai the 
village relies on tea 
growing and sparse 
agricultural fields. 

700 140 35 

Kaggula 

Medium sized 
Badaga village that 
relies on tea 
growing mainly. 

551 93 23 
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Scheduled 
Caste 

Surveyed 
households had to 
come from 
agglomerations of 
households of circa 
100 households or 
more and village 
leaders had to give 
their consent to 
carry out the survey 
with the selected 
enumerators. 

Queensolai 

Large SC village 
built around 
TANTEA estates 
with most of the 
population working 
in tea plantations. 

617 200 47 

Kakasolai 

SC village built 
around agricultural 
fields with most of 
the population 
working in 
agricultural fields. 

634 150 37 

Keradamatt
am 

Most of the 
population works 
on tea estates or 
agricultural fields. 

565 230 22 

Scheduled 
Tribe 

Villages were 
selected with 
members of 
Keystone 
Foundation based 
on accessibility, size 
and village head 
consent. 

Andthiy-
arai 

Kurumba village 
with a tradition for 
gathering forest 
products, including 
wild honey 
harvesting. The 
inhabitants work on 
tea plantations.  

46 10 6 

Bangala-
padugai 

Irula village with 
most of the 
households 
working as 
labourers on tea 
plantations. 

106 50 9 

Bavyiur 
Kurumba village 
similar to 
Andthiyarai  

84 40 13 

Kothimuku Irula village similar 
to Bangalapadugai 128 25 8 

Total  - -    408 
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Within each village households were selected at random using a lottery method (Shively, 

2011). 110% of the target total of households was selected in each village in order that a 

reserve list of households was present in case of refusal, non-response or attrition.  

3.4.1.3 Fieldwork.considerations4Ethical.assessment.and.local.collaborator.

Before fieldwork data collection, an ethical assessment was undertaken. Details of ethical 

consideration are provided in Appendix 3.2.  

The research was undertaken with the support of a local organisation, Keystone Foundation. 

Details of the collaboration and reflection on minimising research biases are provided at the 

end of Appendix 3.2. 

3.4.1.4 Survey.data.analysis.

Quantitative data from Sections A-G of the household survey were analysed using descriptive 

statistics. Univariate and multivariate analysis using standard parametric and non-parametric 

tests was conducted in the statistical package RStudio Version 0.98.953 (R Core Team, 2016). 

Where relevant, data was presented by caste group.  

Qualitative data was primarily presented in form of frequency tables, which were occasionally 

accompanied by representative quotes.  

 

Sections H of the household survey that focused on food security was analysed using logistic 

regressions to understand the factors that determine food security in the landscape. Logistic 

regression is one of the most commonly used methods in the analysis of food security data 

(Amaza et al., 2006, Felker-Kantor and Wood, 2012, Abdullah et al., 2017). The study used a 

type of regression method known as Generalised Linear Mixed Models (GLMMs) to deal 

with the random effects of village and enumerator. This allows conclusions to be drawn about 

a population at landscape level (necessary for the ABM) from which the observed units 

(‘village’) are chosen, and not about the particular units themselves. In the case of 

‘enumerator’ variable the model controls for the variation that occurs in data collection from 

the different enumerators so that the results are not affected by these differences. Further 

reasons for selecting GLMMs and the decision tree used in selecting the appropriate model is 

presented in Appendix 3.3.  

The GLMMs were developed using the R statistical package ‘lme4’ (R Core Team, 2016). To 

find the best model a Minimum Adequate Modelling (MAM) approach was taken, following 

the method described by Crawley (2002). To carry out the MAM process, an initial maximal 
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model was generated, which included all the candidate explanatory terms. This model was 

then repeatedly simplified by removing terms, which did not significantly improve it, until the 

model with the lowest Akaike Information Criterion (AIC) and the highest overall 

explanatory power (R2) was found.  

3.4.2 Focus*groups*and*key*informant*interviews*

Focus groups were selected as a tool for data collection because they are flexible social 

science data collection tools and can bring out information that is difficult to obtain in 

individual interviews (Wiles et al., 2011). There are a number of disadvantages to the method, 

including limited reliability and validity, and various forms of moderator and respondent bias 

(Wilkinson, 1998). Nevertheless, there has been a large number of studies that showed how 

limitations can be reduced or overcome when careful consideration is given to the design and 

implementation (e.g. Smithson, 2000, Hydén and Bülow, 2003, Litosseliti, 2003, Parker and 

Tritter, 2006). This study made use of a practical guide developed on lessons learned in the 

field that covers topics like focus group set-up, design, question formulation, facilitation and 

ethical considerations (Breen, 2006). For more sensitive data related to food security, this 

study drew from previous work of the Food and Agriculture Organisation (FAO, 2013) that 

provides specific and comprehensive guidance on how to set up focus groups and formulate 

questions in rural areas of developing countries.  

The focus groups and key informant interviews were used for two main purposes:  

(a) In an initial exploratory phase to inform the in-depth household survey and the 

development of a structured and systematic interview schedule 

(b) To triangulate and add richness and depth to the food security data. More details are 

provided in the chapter 6 where they were used.  

 

In the exploratory phase local leaders, landowners and farmers were invited to participate in a 

focus group of 6 to 8 people aiming to investigate how participants view the landscape, how it 

has changed over time and how it is likely to change in the future. The focus groups also 

helped identifying historical time trends, brainstorming on possible future scenarios and 

identifying possible interventions to be explored. Additionally, questions relating to the 

factors making households more likely to be food insecure were also asked so that they could 

be included in the household survey.  

In this phase focus groups of about 2 hours were organised in all 13 villages.  However, the 

focus groups and key informant interviews on food security data were only carried on the 
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Badagas group, since they were the only community that was represented in the RPG and 

ABM phases of the ComMod process.   

 

3.5 ComMod Loop 2-RPG 
The overarching focus of this loop was the selection of land use interventions and the 

development of a RPG with local stakeholders (Section 3.5.1) and the implementation of the 

RPG with direct land users (Section 3.5.2). The information provided in these two sections is 

complemented by more detailed information in Chapter 6.  

The RPG data provide complementary and more in-depth information about farmers’ 

decision-making processes that were observed in the household survey in the first loop of the 

ComMod process.  

 

3.5.1 Selection*of*land*use*interventions*and*development*of*the*role?

playing*game*

The land use policies and the RPG were co-constructed with the support of stakeholders and 

followed a step-wise approach (Table 3.4). The RPG was designed for direct land users from 

the 6 Badaga villages (Denadu, Kercombai, Nedugula, Milidhen, Kaggula and Sundatty) 

surveyed in the study area in the first ComMod loop.  
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Table 3.4!Data collection methods used in the selection of interventions and the development of the RPG 

Aims of each phase Method of data collection and analysis 
Phase 1. Selection of core stakeholders that will support the development of the RPG 

1. Create a list of the 
potential stakeholders 
involved in land use 
decision-making 

An exhaustive list of potential stakeholders driving landscape dynamics was 
created during the scoping trip following discussion with local land users, 
village heads and Keystone Foundation.  
 
Key informant interviews were conducted with all the stakeholders 
identified to understand their role in land use dynamics.  

2. Map the power and 
influence of the 
stakeholders over 
decision-making 
 

Stakeholder analysis was used to summarise in a diagram the power of the 
stakeholders and their impact on land use decision-making.  
Stakeholder analysis is one of the most commonly used and recognized 
processes of systematically gathering and analysing qualitative information 
to determine whose interests should be taken into account when developing 
and/or implementing a policy or program (Schmeer, 2000). This process can 
help frame issues that are solvable in ways that are technically feasible and 
politically acceptable and that advance the common good (Bryson, 2004).  
There have been numerous studies providing best practices in the field 
(Grimble and Wellard, 1997, Brugha and Varvasovszky, 2000, Bryson, 
2004). This study uses the method developed by OGC (2007) that looks at 
mapping the stakeholders along a power-impact gradient. Impact was 
devised in three levels: direct, moderate or limited whereas power has four 
levels: low, intermediate, significant or high. This method is suited for this 
study because it is more explorative than most of the other tools used in 
stakeholder analysis. Given there is no predefined policy to be tested in the 
landscape the mapping is an exercise to understand what the relevant 
stakeholders might be in an initial stage rather than how to influence 
stakeholders to achieve a common goal.  

3. Selection of relevant 
stakeholders for co-
development of RPG 

Details are provided in Chapter 6 (Table 6.1).  

Phase 2. Defining the question to be answered by the RPG 

 
Details are provided in Chapter 6 (Table 6.1). 
 

Phase 3. Collective construction of the RPG conceptual model 

 Details are provided in Chapter 6 (Table 6.1). 

Phase 4. Selection of land use policies to be tested in the RPG 
1. Selection of policy 
tools and specific land 
use interventions 

Details are provided in Chapter 6 (Table 6.1). 

2. Collect data on 
information necessary to 
complete the RPG 

 
Where stakeholders needed additional information to finalise the 
formulation of policies household surveys or key informant interviews were 
conducted.  
 

Phase 5. Designing the RPG 

Decide components of the 
RPG Details are provided in Chapter 6 (Table 6.1). 
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When using tools like RPGs, model validation in the context of uncertainties during the 

process can be even more important than just at the end (Refsgaard et al., 2007). This 

principle was at the core of the modelling process of the current study and the different 

sources of information (e.g. household surveys, focus groups) paired with local knowledge 

and expertise challenged and validated the findings in each phase of the modelling process.  

3.5.2 Implementation*of*the*RPG*and*data*analysis*

The implementation refers to organising and running the RPG sessions.  

In implementing the RPG the study considered the recommendations of ComMod researchers 

regarding: representation of the games, the selection of players, duration of the game, 

choosing the location, the spatial setting, selection of team members to assist in conducting 

the workshop, the information provided to the players and other aspects such as time 

management during session development (Garcia, 2014). The specific details of the RPG 

session implementation and their justification are provided in Section 6.3.1.4  

To allow a better understanding of the effect of proposed policies on land use decisions the 

RPG explored two situations: the current land use practices, and the impacts of policy 

scenarios inferred from the stakeholders’ workshops. This enabled the investigation of land 

use decisions and dynamics under different policy scenarios and the exploration of factors 

that might prompt farmers to adopt different land use practices. The outcomes of the RPG 

were communicated to the policy makers, allowing them to reformulate policies to tailor them 

better to the local context, thus rendering them more effective when further tested in the 

ABM.  

 

Methods of data collection during the RPG session, proposed by ComMod researchers during 

ComMod Spring School (Garcia, 2014), were also the main inspiration for the design of this 

Aims of each phase Method of data collection and analysis 

Phase 6. Testing and calibration of the RPG 

 

Workshops to test and improve the RPG were organised with direct land 
users in Badaga villages. Each session had three steps: a briefing, a game 
session and a debriefing (which included feedback forms). Stakeholders 
were presented with the outcomes to allow feedback and further 
improvement of policies and RPG.  

Phase 1, 2 and 3 were conducted in the field over a two-month period between February and March 2015, 
Phase 4 was developed between May and October 2015 and was almost entirely desk-based, while Phase 
5 and 6 were carried in the field between October 2015 and January 2016.   
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research. For example, the indicators of interest measured during the RPG workshops relate to 

scheme uptake, land use change, production and environmental changes, and livelihoods 

changes. Data for the indicators measured in the RPG were collected using several paper 

forms that the players filled at every stage of the game. These documents, presented in 

Appendix 3.4 were:  

a) The RPG Players’ Sheet, which traced the processes regarding the choice of food crops 

grown on the farm every year and the number of seasons selected for cultivation; 

b) The Income and Expense Sheet, which recorded the sources of income and spending each 

year; 

c) The Decision-making Form, which contained information about the different land use 

and livelihood strategies of a household over the years; 

d) The Final Evaluation Form.  

!
Along with these data, notes were taken during the RPG workshops (including debriefing 

sessions) and transcripts of the game sessions recordings, which aided the understanding of 

the emerging processes and the reasoning behind farmers’ decisions. 

 

RPGs are laborious and generally take a long time to set up, run and manage the resulting 

data. This means that the number of games that can be played during a field season is limited. 

In some cases ComMod team recommends a one-month gap between sessions to allow proper 

preparation and facilitation (ComMod Spring School, 2014). A small number of RPGs means 

a small sample with limited explanatory power. The results should not therefore be over-

interpreted; instead they should be used as a way to triangulate the data from other data 

sources such as the social survey. The results from the RPG were therefore analysed using 

descriptive statistical methods. Using the data from the RPG in this way filled knowledge 

gaps about processes that occur in the landscape and provided simple rules that contribute to 

the construction of the ABM. 

 

The policies negotiated by stakeholders and the outcomes of the RPG were subsequently used 

to develop the ABM presented in the next and final loop of the ComMod process.  
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3.6 ComMod Loop 3- the ABM  
This section will start by giving an overview of agent-based land use models and their 

suitability to answer the research questions. Examples of the use of ABMs in similar contexts 

(Section 3.6.1) are also described. The section then goes on to give details about the strengths 

of using an ABM (Section 3.6.2), and their limitations (Section 3.6.3). The section continues 

with the steps taken to model an ABM designed to reproduce the landscape dynamics 

informed by the in-depth household survey (Loop 1) and observed during the RPG (Loop 2), 

and project them into a long-term (decadal) timeframe (Section 3.6.4).  

3.6.1 Agent?based*land*use*modelling*

LS/LS policies aim to change both micro and macro-level land use and land cover patterns 

(LULC). These patterns are shaped by the interactions between the anthropogenic and the 

biophysical environments. Human decisions and actions aggregate to influence land use and 

land cover patterns, while conversely macro-level policy influences micro-level behaviour 

and land use (Lambin and Meyfroidt, 2011). Conventional modelling has lacked the capacity 

to integrate this two-way process (Le et al., 2010). The value of agent-based land use models 

lies in the fact that it can fill this gap, by being specifically adapted to provide a more realistic 

representation of these human-environmental interactions (Macal, 2016).  

 

Studies that model land use with ABM techniques have seen a gradual progression from 

abstract scenarios with only tenuous links to real-world problems (e.g. Lansing and Kremer, 

1993; Epstein and Axtell, 1996) to more complex representations of socio-ecological systems 

based on empirical data that answer specific real-world questions (e.g. Hoffmann et al., 2002; 

Deadman et al., 2004; Le et al., 2008; 2010). Several comprehensive reviews of agent-based 

land use models have been published demonstrating the broad range of applications (Parker et 

al., 2003, Matthews et al., 2007, Sohl and Claggett, 2013, Yu et al., 2013).  
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Table 3.5 Examples of agent-based land use models based on the categories identified by Matthews et al. (2007) 

Model Category Model description Studies 

Policy analysis and 
planning 

Considers heterogeneity in cultural values and 
interests of an agri-environmental schemes proposed 
beneficiaries 

Weisbuch and 
Boudjema, 1999 

AgriPolis: Assesses the effect of reducing price 
support and introducing compensation payments in 
EU farms 

Happe et al., 2006 

BIOCAPARO: Explores the outcome of three 
governmental policies (hands-off, pro-forestry and 
agro-forestry) on the local environment 

Moreno et al., 
2007 

Participatory 
Modelling 

CORMAS: A platform developed to solve specific 
problems, it can also be used as a tool in assisting 
RPGs. Allows the engagement of stakeholders during 
model development, model conceptualisation, model 
building and running 

Le Page et al., 
2010 

A bottom-up participatory modelling process for a 
multi-level agreement on environmental uncertainty 
management in West Africa  

D’Aquino and 
Bah, 2013 

Explaining spatial 
patterns of land use 
or settlement 

LUCITA: investigates the factors involved in 
deforestation and subsequent reforestation 

Deadman et al., 
2004 

Testing social and 
economic science 
concepts 

FERALUS: A model investigating strategies of land 
use selection and associated impacts at landscape 
level 

Polhill et al., 
2008, Gotts and 
Polhill, 2010 

LUDAS: Developed to support the design of land use 
policies which enhance long-term environmental and 
socioeconomic benefits. 

Le et al., 2010 

Explaining land use 
functions 

PALM: to explore the impacts of human decisions on 
soil nutrient dynamics in Nepal  

Matthews, 2006 

 

3.6.2 Strengths*of*an*Agent?Based*Approach**
Aside from being one of the most advanced tools to capture human-environment interactions, 

ABMs are capable of representing complex behaviour and detecting emergent trends (Parker 

et al., 2003, Brady et al., 2012, Sun et al., 2016). They are flexible, in that multiple 

components can be altered fairly easily, and in that they can be applied to many different 

systems at multiple scales (Crooks and Heppenstall, 2012).  

ABMs are equipped to capture heterogeneity by representing, for example; individuals, 

households, farms, markets or institutions as autonomous agents (Macal, 2016). ABMs create 

environments that allow the exploration of an agents’ role in system dynamics over time 

(Kennedy, 2012) and when linked to physical space with a graphic interface, they can act as 

‘virtual social laboratories’ allowing the exploration of future policies and their impact on 

LULC ex ante to their implementation (Lee et al., 2014). Thus, they can produce information 
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that is useful for policymakers, such as what interventions may be most suitable in a particular 

local context.  

When compared to other modelling approaches used in socioeconomic policy-making, ABMs 

scored best in terms of relative fitness; they were the top option for realism, have important 

interdisciplinary potential and capture bottom-up and stochastic dynamics (Boulanger and 

Bréchet, 2005). Finally, with ABM, landscape dynamics can be projected forward in time, 

over longer timeframes when compared to other methods such as RPGs.  

3.6.3 Limitations*of*Agent?Based*Modelling**

ABMs aim to capture human behaviour and dynamics, which rarely operate along rational 

lines (An, 2012). As such, inputs may be difficult to quantify and calibrate meaning that 

outputs of the model shouldn’t be taken as facts, especially since relatively small variations in 

initial conditions and agent rules could greatly skew the outputs (Crooks and Heppenstall, 

2012). This is also emphasized by the lack of a standardized approach to measuring and 

modelling behaviour, defining agents and selecting scale (Bousquet and Le Page, 2004).  

Because ABMs are not able to capture all the socio-ecological interactions, agents have 

reduced abilities with regards to their knowledge, memory, processing and learning 

(Schreinemachers and Berger, 2011). Furthermore, it has been recommended for ABMs to be 

used as research tools rather than decision support tools, because they can explore a range of 

management choices in terms of robustness and resilience but neither the models nor the 

landscapes lend themselves to seeking optimal outcomes or to making predictions (Matthews 

et al., 2007).  

Finally, data requirements for ABMs are typically large, and when applied to complex 

systems these models can demand high computational power and most importantly they can 

become difficult to validate and verify (Crooks and Heppenstall, 2012).  

For some of the limitations highlighted in this section solutions have started to come forward 

and there are ABMs that are seen as good-practice (Table 3.6). 

 

 

 

 

 

 



 118 

Table 3.6 Challenges in agent-based modelling based on Filatova et al. (2013) 

Type of challenge Description of challenge Good-practice ABMs 

Modelling agent’s behaviour 

Balancing competing decision-
making theories in social sciences 
and empirical observations when 
parameterizing the agent’s 
behaviour 

Sun and Müller (2013) 
introduce an innovative 
hybrid approach combining 
Bayesian belief networks and 
opinion dynamics models 

Sensitivity analysis, 
verification and validation 
(especially important in 
policy contexts to inform 
management challenges) 

Addressing the soundness of their 
construction and their success in 
replicating real-world trends and 
patterns 

Balbi et al. (2013) validated 
the model through a social 
experiment where local 
stakeholders tried to 
anticipate the outcomes of 
the model after they were 
briefed about the 
assumptions.   

Coupling socio-
demographic, ecological and 
biophysical models 

Integration of various modeling 
components is strenuous 
 

Robinson et al. (2013) used 
loose coupling to provide the 
new land-change modeling 
framework with flexibility to 
enable the authors to link in 
other ecosystem models at a 
later stage. 

Spatial representation 

Defining the spatial scale of 
analysis and combining multiple 
scales of analysis in the same 
model 

Barnaud et al., 2013 
combined different spatial 
scales in a step-wise process 
that started with abstract 
representations to realistic 
ones. In this process they 
observed the limits and 
advantages of these 
representations.  

 

3.6.4 Modelling*approach*

The rationale and the process of modelling the landscape and the agents (households) are 

explained in detail in Chapter 7. 

The purpose of the ABM was to provide ex ante information to policy-makers on key 

processes that could emerge in the landscape and it is not meant to indicate exact outcomes 

for the scenarios tested.  

 

3.6.5 The*role*of*the*researcher*in*the*modelling*process***

 

In this study I had to alternate between the role of modeller in the RPG and facilitator. As 

modeller, I had to make sure that the scientific components of the model adhered to standard 
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scientific practice and objectivity in order to warrant the credibility of the model among 

decision-makers, stakeholders, scientists and the public. Thus, while participants determined 

the questions that the model had to answer and supplied key parameters and processes, 

consulting specialized literature constantly challenged the structure of the model. 

Nevertheless, in order to allow the stream of ideas and achievement of results the scientific 

accuracy and rigor were sometimes loosened, a practice that is not uncommon in this type of 

modelling, provided the assumptions and uncertainties are acknowledged (Voinov and 

Bousquet, 2010).  

In terms of facilitating the RPG modelling process I position myself as a neutral party. It is 

recognized however that this is difficult to be achieved. Scientists develop their own 

understanding and viewpoints about the system and its future trends, which can result in 

incorporation of biases into the scientific components of the model. Nevertheless, the 

alternatives can offer even less control over the facilitation outcomes. If governmental or non-

governmental agencies act as facilitators of a collective process, they might push their own 

agendas. External facilitation can be a good alternative but raises problems of delegitimisation 

and overlegitimisation (Korfmacher, 2001).  

3.6.6 Dealing*with*power*relations*
Who is empowered and who is disempowered in the participatory modelling process, is the 

collaboration mutually beneficial or are there winners and losers (Chambers, 2006, Reed, 

2008)? These are questions relevant to any process where different institutions or hierarchical 

levels are involved (Kok et al., 2007). Following recommended practices in this field, the 

study alternated between group and one-to-one exercises offering stakeholders the option to 

work together and separately (e.g. Olsson et al., 2004). In this way stakeholders were given 

the chance to deal with power relations and provide individual insight. Nonetheless I 

acknowledge that while this method can help minimise the power imbalance, the problems 

cannot be fully overcome.  
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3.7 Conclusions 
To date the impact of agriculture on the environment has largely been dealt with reactively 

and advocates of the LS/LS framework have promoted policies in a top-down approach 

overlooking local stakeholders’ objectives. The use of methodological approaches like 

ComMod allows engaging stakeholders in bottom-up participatory modelling processes and 

assessing ex ante the impact of LS/LS policies on agriculture, biodiversity and local 

livelihoods. In doing so it determines the effectiveness of such policies from an early stage. 

ComMod is versatile in that it allows for a combination of methods such as RPGs and ABMs 

to create an exploration space that facilitates collective information sharing and learning that 

often results in models better fitted to local context and stakeholders’ needs. 

 

I now go on to present the results of this method in Chapters 4-10.   
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PART II 
Socioeconomic and environmental profile of the study 

community 

 

Diagram 1 Summary of research highlighting the focus of research in Part II of the study 

Part II (Diagram 1) offers insight into the socioeconomic characteristics, land use profile and 

motivations to enrol in potential land use policies, of the communities under study (Chapter 

4). Furthermore, it aims to understand what determines food security in the Nilgiris 

communities (Chapter 5). This part of the study provides empirical evidence for the 

construction of the RPG (Part III) and the characterization of the agent population and the 

environment represented in the ABM (Part IV).   
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Chapter 4  

 

Socioeconomic and land use profile of the study area 

4 *

4.1 Introduction 
Achieving conservation objectives in agricultural landscapes is conditioned by our 

understanding of the characteristics that define a landscape, the communities that inhabit them 

and their motivations in engaging in biodiversity conservation (Greiner and Gregg, 2011, 

Greiner, 2015, Jóhannesdóttir et al., 2017). In the LS/LS context, knowledge of the local 

context and the likely aspects that prompt communities to accept or not land use approaches 

on their farms has proved essential in formulating successful management strategies grounded 

in local realities (Jóhannesdóttir et al., 2017).   

Constructing the social, economic and land use profile of a community could provide better 

context for scrutinizing and justifying the emergence of anticipated or unanticipated events 

when land use policies are tested or implemented (Lee et al., 2014). In the context of current 

research, in which the Nilgiris landscape is confronted with a period of economic turmoil 

prompted by the crisis of the tea plantation sector, there is little understanding of where the 

future of the landscape and its communities are heading. Nor is there evidence of how farmers 

might respond to policies like LS/LS and what motivations for adoption there might be.  

This chapter proposes to fill this knowledge gap, by portraying an image of the current 

landscape, its communities and land use practices, and investigating how the communities 

might respond to future socioeconomic and land use scenarios. Additionally, farmers’ 

response to hypothetical land use policies, which aim to aid biodiversity conservation and 

food production, are analysed by looking at both the benefits that farmers associate with them 

and their actual willingness to engage with such interventions and their motivations to do so. 

These results then contribute to the RPG and ABM described in chapters 6 and 7.  

4.2 Data source and methods 
This chapter makes use of primary quantitative and qualitative data collected during fieldwork 

using the in-depth household survey described in detail in Chapter 3 (Section 3.4.1). 

Secondary data obtained from official sources are used to support the findings of the study. 
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The quantitative data is analysed using descriptive statistics. Univariate and bivariate analysis 

using standard parametric and non-parametric tests were conducted in R (see Section 3.4.1.4). 

Where relevant for comparison, data was presented by caste group (Badaga, Scheduled Tribes 

and Scheduled Caste) or at population level. Qualitative data is primarily presented in the 

form of frequency tables or diagrams.  

The metrics analysed are mostly presented in the order of data collection based on the first 

seven sections of the survey, A-G (Table 4.1). Sections A and B provide an overview of how 

the survey was conducted and who the respondents were. Section C focuses on aspects of 

migration in and out of the landscape, while Section D centres on the social profile of the 

households with comparisons between the three communities. Section E focuses on the 

economic profile of households, followed by land use characteristics, with comparisons 

between castes, where relevant. Finally, Section G encompasses what-if scenarios and looks 

at how households would reportedly respond to different future scenarios and their 

motivations to engage with land use policies. The scenarios selected for testing in the 

household survey result from the most frequent themes that were identified by the 

communities during the initial exploratory phase in the landscape (see Section 3.4.2). 

Additionally, scenarios that were considered relevant for understanding the conditions under 

which farmers are willing to participate in land use policies were included. To answer the 

what-if questions respondents could select from a pre-defined list, provide an open answer or 

both. The pre-defined lists were created based on the most frequent answers provided in the 

exploratory phase.  

The last section does not differentiate between castes and it applies to all households in the 

landscape regardless of whether they own land or not. Since future conditions of the 

household might change (e.g. those that do not own land could become landowners) it was 

considered more relevant to have universal questions for all respondents. 
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Table 4.1 Metrics selected to characterize the landscape of Nilgiris, its community and motivations to enrol in LS/LS 
interventions based on the in-depth household survey 

Results section Survey Section Metric description 

General 
outcomes 

Section A. 
Introduction and 
consent by main 
respondent  

Number of households that consented to take part in the household 
survey (quantitative) 

Section B. Data 
Handlers 

Mean time per interview (quantitative) 
Language of interview (quantitative) 
Proportion of households interviewed by gender of respondent 
(quantitative) 
Household type by household head (quantitative) 

In and out 
migration 

Section C. 
Household profile 

Migration to the area (quantitative) 
Period of migration (quantitative) 
Main reason for moving in the area (quantitative) 
Members moved away (quantitative) 
Reasons for moving away (quantitative) 

Social profile of 
household 

Section D. Family 
details  

Mean family size (quantitative) 
Religion and association membership (quantitative) 
Gender of household members, global and by caste group 
(quantitative)  
Education level, global and by caste level (quantitative)  
Main occupation of household members, global and by caste group 
(quantitative) 
Percentage of time working on own farm (quantitative) 
Percentage of time working on others farm (quantitative) 

Economic 
profile and land 
ownership 

Section E. Land 
ownership and 
income 

Income by source and mean annual income (quantitative) 
Income per capita and income distribution by caste group 
(quantitative) 
Households below poverty line (see definition in Box 4.1), where the 
poverty line is 1081.94 INR per capita per month (quantitative) 
Land ownership by land size broken down by caste group 
(quantitative) and land tenure by caste group (quantitative) 

Land use profile  
Combines data 
from Section E and 
F 

Land use at landscape level (quantitative) 

Land use by caste group (quantitative) 

Farm practices, 
farm spending 
and returns 

Section F. 
Agricultural 
activities 
 

Tea farms (quantitative) 
Vegetable farms (quantitative) 
Farm spending and returns, global and by caste group (quantitative) 

What-if 
scenarios 

Section G. 
Decision-making 
and scenario testing 

Decisions related to labour shortages (quantitative and qualitative) 
Decisions related to tea crisis (quantitative and qualitative) 
Policies and interventions-benefits of participation (quantitative and 
qualitative) 
Participation in hypothetical land use interventions (quantitative and 
qualitative) 
Land use practices that could influence participation in land use 
interventions (quantitative and qualitative) 
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Where relevant, results are presented at either household level (n=408) or for all members of 

the households surveyed (n=1602). Data about the household members were obtained from 

the survey respondent.  

In the results I am going to refer to the vegetable land as agricultural land to match the 

Horticulture Department classification. Tea land is classified under plantation land.  

 

The next section presents the results and interpretation of the metrics (Section 4.3). The 

chapter then concludes with the main findings about the socioeconomic and environmental 

characteristics of the study community (Section 4.4) 

 

4.3 Results and discussion of the socioeconomic and environmental 

characteristics of the study area 
 

4.3.1 General*outcomes*

All 408 households asked to take part in the survey gave their consent. One respondent 

withdrew from the survey and another household from the reserve list replaced it. The 

average time per interview was 26 minutes. 31% (126) of the interviews were carried in the 

Tamil language and 69% (282) in Badaga. Gender ratios were balanced with 52% (212) male 

respondents and 48% (196) female respondents. The respondents’ gender ratios can be 

Box 4.1 Poverty line threshold calculation in India 

There are different measures for the poverty line threshold in India, all of which have different 
strengths and weaknesses (Government of India, 2009, Government of India, 2014, Reserve Bank 
of India, 2015, World Bank, 2017). Given different metrics, statistics estimate that between 21.29-
50% of Indian live below poverty line. This study uses India's current official poverty rates based 
on its Planning Commission’s data derived from Rangarajan methodology (Government of India, 
2014). In line with the long practiced method, the Committee recommended the use of absolute 
poverty measures based on monthly per capita consumption expenditure. !It defines poverty in 
terms of consumption or spending per individual over a certain period for a basket of essential 
goods. The methodology sets different poverty lines for each state, and within the state for rural 
and urban areas. The poverty line threshold in the Nilgiris is based on the rural value established 
for the state of Tamil Nadu (1081.94 INR per capita per month).  
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considered representative of the area, with the most recent census showing that the proportion 

of females in the rural population is 49% (Census of India, 2011). 

Of the 408 households, 78.2% (319) had married male heads and 2 were divorced, widowed 

or single (0.5%). Only 1.9% (8) of households had a married woman heading the households. 

The remaining households, 19.4% (79), had a female head that was single, widowed or 

divorced.  

 

4.3.2 In*and*out*migration*

Out of the 408 households 14% (57 households) declared that they migrated into the area. Of 

these 57 households, 81% (46) arrived between 1970 and 1990. A large majority of the 57 

households that migrated into the area are Scheduled Caste (55). The main reason given for 

moving into the area is related to work in 92% (53) of cases, the remaining 8% (4) was related 

to other aspects such as marriage, education, better housing or land access. The arrival of SC 

corresponds with the Indian-Sri Lankan agreements of 1964 and 1974 for the repatriation of 

Sri Lankan Tamils (Hockings, 2012;  see Section 2.4.3.2). The findings are also supported by 

the decennial population growth which shows high rates of population growth in that period 

(Census of India, 2011; see Section 2.4.2). Given that TANTEA was created for the 

rehabilitation of Sri Lankan Tamils in the work sector, around 1960s and 1970s (see Section 

2.4.3.2), it is not surprising that the majority of households declared their move has been 

motivated by work opportunities.  

 

40% (163) of households declared that they have at least one family member (on average 1.74 

members per family) that moved away to a nearby village or outside the Nilgiris district. Of 

these 163 households, 25% (41) had at least one member that moved outside the Nilgiris 

district for better work opportunities with the majority (37) leaving after the year 2000. 75% 

(122) had one or several members moving out after getting married and joining or setting up a 

new household in a nearby village or outside the Nilgiris district. 10% (16) of the 163 

households had at least one member pursuing secondary or higher education outside the 

district. Marriage, education are common, traditional reasons for the out migration of family 

members. The survey revealed a large number of family members have left the area for better 

work opportunities since the year 2000, potentially as a result of the tea crisis. This recent out 

migration is reflected in the depopulation of the area with 2001-2011 being the first decade 

since the beginning of 20th century when the area experienced a negative population growth 
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(Census of India, 2011). A decline in coffee prices, led to an associated 17% population 

decrease in the Nilgiri district of Gudalur between 1891 and 1901 (Raman, 2010). If the 

severe tea crisis affecting a large proportion of the households in the Nilgiris persists, and no 

alternative economic opportunity arises imminently, the area could experience a similar 

population decline. 

4.3.3 Social*profile*of*the*household**

4.3.3.1 Average.family.size.

The average household in the sampled population has 3.73 (SD 1.57) members close to the 

3.5 person average of Tamil Nadu state (IIPS, 2006). The observed difference is probably 

related to the rural profile of the study area, with rural areas usually experiencing a higher 

average family size than urban areas.  

 

4.3.3.2 Religion.and.association.membership..

All the households except one (407) identified themselves as being Hindu. The non-Hindu 

household identified as Christian. The proportion of Hindus is higher than the district average 

of 77% (Department of Economics and Statistics, 2017). The variation is partially due to 

regional demographic differences. For example the Gudalur sub-district, which is at lower 

altitudes and boarders the state of Kerala, has a higher proportion of Muslims compared to 

higher altitudes regions, like the Kotagiri sub-district (Department of Economics and 

Statistics, 2017). The variation is also due to village traditions and customs (Hockings, 2012). 

Those that convert to a different religion are excluded from the villages and live in separate 

agglomerations of households. Only Hindu villages occurred in the village selection process 

meaning non-Hindus were unlikely to be encountered as respondents within the survey area.  

Religious homogeneity has implications for diet and food security. Different religions and 

caste affiliations dictate the type of products that can be consumed in a household. For 

example Christian households consume meat, while most Hindus in the Nilgiris do not. 

Consequently the results of the survey are most representative for the Hindu households of the 

Nilgiris.  

 

Of the total population sample 59% (242) have no membership to an association. 33.8% (138) 

are part of a financial self-help group (loans or savings), 5.1% (21) are members of a village 

association and 1.7% (7) is part of a farmers’ association.  
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The high proportion of households belonging to financial self-help groups (SHGs) is likely 

due to high levels of indebtedness with 75% of rural India households believed to be indebted 

as a result of marginal returns from farming (Narayanamoorthy, 2006). The SHGs play an 

important role in communities. They are the main form of loan access and have a strong 

repayment record because they are grounded in the theme of collective community 

responsibility with a strong moral undercurrent that acts to enforce loan repayment (Pritchard 

and Neilson, 2009). Nevertheless, these groups only offer temporary support in periods of 

critical financial insecurity. SHGs can rarely support farmers to increase productivity or 

switch to more profitable crops or alternatives, which means that farmers continue to be 

trapped in deteriorating livelihoods.  

In terms of the households declared to be part of farmers’ association it is believed the 

number is underreported. It might be that the question design led farmers into thinking they 

should report only the agricultural association membership and not that of tea growers. Based 

on communication with Tea Board tea growers are part of either Nilgiris Small Tea Growers 

Association or the Nilgiris Small and Tiny Tea Growers Association.  

 

4.3.3.3 Gender.of.sampled.population.

Of the 1602 people in the 408 households surveyed 49.5 % (793) were male and 50.5% (809) 

were female. The ratio between male and female is balanced in the sampled households in all 

of the three castes surveyed (Figure 4.1).  

 

 
Figure 4.1 Frequency bar chart showing the number of individuals in each caste by gender (n=1602). 
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Official data available on SCs and STs suggest that the survey is also representative of gender 

ratios by caste group with 49.2% of the SC population and 49.6% of the ST population 

estimated to be male according to the last census (Census of India, 2011). 

 

4.3.3.4 Education.

81% (933) of the population living in the sampled households is literate. By gender, 70.3% 

(428) of the sampled female population is currently in education or has attended school 

compared to 91% (505) of the male population. The literacy rate of the sampled population 

falls between that of Tamil Nadu State, 80.1%, and that of the Nilgiris district, 85.2%, 

(Census of India, 2011).! A lower proportion of literate women was observed in the study area 

than is reported at the district level (78%). The ST population may influence the difference in 

the proportion of literate women. STs have a lower level of education among women and live 

predominantly in the survey area. A higher proportion of STs in the sample population may 

therefore be pulling down the female literacy rate in comparison with the Nilgiris as a whole. 

The proportions of literate men in the survey was the same as the district level, 91% (Census 

of India, 2011).! 

 

All three communities are represented in primary, secondary and tertiary education (Figure 

4.2). Badagas are the group with the smallest number of people with no education (0 years) 

and the largest proportion of individuals attending higher education (over 12 years). STs show 

the reverse trend with a low number of people with higher education and a high number of 

individuals with no years of education. As the number of years spent in education increases, 

the proportion of Scheduled Tribes in education decreases. SCs have higher proportions of 

individuals with 5 years of education or more than STs.  
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Figure 4.2 Chart showing the percentage of individuals from each caste by number of years in education  (n= 1602). 

 

There are no official data available for literacy rate by caste, but the results show expected 

outcomes based on observations of the area and its historical context. Badagas were the first 

group to have access to education, whereas STs, who live primarily in forests and have 

limited financial resources, have only begun to engage with education more recently. SCs 

have access to primary and secondary education, but only a small fraction has the means to 

pursue tertiary education. 

4.3.3.5 Main.occupation.and.time.worked.on.the.farm.

Of the total population sampled (1602), 48% (767) qualified as non-workers and the rest 

worked on their own farms, as labourers or had other off-farm jobs.  

More specifically, 9.7% (155) of the total population stayed at home and looked after the 

household (only women were reported), 23.7% (380) were still in education at the time of the 

survey, 232 (14.5%) stayed home as a result of being a child or retired or having a handicap 

or disease, 31.6% (506) were employed as labourers on the local farms, 11.6% (186) were 

practicing farming on their own lands and 8.9% (143) had off-farm jobs (Figure 4.3).  
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Figure 4.3 A bar chart showing the number of individuals by category of occupation (n= 1602) 

Census data shows a small difference in the number of individuals that qualify as non-

workers, 52.5% (Census of India, 2011) compared to the sampled population (48%). Larger 

differences are observed in terms of the working population, when broken down by different 

activities. For example, the census identifies that 34% of the Nilgiris population works off-

farm (Census of India, 2011), almost 4 times the proportion identified by the household 

survey. Furthermore, the census found that only 10.7% of the population is working as 

labourers on the farm, whereas the survey found three times as many. These disparities occur 

as the census data includes urban centres and is therefore expected to have a higher proportion 

of off-farm activities compared to the rural survey population. The results of the study should 

thus be discussed in the rural context and not the whole of the Nilgiris.  
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of India this is expected to increase (Government of Tamil Nadu, 2017). In the last decades 
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working their own land or have sold their land and now work as labourers on others’ land 

(Government of Tamil Nadu, 2017). If the work force is not absorbed at a faster pace then the 

state could be faced with increasing poverty and food insecurity, or a rural exodus.  

 

When the main occupations for each caste group are explored Badagas have the highest 

proportions of housewives, employed individuals and farmers than SCs and STs (Figure 4.4). 

SCs and STs have a higher proportion of individuals in education at the time of the survey or 

as labourers in comparison to the Badaga group (Figure 4.4). 

 

 
Figure 4.4 Stacked columns chart showing the proportion in each occupation of the caste groups (n= 1602) 

These patterns were expected, as it is more common in the Badaga caste for women to stay 

home and look after the household. In SCs and STs both men and women have to get 

employment in order to meet living costs. It was also expected for Badagas to have the 

highest proportion of farmers given they are the main landowners whereas SCs are the main 

labour force in the Nilgiris.  

 

Farmers that work on their farm work between 10 to 165 hours per month, with an average of 

35.8 hours per month. Labourers work 6 days a week, 26 days per month for a total of 164.14 

hours per month or 6.31 hours on average per working day. Srinivasan (2015) reported that 
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Srinivasan’s focus on labourers employed by company estates in the Nilgiris. Estate labourers 

have to comply with working hours or are given bonuses for plucking more tea so they are 

incentivised to work longer hours. This study did not discriminate between company 

plantation workers and labourers working on private plantations, so the results can be seen as 

an average or somewhere between the two categories.  

4.3.4 Economic*profile*and*landownership*

4.3.4.1 Income.by.source,.mean.annual.income.and.mean.annual.income.per.capita.

Salaries are the main source of income for 68% (277) of households (Table 4.2). Three 

quarters of these salaries being labourers’ wages. This high proportion was anticipated given 

that the largest proportion of working force is engaged in off-farm activities or they work as 

labourers (see Section 4.3.3.5).  

 
Table 4.2 Proportion of households classified by their main source of income (n=408) 

Sources of income* Percentage of households (%) 

Farming (vegetables and plantation) 22 

Salary (off-farm work and labourers) 68 

Other sources (e.g. relatives send money) 7 

Non-timber Forest Products, Public/Environmental allowances 3 

* Households can have one or several sources of income. This table classifies the households only by their 
primary source of income  
 

The mean annual income per household is calculated as 114,700 Indian Rupees (INR) or 1170 

US Dollars ($). Data on the mean annual income of a household provided in the literature 

shows great variation. A survey across India showed that the mean annual income for a 

farming household was 25,380 INR ($395) in 2003 and that relatively developed states like 

Tamil Nadu and West Bengal were below the national average, which was attributed to low 

agricultural productivity and market constraints (Narayanamoorthy, 2006). A more recent 

study found that in 2013 Tamil Nadu annual average income of a farming household was 

85,030 INR or $1,326 (Ranganathan, 2014). In both cases this is lower than the average 

annual income identified in the survey and the difference could be the result of the survey 

averaging the result not only across farming households but also across those that have off-

farm incomes. 

According to the survey the average annual income per capita is 30,750 INR ($313). The 

Human Development Report provides a state value of 57,131 INR or $831 (Government of 
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Tamil Nadu, 2017), almost double the value reported in the sampled population. This 

difference in averages could manifest due to the Nilgiris district relying on a plantation crop 

that is highly unprofitable, compared to other districts of the state that are predominantly 

supported by more profitable forms of agriculture. The difference could also be the result of 

the Government of Tamil Nadu (2017) accounting for both urban and rural areas as opposed 

to the household survey that focuses on rural areas, which have lower incomes. These 

widespread differences indicate the difficulty of measuring income, and the importance of 

having more conservative interpretations of the results that are related to revenue (Angelsen et 

al., 2011). 

 

4.3.4.2 Mean.annual.income.per.capita.and.annual.income.distribution.by.caste.

 

Mean income per capita varies significantly between the different castes (Kruskal-Wallis chi-

squared = 35.905, df = 2, p < 0.001) with SC having the highest income, followed by Badagas 

and then STs (Figure 4.5). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4.5 Boxplots showing the annual per capita income of respondents by caste group (n=408) 
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The income categories of households across the three castes show that Badaga households are 

represented proportionally between different income groups. SCs have more households in 

the upper income groups (over 100,000 INR/year) and the STs in the lower income groups 

(under 100,000 INR/year; Figure 4.6).  

 
Figure 4.6 Stacked columns chart showing the proportion of households in different annual income categories by caste 

(n=408) 

Looking at the differences that occur between castes, in terms of income per capita ( 

 

Figure 4.5) and total income distribution (Figure 4.6), the most surprising observation is that 

SCs have the highest income per capita and the largest proportion of households with earnings 

greater than 100,000 INR. It is believed that this figure is overestimated as a result of the 

sampling method, which asks workers what their daily wage is and how many days they work 

on average per month. Some marginal workers who work between 0-6 months per year might 

overestimate the amount of work they can obtain in a year or find it difficult to calculate a 

value when they live on daily jobs. To a lesser extent this applies to STs as well. Under these 

circumstances it is considered that the incomes of the SCs and STs are likely to be inflated 

and almost certainly in reality they are lower than those of Badagas, which are closer to 

official values. It is believed that the RPG and the ABM will not be affected because only 

data about Badagas is used.  
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4.3.4.3 Households.below.poverty.line.

There is a large difference in the proportion of households below the poverty line between SC 

and the other two communities sampled. While only 4.7% (5) of SC households are below 

poverty line, 25.2% (66) of the Badaga and 27% (10) of ST households are categorised as 

below the poverty line.  

These results differ from the official data, which shows a significantly higher number of SC 

households below poverty line. The Human Development Report estimated that in 2011-2012 

there were 24% of SC below the poverty line (Government of Tamil Nadu, 2017), which is 

six times higher than the survey results. Given that incomes are likely to be overestimated in 

the current study (see Section 4.3.4.2) state data are expected to be more representative of the 

local realities. Variation between the survey findings and those of the official data did not 

vary to the same extent for STs where official data again report that 24% of households are 

below the poverty line (Government of Tamil Nadu, 2017). 

Comparing observed and reported results is more difficult for the Badaga community. 

Households belonging to Badagas that are below the poverty line fall under a broader caste 

category referred to as Other Backward Communities of whom 13% are estimated to be 

below the poverty line (Government of Tamil Nadu, 2017). This is about half of the 

estimation of the household survey. Furthermore the estimates of the Human Development 

Report are based on Tendulkar committee recommendations (Government of India, 2009) that 

offer more conservative estimates of the number of households below poverty line, with 10 

percentage points less for the national average, compared to the Rangarajan committee 

recommendations (Government of India, 2014) on which this study was based.  

 

4.3.4.4 Land.ownership.by.land.size.and.land.tenure.

48% (196) of the sampled households own land. ST is the group with the highest proportion 

of landowners (76% or 28) followed by the Badaga (60% or 160). SC is the community with 

the largest number of households that are landless (98% or 104; Figure 4.7). Most of those 

households that own land in all three castes have farms that are smaller than 5 acres (2 

hectares) in size (Figure 4.7). The average land size across all landowners is 2.03 acres (0.8 

hectares). Only STs and Badagas have land over 5 acres in size. Between these two 

communities Badagas have the largest proportion of households with landownership greater 

than 5 acres. 
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Figure 4.7 Stacked column chart showing the proportion of households from each caste that own land of different sizes 
(n=408) 

 

 

 

As only two Scheduled Caste households own land, land tenure results are presented for 

Badagas and Scheduled Tribes only. Most Badagas own land with rights, patta, (87% or 136) 

and a smaller proportion have leased their land (13% or 20; Figure 4.8). In contrast Scheduled 

Tribes mostly own forestland without state rights (69% or 20) or patta land (31% or 9). Land 

ownership and tenure represent central reasons why the research has focused on Badaga 

community in the RPG and ABM.  
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Figure 4.8 Stacked column chart showing the proportion of households in the Badaga and Scheduled Tribe Castes by type of 
land tenure (n=186, n refers to landowners) 

 

Land ownership, farm size and land tenure results show large discrepancies between the three 

communities, but they fall within the characteristics of the caste groups in the study area 

where SCs and STs are among the most vulnerable groups in terms of land ownership and 

property rights (see Section 2.4.3).  

The average land size in the sampled population is considerably lower than that at national 

level of 1.37 ha (Chand et al., 2011) but matches the state average of 0.83 ha and is only 0.06 

ha lower than that of the Nilgiris district average (National Informatics Centre, 2011). The 

small average land size of the households within the district is probably the result of rapid 

population growth in the previous century (see Section 2.4.2), which led to widespread land 

division. Average land size is not expected to reduce further in the immediate future given the 

current negative population trend. On the contrary land abandonment, as a result of 

unprofitable agriculture, may lead to land aggregation in the hands of moneylenders or real 

estate companies.  

4.3.5 Land*use*profile*

4.3.5.1 Land.use.at.landscape.level.

The type of land owned in the landscape is predominantly plantation land followed by 
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the landscape) and a trivial proportion of households own land where native or secondary 

vegetation is growing. 

 
Table 4.3 Percentage of households that own different land of different use types (n=408) 

Land type 
Number of 

households 
Percentage of households (%) 

Pastureland 0 0 

Agricultural land 57 14 

Plantation land (tea, coffee, fruit trees) 179 44 

Native vegetation (natural grassland or shola) 8 2 

Secondary vegetation 3 1 

 

On agricultural land, farmers plant between 1 and 5 main crops annually (Table 4.4). The 

types of crops grown in the area are: carrot, cabbage, potato, bean, pea, pepper, brinjal 

(aubergine), radish and beetroot. One household reported growing maize; there were no other 

households that cultivated cereals. 
Table 4.4 Number of crops grown by agricultural landowners in one year (n=56) 

Number of crops grown that year Number of households 
growing crops 

Percentage of households 
growing crops (%) 

1 8 15 

2 11 19 

3 29 51 

4 7 12 

5 1 3 

 

Data regarding land use conversions shows that 27% (109) households had converted land in 

121 separate instances. 84% (102) of all conversions (121) occurred between 1960 and 1990. 

The two main reasons for conversion were ‘unprofitable land use’ (65% or 71 households) 

and for ‘cash crops’ (26% or 28 households). The remaining 9% (10) converted for other 

reasons (labour shortage, natural disaster, logging restrictions, changes in land rights). With 

the exception of three households, all land was converted into tea land (Table 4.5). 
Table 4.5 The number and proportions of households undertaking different types of land conversions  

Previous land use Current land use Number of households 
that converted land 

Percentage of households that converted 
land (%) 

Agricultural land Plantation 71 65 
Forest Plantation 35 32 
Pasture Plantation 0 0 
Plantation Forest 1 1 
Other Vegetables 2 1 
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The land use profile of the area shows some anticipated outcomes. In the last century the 

Nilgiris district had experienced a significant decline in grassland (see Section 2.4.4) at the 

expanse of more lucrative crops. In this context it should not be seen as surprising that 

households that once owned pastureland, have converted their lands and have a trivial number 

of livestock. The findings are also reflected in the district’s governmental data (Department of 

Economics and Statistics, 2017).  

The widespread land conversion observed in the sampled population is also supported by the 

historical changes in the area. Agricultural area was gradually lost to tea plantations after 

1960 up until the tea crisis in 2000. Since then the crisis has persisted, with no end in sight 

(Venugopal, 2004). Future prospects show that land use changes are likely to be observed 

with farmers either abandoning their land (Chetan et al., 2012) or converting to a more 

profitable crop. While land abandonment can have undesired livelihood implications, there is 

a lot of potential for ecological restoration in the abandoned plantations (Chetana, 2013). 

4.3.5.2 Land.use.at.community.level.

!
Badaga  
58% (156) of Badagas grow tea. Of these 77% (120) grow tea on farms smaller than 3 acres. 

20% (53) of Badagas grow vegetables and out of them 62% (32) have less than 1 acre of 

agricultural land and 38% (20) between 1-3 acres. Of the Badagas that own land (160), 26% 

(41) grow both vegetables and tea. There are very few fruit trees and coffee plants grown on 

Badagas’ land. The small numbers cultivated are for household consumption only. 

Scheduled!Tribes!

56% (21) Scheduled Tribes households grow tea, 48% (18) grow coffee and 15% (9) grow 

vegetables with almost all households owning less than 3 acres of land. Similar to Badagas, 

fruit trees are grown in small numbers, intercropped and only for household consumption.  
 

The main difference in land use between the STs and the Badagas is related to land size 

(which has already been addressed in Section 4.3.4.4) and coffee growing. Historically, the 

Scheduled Tribes took to the cultivation of coffee under forest cover whilst Badagas switched 

from vegetable growing to tea and kept only a few coffee plants for household consumption. 
 



 142 

4.3.6 Farm*practices*and*farm*spending*and*returns*

The data regarding livestock show that few households continue to own animals around their 

farm. Only 3% (13) of the households interviewed own cattle with less than 5 animals each, 

while another 3% (14) and 2% (9) respectively own poultry and goats.  

 

4.3.6.1 Tea.farms.

The mean tea yield in the landscape is 3,424 kg of green leaves per acre (1st Quartile: 2,350 

kg, 3rd Quartile: 4,000 kg). The number of plants grown in an acre gives a measure of tea 

farming intensity. This varied widely in the area: between 750-6500 plants per acre (Table 

4.6). Within tea plantations farmers intercropped jungle wood, from 0-100 trees per acre, and 

exotic trees, from 0-150 trees per acre (Table 4.7). 44% (80) of the tea growers declared they 

make income from timber sale. In terms of fertilizers and pesticides, 98% (176) of all tea 

growers (179) declared that they use chemical inputs and 6% (11) use organic inputs. Most of 

the tea growers 97% (173) apply fertilizers ‘when funds are available’ or once a year. 

 
Table 4.6 The number and proportion of households by category of tea plant density  
No of plants per acre Number of households  Percentage of households (%) 

< 3000 plants per acre  38 21 

3000-3500 plants per acre 68 38 

>3500 plants per acre 73 41 

 
Table 4.7 The number and proportion of households by density of intercropped wood category  
Type of trees intercropped Number of households Percentage of households (%) 
Jungle wood    
0 130 73% 
< 10 trees/acre 37 20% 
11-30 trees/acre 9 5% 
>30 3 2% 
Exotic trees (Silver Oak)   
0 89 49% 
< 10 trees/acre 35 19% 
11-30 trees/acre 26 15% 
>30 29 17% 

 

The majority of tea plantations in the study area have a suboptimal number of tea plants per 

acre when compared to UPASI recommendations of 5,263 plants per acre or 13,000 plants per 

ha (UPASI, 2015a). The mean annual yield is slightly under the one estimated by the Tea 



 143 

Board at 3,582 kg of green leaves per acre. The number of trees intercropped and the quantity 

of pesticides and fertilizers used is also considered suboptimal, with UPASI recommending 

100 trees per acre and at least 2-3 sprays a year, compared to once a year most of the farmers 

in the Nilgiris perform (UPASI, 2015b). The net income obtained from tea plantations is in 

line with previous findings and it represents less than half of the net income obtained by large 

growers, estimated at about 45,000 INR (Viswanathan, 2012). Large growers are considered 

those that have 10 ha of plantation land or more.   

In this context it can be appreciated that there is considerable potential to increase production 

on the farm and close the yield gaps by increasing the density of plants per acre, applying 

fertilizers and pesticides in a timely manner and increasing intercropping with trees. However, 

closing the yield gaps is challenging, in some regards, given the impediments that small tea 

growers face across India. Goswami (2006) provides a comprehensive list of these major 

challenges. First, the majority of the tea bushes are 50 years or older and have passed the most 

productive age. Uprooting of these bushes and replantation is required to increase 

productivity. Given the low tea prices small tea growers do not have enough funds to maintain 

the plantations properly or ‘revitalise’ them. Nor do they have the motivation to do so when 

they are faced with high costs of production (wages, inputs, pruning etc.) and marginal 

returns. In addition, declining soil fertility, resulting from high chemical inputs, becomes a 

major impediment in increasing productivity.  

The usual response of Indian policy makers to rural hardship has been to implement price 

floors or direct subsidy payments, with the objective of securing farmers’ livelihoods in tough 

times. These measures have been taken in the Nilgiris in the past, but they do not represent a 

sustainable approach in the long term. A more far-sighted strategy would be to focus on auto 

sustainable alternatives such as quality improvements in tea plantations. By instigating 

‘cultural change’ within the smallholder sector that focuses on improved field maintenance 

and increased plucking of fine leaf grades, higher tea prices and consequently improved 

livelihoods could be attained (Pritchard and Neilson, 2009). Such measures have been 

promoted following the start of the tea crisis and so far the results are encouraging. UPASI 

has implemented the Quality Upgradation Programme sponsored by the Tea Board of India in 

collaboration with a number of Government and Non-Government agencies. In some cases 

the price per kg have increased from 8 INR to 14 INR and on average participating 

households have obtained 3 INR per kg more (Pritchard and Neilson, 2009). 
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4.3.6.2 Vegetable.farms.

There were four main vegetable crops (cabbage, potato, beans and carrot) grown by farmers 

out of the nine types reported in the household survey. The crops have different yields, costs 

of production and cost-benefit ratios (Table 4.8). 

 

In one agricultural year farmers declared that they chose to plant either for two or three 

seasons of cultivation. The choice to cultivate a third season or not is based on the success of 

previous years, current climatic conditions, available capital and market prices.  

 
Table 4.8 Comparison between the cost-benefit ratios, production costs and yields of the four main crops grown in the study 
area according to secondary data from UPASI and primary data from the household survey (n=62, n refers to vegetable 
growers) and farmers’ workshop. 

Source Indicator Cabbage Carrot Beans Potatoes 

UPASI Cost-benefit ratio 1:1.50 1:1.60 1:1.9 1:1.3 

UPASI Mean yield (kg per acre) 30,360 11,000 4,641 4,858 

Household survey Mean yield (kg per acre) 20,537 5,300 4,575 8,685 

Household survey First quartile (Q1) 12,500 2,425 2,300 7,804 

Household survey Third quartile (Q3) 28,500 5,000 6,000 9,353 

Farmers’ workshop Mean cost of production (INR per kg) 3,07 12 13 15 

Household survey 
Min. production on farm (kg per 

acre) 
600 1,000 600 6684 

Household survey 
Minimum budget spent on crop 

production (INR per acre) 
1,842 12,000 7,800 100,263 

Household survey 
Maximum production on farm (kg 

per acre) 
40,000 20,000 14,000 10,457 

Household survey 
Maximum budget spent on crop 

production (INR per acre) 
184,200 220,000 173,000 150,000 

 

4.3.6.3 Farm.spending.and.returns.

On average the cost of vegetable cultivation is six times higher than the costs with tea, while 

the return is nine times higher for vegetable crops in comparison with tea. 84% of the farmers 

declared that the current price they are selling tea for is below 10 INR per kg and the 

remaining 16% obtain between 10-15 INR per kg. The mean net income from tea is 18,000 

INR per acre while for agriculture is 84,000 INR per acre. 
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On average a Badaga households spends 23,206 INR per acre per year in farming costs. This 

figure is almost three times as high as the average spending per acre per year for ST 

households, 8,630 INR.  

 

The household survey’s key finding with regards to vegetable agriculture is that regionally 

vegetable cultivation is more profitable than tea. While conversion from tea to vegetable 

agriculture could considerably improve the livelihoods of farmers, there are numerous 

impediments in pursuing this transition. The cost of uprooting tea plants and preparing the 

land is very high and farmers need to invest more money in vegetable cultivation at the 

beginning of the agricultural year. There are also more risks associated with agriculture based 

on climatic conditions, which affect the number of successful cultivation seasons in a year. 

Furthermore, vegetable agriculture is more labour intensive. By contrast once the tea 

plantations are set up they are easier to manage, have lower maintenance costs and their 

incomes are spread throughout the year.  

Finally, the differences that occur between the STs and the Badagas in terms of farm spending 

and profits are expected. STs do not have a history of practicing agriculture to the same extent 

as Badagas do (Hockings, 2012). For STs agriculture has been undertaken as part of more 

diversified livelihoods but may represent an opportunity in adapting to a new lifestyle 

(Keystone Foundation, 2007).  

4.3.7 What*if*scenarios?future*land*use*policies*

4.3.7.1 Labour.shortage.

Local communities ranked labour shortage as an important what-if scenario to be tested. 81% 

(330) of the respondents declared that if faced with labour shortages they would compensate 

by having members of their family help with work, whereas 13% (55) said they would help 

their neighbours so their neighbours could help them in return. The remaining 6% (23) 

declared they would take one of the following actions: abandon land, move to the city, 

convert their land to another use, reduce the area under cropping or rely more on money from 

children or relatives.   

At the state level there is evidence of an increasing labour work force (see Section 4.3.3.5). 

However, the Nilgiris farmers have already joined forces in harvesting each others’ 

plantations in periods of labour shortages (Radhakrishnan, 2016) and nearby coffee 

plantations have also reported labour shortages (Robbins, 2015). The true extent of the labour 
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shortage and how it manifests locally requires further assessment before definite conclusions 

can be drawn.   

If the labour shortage persists or accentuates in the future the majority of respondents will aim 

to find solutions within their household or social network before decreasing production or 

abandoning their lands. Given farmers’ willingness to find adaptive mechanisms to labour 

shortages any analysis of future scenarios in the area must pay attention to the lags that occur 

from when the true labour shortage manifests and when land abandonment occurs. 

4.3.7.2 Tea.crisis.

100% (408) of the sampled households declared that the current price of tea is too low to meet 

livelihood needs. 31% (128) considered that a fair price should be between 10-15 INR per kg, 

whereas 60% (244) considered that it should be somewhere between 16-20 INR per kg. When 

asked if they would still grow tea if the tea price continued to stay below 10 INR per kg, 46% 

said they would not. Furthermore, two thirds of the households (272) declared that young 

family members are not interested to practice or engage in agriculture in the future.  

Many farmers are unsatisfied with current prices, and consider leaving tea cultivation. The 

minimal income from tea and high levels of debt mean that there are limited options for local 

communities to adapt to the challenge of the tea crisis. A failure to identify new agricultural 

policies that could boost the local productivity and provide more sustainable livelihoods, 

coupled with a disinterested young generation means there is a risk of widespread land 

abandonment.  

4.3.7.3 Policies.and.interventions:.benefits.of.participation.in.future.interventions.and.

willingness.to.participate.

 

Interventions!found!in!the!landscape!and!benefits!of!participation!in!future!

interventions!

When asked about the benefits, subsides interventions or programmes available in the 

landscape to support both the environment and agricultural production only 7% (28) 

respondents were able to name any. There were 10 interventions mentioned, 5 related to tea 

cultivation, 2 related to agriculture, 2 are common for both agriculture and tea and one is 

related to non-timber forest products (Figure 4.9).  
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Figure 4.9 Policies and interventions available in the landscape mentioned by households in the survey (n=28)  

 

Most of the accessed agro-environmental programmes have been in the form of extension 

services directed by four main state and research institutions: Tea Board, UPASI, Horticulture 

Department and the Forest Department. Only two NGO programmes, WWF and Keystone 

Foundation, were mentioned. Interviews carried out with all these institutions (except WWF) 

suggest more farmers have been exposed to these programmes and services than was reported, 

along with additional programmes that weren’t mentioned, such as The Quality Upgradation 

Programme (see Section 4.3.6.1). Nevertheless, the results suggest there is still space to 

increase awareness, access and participation among the surveyed communities.  

Furthermore, the study area appears to have been exposed to a considerably smaller number 

of interventions than many other parts of Western Ghats landscape (see interventions list in 

ATREE and CEPF, 2013). Moreover, the types of programmes mentioned appear to focus 

more on increasing productivity and improving livelihoods with a limited environmental 

dimension with the exception of the programs run by WWF and Keystone Foundation. Thus, 

future programmes could benefit more from an environmental element and most importantly 

from a combined livelihoods and biodiversity conservation approach.  

When asked about whether there is a value in introducing interventions that benefit both the 

environment and agriculture 99% (407) of the respondents answered positively. Their support 
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for such interventions stems from different motivations that are grouped into three main 

dimensions: social dimension (8% of households), productivity dimension (47% of 

households) and environmental dimension (21% of households; Table 4.9). A fourth class 

refers to those that could not provide an answer, hesitant dimension (24%).  
Table 4.9 The frequency with which farmers associate different benefits with the introduction of land use interventions 
aiming to improve production and the state of the environment (n=407) 

Benefits of participation Number of households 

Community benefits (SOCIAL DIMENSION) 33 

Good for farmers 1 
People will engage in agriculture again 7 
More young people will be attracted by agricultural sector 4 
Allows increases in labour income 1 
It benefits community at large 19 
More support for all farmers 1 
Productivity benefits (PRODUCTIVITY DIMENSION) 192 
Food productivity will increase and that means higher incomes 119 
Agriculture will develop 71 
Without long term planning agriculture cannot bring benefits 1 
Enhances vegetable production 1 
Environmental benefits (ENVIRONMENTAL DIMENSION) 84 
Better management of chemicals 2 
Prevents the environment from degrading 14 
Water sources will increase 27 
Better environmental quality 35 
Because of aesthetic value of the landscape 1 
Prevents deforestation 4 
Good for soil fertility 1 
Could not provide an answer (HESITANT DIMENSION) 98 
No answer 47 
Cannot say exactly why 51 
!

Participation!in!land!use!interventions!

Aside from the benefits of participation in future interventions, the farmers were asked if they 

would participate in interventions that benefit both the environment and agriculture if they 

own or will own land in the future. Out of the 407 households that were interested in the 

interventions, 18% (73) of the respondents do not want to enrol in land use interventions with 

their farms. The rest (334) would enrol based on different conditions: 56.5% (230) would 

enrol in a land use intervention if it carried a financial incentive higher than the farm 

profitability, 6% (25) would enrol only if their neighbours had already enrolled, 17% (69) 
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would enrol because of pro-environmental motivations and 2.5% (10) would enrol as a 

result of a mix of factors or other reasons.    

Accounting for these different motivational profiles could be of significant value to the design 

and success of proposed interventions (Karali et al., 2014, Greiner, 2015). The fact that 

financial incentives are the most common reason for wanting to join land use policies is not 

surprising (Darnhofer and Walder, 2014). But there is also abundant evidence that shows 

policy design that considers ‘soft values’, like farmers’ altruistic behaviour is more effective 

than policy that ignores these factors and solely focuses on monetary rewards (Ryan et al., 

2003, Ahnström et al., 2009, Manner and Gowdy, 2010). Furthermore there is growing 

literature that highlights the importance of accounting for conservation-oriented motivations 

in agro-environmental interventions which in some cases are even more important than 

monetary rewards (e.g. Wilson and Hart, 2000, Ryan et al., 2003, Manner and Gowdy, 2010, 

Karali et al., 2014, Darragh and Emery, 2017, Jóhannesdóttir et al., 2017).  

 

An important and central observation is that the benefits farmers associate with these 

interventions do not always translate into their motivations for participation. When asked 

about the conditions under which they would take part in such interventions the same four 

dimensions manifested, but with slight differences. The first difference is that the social 

dimension observed under the benefits of participation has reduced. Furthermore, when asked 

about participation in interventions, households have translated it into a form of social 

condition, which could be expressed as: ‘if my neighbours benefit then and only then I would 

enrol’. Interestingly there is a significant overlap (in 86% of the cases) between those that saw 

the societal benefits of the interventions (social dimension) and the households that required 

the neighbouring condition. This means that what initially appears to be an altruistic 

dimension (the greater good of the community) is actually a masked form of individual 

consideration based on the societal response to the intervention. 

The second dimension, productivity, remains similar, with farmers wanting to take part in 

interventions for monetary gains dictated by productivity improvements. The third dimension, 

those motivated by pro-environmental beliefs has also maintained its core supporters but its 

dimension has reduced when it comes to actual participation.   

Finally a large proportion of the households that were interested to engage in the interventions 

but could not explain why (the hesitant dimension), have rejected taking part in the 

interventions. This can probably be the case of those households that have no previous 
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experience with programmes or are landless and have no expectation of acquiring land in the 

future. In this case, more targeted interventions should first understand what hindrances there 

are to participation given that households perceive the interventions as being beneficial but 

refuse to join (Greiner and Gregg, 2011). 

 

To conclude, the results align with findings from other continents, the Americas, Australia 

and Europe, which show incentives are only one consideration influencing the participation 

decision (Sorice et al., 2013, Bremer et al., 2014, Greiner, 2015). The findings thus 

demonstrate the importance of accounting for different motivations that stimulate farmers’ 

participation in land use interventions in order to ensure participation by farmers across a 

landscape (Merckx et al., 2009). Knowledge of these motivations could maximise farmer 

participation as well as the intervention’s efficiency (Falconer and Saunders, 2002).  

 

4.3.7.4 Land.use.practices..

In order to determine the feasibility of potential land use interventions to be tested in the 

landscape, farmers were asked a series of questions about their land use practices. Although 

more questions were asked in the survey, in this section only those practices that were found 

relevant for the development of the ABM are included.  

 

The first question refers to farmers accepting an integrated or separated nature and farming 

type of management on their farms or a combination of both. 37% (151) of the households 

answered that they would only accept farming and nature separated on their land (land 

sparing) with more than half of the participants (102) motivated by beliefs that such 

segregation will minimise human-wildlife conflict and enable higher rates of productivity. 

The rest of 63% (256) prefer integration of nature and farming (land sharing). 195 

respondents preferred this option because it is the normal way to practice farming in the 

Nilgiris and because it is important for the fertility of the soils and water availability in the 

fields.  

 

The second question relates to whether farmers accept having native trees on their farms or 

not. 62% (252) would not accept native trees on their farms, whereas 38% (155) would allow 

native trees (jungle wood or fruit trees) on their land. Those that do not want trees on their 

land are motivated by three beliefs: 
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i) That productivity will decrease if tree roots affect the tea plants (153); 

ii) That they will attract more wildlife (34);  

iii) That they will need special permits from the Forest Department to cut down the trees 

and they fear losing their rights over the trees (68).  

This section draws attention to the aspects that need to be considered in the design of local 

policies. It is not surprising that the type of farming practices, whether integrated or separated 

from nature, are a reflection of farmers’ experiences in the field. Farmers have to balance 

between the different economic and social gains and losses that they consider most important 

to them. The fact that most of the farms have planation crops or are working in plantation 

crops where trees are intercropped with tea plants explains why most farms have a vision of 

farming that is closer to a form of land sharing. Other landscapes where farming practices 

favour separation from nature might find the opposite, a preference towards land sparing 

strategies.  

 

An important outcome is the high number of farmers that are averse to having native trees on 

their farms with tree rights playing a major role in their decision. Recent studies show the 

importance of understating farmers past experience with tree rights, along with other factors, 

in order to ensure successful tree planting policies (Garcia et al., 2013, Kakuru et al., 2014, 

Ashraf et al., 2015).  

4.4 Conclusions 
This chapter portrays an image of the Nilgiris landscape with its local communities and land 

use practices, and investigates how the communities might respond to future socioeconomic 

and land use scenarios. Farmers’ response to hypothetical land use policies that aim to aid 

biodiversity conservation and food production are analysed by looking at both the benefits 

that farmers associate with them and their actual willingness to engage with such 

interventions and their motivations to do so. 

The main findings reveal an agricultural economy on which the livelihoods of all three main 

community groups rely directly or indirectly on the success of a single crop, tea cultivation. 

The crisis brought by low tea prices has resulted in a decaying economy with low crop 

productivity and a community with high levels of poverty. There is little interest and 

motivation in the future generation to continue agricultural practices, and land abandonment 

and labour shortages are foreseen if the crisis is to persist. 



 152 

Policies that aim to revitalize agriculture and increase biodiversity are seen with interest by 

local communities. The land users are willing to engage them on their farms provided they 

meet their motivations and aspirations. An interesting observation is that the benefits land 

users associate with these interventions are not the main reasons for which they are willing to 

trial them on their farms. The main reasons that would stimulate participation are monetary 

rewards, social norms and pro-environmental beliefs. Along with understanding the 

motivations for participation, knowledge of the local land use practices, such as preference of 

integration or separation of farming and nature, or accepting native trees on the farm or not, 

are essential in formulating successful management strategies grounded in local realities.   

Achieving conservation objectives in Nilgiris agricultural landscapes needs to account for the 

characteristics that define the landscape, the communities that inhabit them, their land use 

practices and motivations in engaging in biodiversity conservation interventions.  

 

The next chapter adds more information to the social profile of the community by looking 

into aspects of food security. 
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Chapter 5 
 

Food security dynamics and determinants of food 
security  

5 *

5.1 Introduction 
Many scientists have argued that food production must increase substantially to meet the 

needs of a growing human population, and that this poses a threat to biodiversity conservation 

(Adams, 2012, Dudley and Alexander, 2017). This widespread framing of the food–

biodiversity challenge, best known through the debate on LS/LS, has been criticized for its 

limited focus, primarily on food production (Kremen, 2015). Food production is only a means 

to an end; the implied societal goal is to ensure food security (Fischer et al., 2017). 

Understanding how local food security is impacted by policies such as LS/LS is key to the 

success and sustainability of interventions on the long-term (Glamann et al., 2017, Delzeit et 

al., 2017). But so far, debates about food security in the context of the LS/LS framework have 

been ideological in nature, and there is a lack of empirical evidence to inform decisions 

grounded in local realities (Fischer et al., 2014). In the context of current research, where it 

was revealed that the Nilgiris farmers are interested to participate in future LS/LS policies, 

assessing the potential impacts of the interventions on food security offers a good research 

opportunity. However, there is little information on what factors affect the food security of the 

local households, especially in a landscape that has seen dynamic economic and land use 

changes in the last 50 years.  

Previous studies in different regions of the world have identified a complex range of factors 

that can influence household food security. These include: household assets (Guo, 2011), 

household savings and monthly income (Frongillo et al., 1997, Bashir and Schilizzi, 2013), 

financial constraints (Chang et al., 2014), access to credit (Gundersen and Gruber, 2001), 

ownership of livestock (Ali and Khan, 2013), jobs loss and low level of income (Loopstra and 

Tarasuk, 2013), education (Keenan et al., 2001), knowledge of the household about food 

storage, processing, nutrition and management of illness (Riely et al., 1999), corruption, fiscal 

imprudence, debts and policy inconsistency (Akpan, 2009), non-farm work (Owusu et al., 

2011), gender of the household head (Kassie et al., 2014), cultivated land size, fertility of soil, 

irrigation access, number of extension visits, fertilizer use and improved seed (Bogale, 2012), 
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remittances and access to market information, and age of the household head (Mango et al., 

2014), structure of the family and dependency ratio (Asghar and Muhammad, 2013, Bashir 

and Schilizzi, 2013) and infrastructural availability (Gill and Khan, 2010). 

This chapter proposes to build on the previous food security literature to fill in the gap 

identified in the Nilgiris landscape by: 

 (1) Describing the food security changes in the landscape, and 

 (2) Assessing the current determinants of the food security at household level.  

 

5.2 Data and methodology 
The metrics selected to assess food security at the landscape level use primary data from 

focus groups and key informant interviews (see Section 3.4.2), whereas the determinants of 

food security at household level are determined based on primary data from the in-depth 

household survey (see Section 3.4.1). The ‘landscape’ is defined as the area that was selected 

for representation in the ABM (see Section 7.4.2). The outcomes of the food security metrics 

measured are triangulated with secondary data (beyond the ‘landscape’) from district or state 

level, based on relevant literature.  

 

This section will start by introducing the rationale behind the selection of food security 

metrics (Section 5.2.1). It will then continue with introducing the metrics used in measuring 

food security at landscape level (Section 5.2.1.2) and at household level (Section 5.2.1.3), 

before moving to introducing the methods used in analysing the household level data (Section 

5.2.2).  

 

5.2.1 Measuring*food*security*

Food security is a multi-faceted concept, open to interpretation, leading to numerous ways of 

measuring it. Since the concept of food security was first proposed under food balance sheet 

(post World-War I) and broadly agreed as being a human right in the Universal Declaration of 

Human Rights (1948), the definition of food security has constantly evolved conceptually, 

often broadening its meaning by adding considerations of supply and availability, access and 

entitlement, utilization and nutrition to more recently incorporating discussions about food 

sovereignty and sustainable livelihoods (FAO, 2001, Simmons and Saundry, 2012). To date, 

the most widely used definition states that food security is achieved ‘when all people, at all 
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times, have physical and economic access to sufficient, safe and nutritious food to meet their 

dietary needs and food preferences for an active and healthy life’ (FAO, 1996) while the 

World Summit on Food Security stated that the ‘four pillars of food security are availability, 

access, utilization, and stability’ (FAO, 2009). 

Food availability relates to enough food supply being available through production, 

distribution, and exchange (Gregory et al., 2005). Food access refers to the affordability and 

allocation of food, as well as the preferences of individuals and households. Access depends 

on whether the household has enough income to purchase food at prevailing prices or has 

sufficient land and other resources to grow its own food (Gregory et al., 2005). Utilization 

refers to the metabolism of food by individuals, the quantity and quality of food that reaches 

members of the household (Tweeten, 1999). The last pillar of food security, stability, refers to 

the ability to obtain food over time. Food insecurity can be transitory, seasonal, or chronic 

(FAO, 1997). 

 

There are many factors that can act as barriers or promoters of food security and they are 

often interlinked or have complex relationships, demonstrating the challenges of defining and 

measuring food security (Hendriks, 2005, Webb et al., 2006, Coates, 2013). A compendium 

and review of the current metrics shows the complexity, diversity and differences that occur 

by measuring aspects of food security in different ways; the field is awash in measurement 

tools that have ‘many measures, many constructs and many uses’ (Jones et al., 2013). The 

Jones et al. (2013) review concludes that until metrics are standardized and the field of food 

security becomes more homogenized, deciding on an appropriate approach will depend on the 

conceptualization of the construct to be measured and the intended use of the data to be 

collected. It proposes a step-wise approach that acts as guidance in enabling researchers to 

select the appropriate metrics to measure food security. In doing so it considers a range of 

aspects that are essential in determining the right metrics to be used by a study, such as the 

component of food security measured (access, utilization, stability, availability), the 

geographical scale of interest (food security at individual, household, regional or national 

level), time scale (e.g. food security in the past year, in the last week), the use of data and the 

resources available to collect the data (Jones et al., 2013). 

In the context of the current research it was considered important to measure all four pillars of 

food security. The Human Development Report highlights that all food security pillars were 

found to have a significant influence in the level of food security in the Nilgiris district 
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(Government of Tamil Nadu, 2017). The variables measured at landscape level were not 

predefined. The aim was to understand the general trends and themes that occur in the 

landscape. Thus the variables were selected in an exploratory phase (see Sections 3.4.1 and 

3.4.2), prior to conducting the focus groups. The exploratory phase also helped define the 

metrics under the four pillars that were important to measure food security at household level. 

Out of them, one needed special consideration: food utilization. 

5.2.1.1 Food.utilization:.Food.Consumption.Score..

Food utilization at household level can be measured using a number of instruments including: 

Food Security and Vulnerability Analysis (FSVA), Household Food Insecurity Access Scale 

(HFIAS), Food Consumption Score (FCS) and Household Dietary Diversity Score (HDDS) 

(VAM, 2003, 2008, Coates et al., 2007, Kennedy et al., 2013). These instruments have been 

developed by various international agencies, at different times and with different objectives, 

rendering it difficult to compare them. This study propose to use the FCS (Box 5.1) given that 

it has been one of the most widely used instruments, tested in over thirty countries including 

Indonesia, Peru, Bolivia, Ecuador, Rwanda and Gambia (Dibba et al., 2017, Habyarimana and 

Nkunzimana, 2017, Hasanah et al., 2017, Limon et al., 2017).  

One of the main advantages of the FCS is that it focuses on both dietary diversity and food 

frequency, and therefore might be preferred to indicators that exclusively focus on food 

diversity (Jones et al., 2013). Compared to other instruments, such as HDDS, that requires 

higher-level technical skills in data collection, FCS data are relatively easy to collect 

(Hoddinott and Yohannes, 2002). 
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The indicator itself is simple to calculate, the information on which its based can be accessed 

from a household survey and it allows classifying households who are food insecure by 

categorising food consumption groups: poor, borderline, and acceptable (Jones et al., 2013). 

This allows for comparisons to be made from local all the way to national and international 

levels. However, due to dietary differences between regions, the World Food Programme 

recommends for the thresholds between the different consumption groups to be adjusted to 

reflect local realities (VAM, 2008). 

Like all metrics the FCS has a number of limitations. It only captures a snap-shot in time, it 

does not capture seasonal change, nor does it quantify the food gap or capture variation in 

intra-household food consumption (Vhurumuku, 2014). The food group weights and food 

consumption group thresholds, although standardized, are based on certain inherently 

subjective choices and the analysis can mask important differing dietary patterns (for 

example, rice vs. millets consumption) that have an equal FCS (VAM, 2008). These 

limitations can be overcome when paired with other complementary metrics of food security 

including periods of food shortages and coping strategies during these periods as well as a 

qualitative assessment of the local context (Limon et al., 2017). 

Box 5.1 Calculation of Food Consumption Score 

FCS is developed by the World Food Programme and is a proxy indicator of household food 
security, based on the weighted frequency (number of days per week) of intake of eight different 
food groups (VAM, 2008). It is measured as: 

FCS= astaple xstaple + apulse xpulse + avegetables xvegetables + afruit xfruit + aanimal xanimal +asugar xsugar +adairy 

xdairy + aoil xoil 

where ‘x’  is the frequency of food consumption (number of days during the past 7 days on which 
each food group was consumed) and ‘a’ is the weight of each food group. 

 
The weights of the food groups set by the World Food Programme are as follows: cereals and 
tubers (2), pulses (3), vegetables (1), fruits (1), meat and fish (4), milk (4), sugar (0.5) and oil 
(0.5).  
The FCS is computed for each household as a measure of household food consumption. FCS helps 
to classify households in three categories of food consumption based on their core (VAM, 2008):  

• Poor food consumption:  0-21 
• Borderline food consumption:  21.5-35  
• Acceptable food consumption:  35 or more!
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For the study area, specific alterations were made to the Food Consumption Score to better 

reflect the local context, for a variety of reasons (Table 5.1).  

 
Table 5.1 Changes made to the Food Consumption Score data collection methodology and calculation 

Difference from FCS methodology Implications and Alternatives 
(1) Previous research shows that the thresholds for the 
FCS groups (poor, borderline and acceptable) may need 
to be adjusted upwards in situations where nearly all 
households consume sugar and oil regularly, effectively 
establishing a minimum FCS of 7 for all households 
(VAM, 2008, Wiesmann et al., 2009) 
 

 Sugar and oil consumption was reported in nearly 
all households. As a result the FCS thresholds were 
increased to reflect local realities. 

(2) The thresholds set for the FCS groups are based on 
diets where meat consumption is an integral part of the 
locals diet.  
This however does not apply to the study area, where 
caste groups such as Badagas have mainly vegetarian 
diets.  

 Because ‘meat and fish’, receives a high weight it is 
expected for the local FCS to be smaller than those 
on which the thresholds between the groups were 
established by the WFP. In establishing the new 
thresholds consideration should be given to such 
customary diet choices and not penalise the non-
consumption of meat. Thus, it is proposed to reduce 
the thresholds between groups to accommodate for 
the local dietary differences.  

 
(3) Although it is increasingly being used across 
different regions of the world, the FCS has been mainly 
tested in African countries. No studies using this 
indicator have been carried in India. This study will be 
the first to do so. While this is an exciting prospect, 
there are no indicative thresholds for the food groups to 
be used as a country guideline.  
As such this study proposes new thresholds between the 
food groups that are meant to take into account the 
observations made in points (1) and (2).    
 
New thresholds proposed: 
Poor diet:               7-23  
Borderline diet:   23.5-42  
Acceptable:          over 42  

This study did not use the same thresholds as 
proposed by the WFP and the choice of new 
thresholds is somewhat arbitrary. Because of that in 
the analysis of the determinants of FCS the variable 
was maintained as continuous and not as 
categorical (poor, borderline and acceptable) as 
proposed by WFP. This way fewer assumptions 
were made about whether a household is food 
secure or not and the analysis was more targeted on 
understanding the direction and magnitude of the 
different factors impacting FCS.  
 
 

5.2.1.2 Assessing.food.security.at.landscape.level.

 

The changes in food security at landscape level (Table 5.2) used key informant interviews and 

focus group data, carried only in one of the caste groups, the Badagas (see justification in 

Section 3.3). Twelve focus groups were organised with a total of 120 participants. 
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Table 5.2 Measures of the four pillars of food security at landscape level –comparison before and after 1990 

Variable measured Type of data Method 
Food availability 
Food being produced, 
distributed in the area or 
available in the local 
markets before and after 
1990  

Qualitative 
and 
quantitative 

The focus groups (focus groups= 12; individuals =120) 
were asked to establish whether sufficient food is available 
in the area to all households either through own production, 
distribution or local markets. 

Food access 
Proportions of food 
consumed in the 
household coming from 
the farm and bought 
foods before and after 
1990 

Quantitative 

The focus groups (focus groups= 12; individuals =120) 
were asked to establish the percentage of food consumed in 
the household from their own production vs. bought food, 
in the past and at present. Only average results of all the 
focus groups were reported for the two time periods (before 
and after 1990). 

Budget available to buy 
food  

Qualitative 

The focus groups (focus groups= 12; individuals =120) 
were asked to establish whether the available budget to buy 
food was considered sufficient and stable to secure 
sufficient food for the household before and after 1990. 

Food utilization 

Proportion of different 
food groups consumed 
as part of a household’s 
diet before and after 
1990 

Qualitative 
and 
quantitative 

The participants that cook or assist with cooking (focus 
groups= 12; individuals= 48) were asked about the type of 
foods cooked before 1990 and the type of foods cooked 
after 1990 and the proportions of different foods in a 
household’s’ diet? For each village it was reported the 
rough mean value estimated per food type. 

Diversity and frequency 
of food groups 
consumption and 
whether the foods were 
produced on the farm 
before and after 1990 

Quantitative 

20 members over 70 years old that took part in the focus 
groups (n=12) were given a list of 11 food groups (cereals, 
roots and tubers, nuts, pulses, vegetables, meat, fruits, milk, 
fats, sugars, spices) for which they had to agree on the 
reported frequency of consumption (rarely, occasionally, 
frequently, most of the days, every day). 

Sugar and fat intake in 
and after 1990 

Quantitative 

The participants that cook or assist with cooking (focus 
groups= 12; individuals= 48) measured the sugar intake by 
thinking of the rough number of sweetened tea/coffee cups 
they used to consume in the past compared to more recent 
years. For fat intake, they were asked to compare the 
amount of fat that went in the preparation of the main meal 
of the day in 1990 and after 1990. 

Perception of diet and 
conditions associated 
with dietary changes  

Qualitative 
and 
quantitative 

Focus group members (focus groups= 12; individuals 
=120) were asked whether they consider the diet in 2015 to 
be more diverse, nutritious and healthier than before 1990. 
They were also asked about any health issues associated 
with dietary changes that they have perceived. Lastly the 
focus group members had to state what they consider to be 
the most important component of food security 
(availability, access, utilization, stability or stability). 

Food stability 

Seasonal food shortages  Qualitative 
The focus groups (focus groups= 12; individuals =120) 
were asked to establish whether food security is impacted 
by seasonal food shortages and if so what are the causes.  
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The focus groups were formed of both young and elderly community members that cook or 

assist with cooking, farmers that work or used to work the land in the past and people that are 

responsible of family shopping. Key informant interviews were carried out with 8 local 

women who assist in cooking for community functions and events. The data were used to 

triangulate the results of the focus groups.  

In understanding the changes in food security in the landscape comparisons were made before 

and after year 1990, which represents the year of transition between two economic periods. 

The first one, between 1960-1990 is defined by a fast expansion of plantation agriculture with 

high rates of land conversion and economic development. The second period after 1990 is 

characterized by a deceleration of land conversion and transition into an economic crisis.  

 

5.2.1.3 Determinants.of.food.security.at.household.level.

 

The present status of food security used data only from the in-depth household survey 

(n=408) on the three caste groups: Badagas, Scheduled Caste and Scheduled Tribes.  

 

Descriptive statistics was used to look at some key food security related aspects:  

! Proportion of foods produced on the farm retained for household consumption; 

! Food availability:  

• Proportion of households that consider food accessibility to be a problem 

• Proportion of households that are part of the Public Distribution System (a 

government-sponsored chain of shops entrusted with the work of distributing basic 

food and non-food commodities to the needy sections of the society at subsidised 

prices). 

Mixed Effects Models (Section 5.2.2), were used to assess the relationship between different 

economic, social and land factors and three pillars of food security (Table 5.3):  

! Food access: Food Budget 

! Food utilization and access: Food Consumption Score 

! Food stability: Food Shortage 
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Table 5.3  Fixed and random explanatory variables used for assessing the food security under three of its pillars (access, 
utilization and stability) 

Variable Data type Description 

Response variables   

FCS Continuous See Section 5.2.1.1 

Food Budget Continuous 

A composite of two variables measured in the 
household survey: the average food monthly budget 
declared by the household, and the monetary value 
of the proportion of production retained for 
household consumption. 

Food shortage 
Categorical 

2 levels: Yes/No 
 

A variable that measured if the household did not 
have sufficient food to satisfy the household 
demand in the last month, and as a result at least 
one member of the family went to bed feeling 
hungry. 

Fixed Effects   
Economic factors 
(INR)   

Income (total)  Continuous 

A measure of all sources of revenue of all 
household members in a year. It is composed of 
income generated through farming activities 
(agricultural income), labour and off-farm income 
(salary) and other sources. 

Agricultural Income  Continuous The amount of money that a family obtains from 
selling all or a part of the crop.   

Salary (Labour and 
off-farm Income)  Continuous The amount of money a household obtains from 

paid work, either as farm labourer or off-farm work. 
Land Assets (acres)   
Landholding 
Agriculture Continuous The total amount of agricultural land a household 

owns. It only refers to land for vegetable growing.  
Landholding Tea Continuous The total amount of plantation land owned. 
Social Factors   
Family size Integer - 

Education level Integer Represents the number of years in education of the 
most educated household member.   

Caste Categorical 3 levels: 
ST, Badaga, SC Refers to the three communities analysed. 

Household type Categorical 2 levels: 
Female/Male headed 

Refers to the gender and marital status of the 
household head. 

Farm Production   

Number of trees grown Continuous Refers to the total number of trees a family has on 
both tea and agricultural land combined. 

Cost of farming! Continuous 

Refers to the cumulative cost of fertilizers, seeds, 
irrigation, clearing the land, transport to the market 
and labour costs that a household enquires over an 
agricultural year. 

Number of crops 
grown on farm Categorical 9 levels 

Other   

Distance to Market 
Categorical 3 levels: 
2 km, 2-10 km; >10 

km 

Refers to the distance the family members have to 
travel to the market were they regularly shop. 

Random effects   
Village Categorical 13 levels 
Enumerator Categorical 9 levels 



 162 

Two of the variables, ‘Landholding size’ and ‘Annual crop productivity’, were removed from 

the analysis because of the high correlation (spearman’s rank correlation test > 0.7, p <0.001) 

with ‘Landholding tea’ and ‘Agricultural Income’ respectively. Because most of the farmers 

own tea it was expected for the correlation to occur. The case of the ‘Annual crop 

productivity’ was also anticipated given that most of the households sell the crop, which is 

reflected in the income obtained from the crop. The explanatory variables and relevant 

interactions were fitted as fixed effects, whilst ‘village’ and ‘enumerator’ were fitted as 

random effects (see Section 3.4.1.4).  

 

5.2.2 Analysis*of*food*security*determinants?*Mixed*Effects*Models*

 

The degree to which the explanatory variables explain the three components of food security: 

‘FCS, ‘Food Budget’ and ‘Food Shortage’ were tested using Generalised Linear Mixed 

Models (GLMMs) to generate Minimal Adequate Models (MAMs) in the statistical package 

R (see details Section 3.4.1.4). The selection of the appropriate GLMM for each of the three 

components of the food security followed the decision tree for GLMM fitting and inference 

proposed in the review by Bolker et al. (2009) (see Appendix 3.3). 

Following this approach the ‘FCS’ and ‘Food Budget’ variables were found to be appropriate 

for analysis using the penalized quasilikelihood (PQL) method. Both variables have log-

normal distribution, which is not a discretized distribution, and they meet all the other PQL 

assumptions (mean > 5 and non-binary variables). Therefore in the analysis of ‘FCS’ and 

‘Food Budget’ the ‘glmmPQL’ (package ‘lme4’) function was selected for analysis. For 

‘Food Shortage’ because it is treated as a yes/no binary variable the appropriate approach was 

the Laplace approximation, which can handle up to 3 random effects. The analysis requires 

two random effects ‘village’ and ‘enumerator’ (analogous to ‘FCS’ and ‘Food Budget’ 

analysis) so Laplace approximation method is suitable for the current study (function ‘glmer’, 

package ‘lme4’).  

To find the best model in each case a Minimum Adequate Modelling (MAM) approach was 

taken. For ‘Food Shortage’ the selection of the model was done using the lowest Akaike 

Information Criterion (AIC) as recommended in the literature (Bolker et al., 2009). The 

‘glmmPQL’ models are not able to return AIC results (nor other test such as BIC or the 

coefficient of determination) so the model simplification looked at the p values of all the 

independent variables (R-help, 2005). If any term in a model had a p value greater than 0.05, 
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the term with the highest p value was removed and the process repeated until the model with 

all variables significant was obtained.  

In terms of random effects, if their variance in the model was essentially 0 (it did not explain 

additional variance) then they would be removed from the GLMM and instead a linear 

regression would be performed (Bolker et al., 2009). In this case the MAM would be 

established based on the AIC and the coefficient of determination, R2.  

For every model, coefficients showing the direction and the effect are reported for each 

variable. In each case the respondents were included in the analysis only if data were 

available for them in every variable tested. Full details of the sample size are given with each 

analysis in the results section. 

 

The next section (Section 5.3) will present the results of food security at landscape level 

(Section 5.3.1) and will discuss the changes observed in relation to secondary data at local and 

national level (Section 5.3.2).  

 

5.3 Changes in food security at landscape level 

5.3.1 Food*security*at*landscape*level*based*on*focus*group*results*
 

Table 5.4 presents a summary of food security metrics measured at landscape level before and 

after 1990 and indicates whether their overall change (the sum of positive and negative 

changes) had improved food security (") reduced it (#) or it affected food security in both 

ways ("#). 
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Table 5.4 Summary of results at landscape level by food security pillars and their overall impact on food security 

Indicator Results before 1990 Results after 1990 Overall 
outcome 

Food availability       

Food being 
produced, distributed 
in the area or 
available in the local 
markets  

Available most of the times 
(more difficult to source if 
stochastic events like drought 
or heavy monsoon). More 
food produced on the farm and 
less food sourced from outside 
the farm. 

Available at all times (+), 
however most food sourced 
from local shops, markets, 
through the Public Distribution 
System and a small proportion 
from own farm. 

" 

Food access       
Proportion of food 
consumed in the 
household coming 
from the farm v 
bought foods  

Between 20-45% of food 
consumed produced on the 
farm 

Between 0-10% of food 
consumed produced on the farm 
(-) 

# 

Budget available to 
buy food 

More households determined 
the food budget based on the 
success of the agricultural 
year. However, more 
diversified agriculture made 
the budget less prone to 
shocks. 

Fewer households dependent on 
agriculture only (+). For 
households with diversified 
sources of income, the budget 
allocated to food is more stable 
(+). For households reliant on 
monocrops (e.g. tea) food 
budget is dependent on the price 
of the crop on the market (-). 
Households are more vulnerable 
when dependent on a single 
cash crop (-). 

" # 

Food utilization       

Proportion of 
different food groups 
consumed as part of 
a household’s diet 

Compared to the period before 1990, the period after 1990 shows 
that: Cereal consumption increased (-), milk consumption 
decreased (-), vegetable consumption increased (+), while all the 
other food groups experienced small changes. The cereal diversity 
decreased with rice replacing many local varieties of millets (-). 

# 

Diversity and 
frequency of food 
groups consumption 
and whether the 
foods were produced 
on the farm or 
bought 

 
11 out of 11 food groups were 
produced on the farm or 
harvested from forest. 
 
The table with frequency of 
food consumption per food 
group before and after 1990 is 
presented in Appendix 5.1. 

4 out of 11 food groups were 
produced on the farm (-) # 

Sugar and fat intake  
The change after 1990 shows that: 
Sugar intake increased between 2-4 times (-); Fat intake increased 
between 4-9 times (-). 

 # 

Perception of diet 
and conditions 
associated with 
dietary changes  

 74% (89) of the 120 people that took part in the focus groups 
concluded that the diet in the past was more diverse, nutritious 
and healthy (-); About 10% of the households declared they have 
members with a diagnosed from of diabetes (-); 

#  
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Indicator Results before 1990 Results after 1990 Overall 
outcome 

Food stability       

Seasonal food 
shortages  

Triggered by market and 
environmental shocks. 
Resilience to seasonal 
shortage was determined by 
factors within the community 
(family support, self-help 
groups, charity).  

Triggered by market and 
environmental shocks. 
Resilience is determined by 
external factors (public 
distribution system, access to 
loans etc.) that are independent 
of the regional conditions, 
therefore affecting fewer 
households (+). Seasonal 
shortages have a higher impact 
on households reliant on 
monocrops (-) 

" # 

Food security 
narrative  

Communities found it difficult to agree whether the changes 
brought by cash crop agriculture had an overall positive or 
negative impact. The extra income generated from converting 
their lands to high return cash crops improved welfare, wellbeing 
and aspects of food security (+). On the other hand loss of 
diversification made the communities less food secure, in terms of 
quality and diversity of foods more vulnerable to economic 
shocks (such was the case of the tea crisis that started in mid 
1990s) and ultimately facilitated land abandonment and 
outmigration (-). 
Out of all the metrics measured under food security during the 
focus groups the respondents consider that the budget available to 
buy food (food access) is the defining measure of food security in 
the present.  

# " 

 

5.3.2 Understanding*food*security*at*landscape*level*
The changes observed in food security at landscape level follow the historical patterns and 

trends observed in the earlier chapters (see Section 2.4). The food security changes within the 

four pillars of availability, access, utilization and stability, reveal the importance of focusing 

on all dimensions of food security in the Nilgiris and understanding both the barriers or 

promoters of food security and their direction of influence (Limon et al., 2017).  

Food availability has improved as a result of more products being available at all times in the 

study area, through local markets, shops and public policies (the Public Distribution System). 

State data also show significant improvement in indices of food availability and they similarly 

attributed the improvement to the introduction of the universal PDS as well as to maintaining 

sufficient buffer stocks (Government of Tamil Nadu, 2017).  
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Food access has experienced both positive and negative changes closely interrelated with the 

agricultural sector. There was a significant reduction in the average quantity of foods 

consumed in the household that are coming from the farm as a result of land conversion to 

more profitable crops, a change that has been previously documented in the area (FAO, 

2014). This means that households without secure sources of income are more vulnerable to 

food scarcity because they can’t rely on their own crops. At the same time the number of 

households dependent on agriculture only, has decreased and for those families the food 

budget is considered to be more stable and adequate for a food secure household.   

Food utilization had an overall downward trend. Foods consumed are less nutritious and diets 

are unhealthier and less diverse. These outcomes are representative of wider trends at the 

country level (Khera, 2011), with diabetes representing one of the main health related 

problems affcting 5% of the population (IFP, 2017), which is half the level reported in the 

focus groups. 

Food stability has a mixed outcome. The magnitude of the seasonal shortages is affecting 

households in a different way than in the past (more vulnerable because of monocrops 

agriculture), but now farmers employ different coping strategies (more options and more 

independent of the local context) in periods with food shortages. Reliance on sources 

independent of the local context is beneficial, but it has led to high levels of debt in rural 

communities (Narayanamoorthy, 2006). This means that food stability is only postponed and 

its true extent might be difficult to quantify.  

 

The next section (Section 5.4) will present general findings on food security (Sections 5.4.1) 

and the determinants of food security at household level (Section 5.4.2). The section will be 

followed by a general discussion on the factors that affect the three pillars of food security 

(Section 5.5). 

 

5.4 Food security at household level based on in-depth household 

survey results 

5.4.1 General*findings*
Food!produced!on!the!farm!
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There is no household that lives exclusively on food produced on the farm. Some households 

produce a higher percentage of their food on their own farms whereas most of the farms 

supplement their diet with foods produced on the farm. Out of the total production farmers 

retain from 0 up to 30% of the crop. The average percentage retained from each crop per 

household is 13.25 % for beans, 14.09% for carrot and 11.53% for cabbage.  

Food!availability!

Food availability results show that out of all households (n=408) only 3% (12) considered 

there is not enough food being produced, distributed in the area or available in the local 

markets. 96% (391) of the household declared they are taking part in the Public Distribution 

System.  

5.4.2 Mixed*Effects*Models?Determinants*of*food*security*

5.4.2.1 Food.stability.4Food.shortage.

 

Food stability results show that 9.8% (39) of the households (n=408) declared they had food 

shortages in the last year (2014-2015).  

 

January and December were reported as being the most food insecure months, followed by 

February to May (Figure 5.1).  

 

 
 
Figure 5.1 Number of times households reported food shortage by month for year 2014-2015. n =39, where n refers to the 
number of households.  
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At the time of the survey (November-April) the households stated that in the last month the 

number of days with food shortage ranged between 2-12 days, with an average of 4 

days/month.  

 

Determinants!of!‘Food!Shortage’!

 

The best model that explained ‘Food Shortage’ included three fixed effects variables: income 

from agriculture, education level and household type, and two random effects variables: 

‘village’ and ‘enumerator’ (Table 5.5). The model selected based on MAM produced an AIC 

245.3 (-13.1 from the original model).  

 
Table 5.5 Generalised Mixed Effects Model of fixed effects variables and two random effects (village and enumerator) 
explaining food shortage with n households=408, n village = 13, n enumerator = 9. Only explanatory variables found to be 
significant in the minimal model are reported.   
Term Coefficient SE F p 
Intercept 2.495475 0.002032   
Agricultural Income  -1.1177 0.002031 4.917 <0.001 
Household type (female v male) 0.737615 0.002031 4.677 <0.001 
Education -0.0656 0.002039 2.540 <0.001 
σ2 intercept (village) 0.6184    
σ2 intercept (enumerator) 0.4374    
 

The results of the model show households with higher agricultural income and a greater 

number of years in education experience less ‘Food Shortage’. The median agricultural 

income for households with food shortages is 0 INR per year (mean value is 7,725 INR per 

year) whereas for households with no food shortage the median agricultural income is 800 

INR per year (average agricultural income 30,403 INR per year). The median number of years 

spent in education for households without food shortage is 12, whereas for households that 

experienced food shortages it is 10. In terms of household type, the model shows that female-

headed households tend to be more food insecure than male-headed ones. 8% (24, n=297) of 

the male-headed households reported a food shortage compared to 20% (15, n=72) of female-

headed households.  

The model also shows that the two random effects were statistically significant in explaining a 

part of the variance. When the two random effects were plotted against ‘Food Shortage’ it was 

observed that the difference occurs from having 2 out of 9 enumerators that reported no food 

shortage and 5 out of 13 villages where no food shortages were reported. There is an overlap 

between the villages where no food shortage was reported and the 2 enumerators that did not 
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report food shortages. This means there is a chance that ‘Food Shortage’ was either 

underreported or it does not occur in all villages.  

 

When asked about the primary causes of food shortage in the household the most common 

response (n=39) was that insufficient money to buy food is the main reason (69.2% or 27 

households), followed by incapacity to access loan (12.8 % or 5) and no family members to 

offer support (12.8 % or 5). Two households provided no answer. The strategies employed to 

cope with food shortage ranged from accessing loans (71.7%, n=28), decreasing costs or 

amount of food consumed (12.8%, n=5), relying on relatives’ support (5.1%, n=2) and other 

strategies.  

 

5.4.2.2 Food.access.4.Food.monthly.budget.of.household.

Out of the 408 households, there were 8 households that had missing data on the food 

monthly budget and 4 households that were removed from the analysis because their budgets 

were considered overestimated (over 6,600 INR per person per month) for the type of 

livelihood reported by the households. 

The ‘Food Monthly Budget’ of a household varied between 500 INR per month and 22,870 

INR per month with the median 5,000 INR while the monthly budget per capita varied 

between 250 INR per month to 6,472 INR per month with a median of 1500 INR. Compared 

to the minimum food security poverty line set at 441.69 INR per person per month for rural 

Tamil Nadu (Government of India, 2014), 20.4% (81 households) are food insecure.  

 

Determinants!of!‘Food!Monthly!Budget’!

 

The best model that explained ‘Food Monthly Budget’ included five variables: the size of 

agricultural and tea land, family size and caste group (Table 5.6). The MAM had an AIC = 

514 or – 5 from original model and R2 = 0.44.   

Because the variance explained by the random effects (‘village’ and ‘enumerator’) are 

indistinguishable from zero a regular linear model was performed instead. In the model the 

log of ‘Food Monthly Budget’ was used given that it follows a log distribution. 
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Table 5.6 Linear Model of socioeconomic variables explaining the budget allocated monthly to food by households (n = 
396). Only explanatory variables found to be significant in the minimal model are reported.  
 Coefficient SE p 

(Intercept) 8.422 0.092 < 0.001 

Landholding Agriculture 0.069 0.025 < 0.01 

Landholding Tea 0.089 0.026 < 0.001 

Education 0.014 0.006 0.02 

Family size 0.070 0.015 < 0.001 

Caste (Scheduled Caste v Badaga) -0.661 0.057 < 0.001 

Caste (Scheduled Tribes v Badaga) -0.548 0.089 < 0.001 

 

The results show that there is a positive relationship between the amount of money spent on 

food and several of the indicators: the size of tea and agricultural land (Figure 5.2), as well as 

the number of years spent in education (Figure 5.3).   
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Figure 5.2 Scatterplot showing the relationship between the food monthly budget and landholding size (tea and agriculture); 

n tea landholdings = 186; n agriculture landholdings= 56 
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Figure 5.3 Scatterplot showing the relationship between the food monthly budget of the households and education level (n= 

396). 

There is also a positive relationship between the ‘Food Monthly Budget’ and the family size. 

However, as family size increases the ‘Food Monthly Budget per Capita’ decreases (Figure 

5.4). 

Figure 5.4 Scatterplot of food monthly budget allocated per capita by family size (n=396) 
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Finally, the model shows that both Scheduled Caste (median food budget 3,500 INR per 

month) and Scheduled Tribes (median food budget 4,000 INR per month) have a smaller 

budget allocated to food when compared to Badaga group (median 6,000 INR per month).  

 

5.4.2.3 Food.utilization:.Food.Consumption.Score..

The FCS household results varied between a score of 21 and a maximum of 99, with the first 

quartile at 39, the median value of 46 and the third quartile at 57.  

The household with the lowest score had a diet that consisted mainly of carbohydrates/cereals 

(7 times per week), sugars (7 times per week) and fats (7 times per week). The household 

with the highest score declared that they eat from all food groups (including meat) almost 

every day. Households that were around the mean (with a score between 47-48) had a mixed 

diet consisting of all food groups (apart from meat). The most common foods consumed by 

these households were cereals (7 times per week), vegetables (almost all reported 7 times per 

week), spices, fats and sugars (7 times per week), milk and pulses consumption varied widely 

between households (between 1-5 times per week), whereas fruit consumption was very low 

in all households (predominantly less than 2 times per week).  

Based on the FCS thresholds, households can be classified as having diets that are: 

• Poor diet (≤23): 4 (0.9 %) 

• Borderline diet  (23.5-42): 112  (27.5%) 

• Acceptable diet (> 42): 292 (71.6%) 

The best model that explained ‘FCS’ (continuous variable) included four fixed effects 

variables: household type, caste group, distance to market and education and one random 

effect variable, ‘enumerator’ (Table 5.7).  

 
Table 5.7 Generalised Mixed Effects Model of fixed effects variables and one random effect (enumerator) explaining Food 
Consumption Score with n households =408, n enumerator = 9. Only explanatory variables found to be significant in the 
minimal adequate model are reported.   
 Coefficient SE p 

(Intercept) 5.065 0.103 < 0.001 

Household type (female v male) -0.068 0.024 0.005 

Caste (Scheduled Tribes v Badaga) -0.134 0.046  0.003 

Distance to market (between 2-10 km compared to > 10 km) 0.074 0.027 0.006 

Education 0.005 0.002 0.01 

Random effects    

σ2 intercept (enumerator) 0.2140   
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Results of the model show female-headed households have smaller FCS (median score = 43) 

than male-headed households (median score = 47). In terms of differences between castes, the 

model shows that the FCS is lower for STs than Badagas (median score = 43 and 52 

respectively). Additionally, it shows there is no statistically significant difference in terms of 

FCS between other pairs of castes.  

  

The FCS varies with the ‘distance to market’ variable and statistically significant differences 

occur between those that have a market within a 2-10 km range and those that travel over 10 

km to get to a market. It appears that the further a household is to a market the larger the FCS. 

The median FCS value for households that are within 2-10 km is 44 and households that have 

to travel over 10 km have a median score of 55.  

 

In terms of ‘education’ there is a positive relationship between the number of years spent in 

education and the food consumption score obtained by a household. 

 

5.5 Understanding food security at household level 

5.5.1 General*findings*
The total number of households that were found food insecure based on food access is slightly 

higher than the state average of 24.3% (Government of India, 2014-Rangarajan Committee). 

The households that take part in the PDS were found to exceed marginally the state average 

level, 91% (Government of Tamil Nadu, 2017). In both cases it can be concluded that the 

survey data is representative of the wide state.   

5.5.2 Determinants*of*food*security*

The food security at the household level was shown to be influenced by capital, land assets, 

social factors and other variables (Table 5.8). The three components that measured food 

security: food stability, access and utilization were influenced by common variables or by 

variables that were unique to each component.  
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Table 5.8 Summary of the determinants of food security measured for three of its pillars (stability, access and utilization). 
Variables with a positive influence on food security are marked with ‘+’ and those with a negative influence are marked with 
‘-‘. Categorical variables that influence food security are marked with ‘✓ ’. The total number of variables that influence one 
or several of the food security pillars is presented in the last column. 

Variable 
Food Shortage 
(food stability) 

Food Budget 
(food access) 

FCS 
(food utilization) Combined 

Economic factors (INR) 
    

Income (total)  
   

- 

Agricultural Income  (+) 
  

1 

Salary (off-farm Income)  
   

- 

Land Assets (acres) 
    

Landholding Agriculture 
 

(+) 
 

1 

Landholding Tea 
 

(+) 
 

1 

Social Factors 
    

Family size 
 

(+)*  
 

1 

Education level (+) (+) (+) 3 

Caste 
 

✓ ✓ 2 

Household type ✓ ✓ ✓ 3 

Farm Production 
    

Number of trees grown 
   

- 

Cost of farming 
   

- 

Other 
    

Distance to Market 
  

✓ 1 

Random Effects 
    

Village ✓ 
  

1 

Enumerator ✓ 
 

✓ 2 

* As family size increases the amount spent on food increases but the spending per family member decreases.  
 

The two factors that affect food security across all three components are education and 

household type. The first variable, education, shows that the more the educated a household is 

the more food secure the household will be and vice versa. The results of this study are 

consistent with findings across India and other rural communities from around the world 

(Kaiser et al., 2003, Amaza et al., 2006, Idrisa et al., 2008, Makombe et al., 2010, Kumar et 

al., 2012, Bashir and Schilizzi, 2013, Asghar and Muhammad, 2013, Abdullah et al., 2017). 

The abnormality that occurs in the Nilgiris is that although it ranks as one of the most literate 

districts (see Section 4.3.3.4) it has the lowest Food Security Index (FSI) among the districts 

of Tamil Nadu (Government of Tamil Nadu, 2017). According to official data, the district has 

problems with respect to all components of the FSI: availability, access and absorption 

(utilization), but the first component is thought to weight the most in reducing the FSI. The 
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Human Development Report rationalizes that low availability comes from the Nilgiris having 

a hilly terrain and a cultivation regime mostly based on tea plantation cultivation and high 

value horticultural crops (Government of Tamil Nadu, 2017). These findings contradict the 

results of this study. Both at community and household level farmers reported food access to 

be the main problem, while food availability represented a barrier only for a small proportion 

of the households. As this study found contradictory evidence to official data a closer 

appraisal of the factors affecting food security across the Nilgiris may be justified. 

 

The second variable, household type, manifests similarly in all three dimensions of food 

security. Female-headed households are less food secure compared to male-headed 

households. A lower FCS score could be explained by the difference in education. The level 

of education of women in the study population is significantly lower compared to that of men. 

Female education was previously found to be specifically important because food preparation 

and serving is done by women (Ramachandran, 2007, Asghar and Muhammad, 2013, Kassie 

et al., 2014). A lower food budget and a higher risk of food shortages in female-headed 

households could be explained by characteristics of the households resulting from civil status. 

Most of the female heads are widows, which have been associated with higher levels of 

poverty and food insecurity due to e.g. limited land rights or work opportunities (Drèze, 1990, 

Rao, 2006, Ramachandran, 2007, WFP, 2012). In better understanding food security in the 

Nilgiris, studies could thus benefit not only from incorporating aspects of education and 

household type, but also the civil status of the household head.  

 

Caste affects two of the food security dimensions: food access and food utilization. Under 

food access Badagas have higher budgets allocated for food compared to Scheduled Tribes 

and Scheduled Caste. This is not unexpected given that Badaga communities are generally 

better-off than the other two caste groups (Government of Tamil Nadu, 2017). In terms of 

food utilization they have higher scores than Scheduled Tribes, but similar results to 

Scheduled Caste. Scheduled Caste have smaller budgets to purchase food than Badagas 

however as their diet includes meat consumption and Badagas doesn’t (for cultural reasons), 

the difference in the FCS is negligible. The outcomes demonstrate the importance of 

measuring the different dimensions of food security in the Nilgiris when comparing between 

the different communities, as underlying differences could be masked if only one of the food 

components was measured. Similar findings were reported in Eastern India where it was 
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shown affiliation to ST or SC influences the food diversity scores (Parappurathu et al., 2015).  

 

All the other variables, agricultural income, landholding agriculture, landholding tea, family 

size and distance to market affect only one of the dimensions of food security.  

Agricultural returns influence food shortages. As the agriculture income increases the food 

shortage in the landscape decreases. The importance of agricultural income in explaining food 

shortages is probably linked to most vulnerable households relying more on farm revenues. 

Similar findings can be observed both in Asian and African countries where food shoratges 

have been linked to the success of agricultural years in farming households (e.g. Asghar and 

Muhammad, 2013, Muche et al., 2014). 

 

Landholding size and family size influence food access. The budget spent on food increases 

with the landholding size, whereas the food budget per household member decreases with an 

increase in family size. These factors were found to be one of the most commonly identified 

determinants of food security across studies around the world (Feleke et al., 2005, Amaza et 

al., 2006, Kumar et al., 2012, Bashir and Schilizzi, 2013, Jones et al., 2014, Mango et al., 

2014, Frelat et al., 2016, Abdullah et al., 2017).  

The last variable, distance to market, was found to influence the FCS. Surprisingly, those 

households that are further away from markets have a higher FCS, which is opposed to 

findings of previous studies that looked at the implication of market access on aspects of food 

security (Ahmed et al., 2014, Mango et al., 2014). STs, living in forests are the furthest away 

from the markets. Those STs that own land have a higher food diversity given by reliance on 

diverse small subsistence farms and access to NTFPs. Previous findings report that one of the 

tribes surveyed (Kurumbas) do cultivate a diversity of food crops and wild fruits (FAO, 2014) 

which might explain this unexpected result.  

5.6 Conclusions 
This chapter illustrated the food security transition in the landscape of the Nilgiris and set the 

context for assessing the current determinants of food security at household level, measured 

as food availability, access, utilization, and stability.  

Three pillars of food security (availability, utilization and stability) investigated using 

regression models, revealed that education and household type are common determinants of 

food security. Female-headed households are more food insecure in all measures of food 
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security and education positively affects food security. Other factors that affect either one or 

two of the pillars are landholding size, agricultural income, family size and caste. In all cases 

they show expected outcomes that align with previous findings.   

Distance to market was also found to influence food security, but this time in an unexpected 

way. The further the household is to a market the more diverse its diet is and vice versa. A 

possible explanation is the distinct farming practices and diets of tribal communities living in 

the forests. 

 

Aspects of food security will be further analysed in the next chapters in the RPG (Chapter 6) 

and the ABM (Chapter 9). 
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PART III 
 

Land use policies selection and testing 
 

 
 

 

Diagram 1 Summary of research highlighting the questions addressed in Part III 
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Part II (Chapter 4 and 5) of the thesis set out the current socioeconomic, food security and 

land use profile of the study area using in-depth household survey and focus group data. The 

chapters further investigated farmers’ land use decision-making processes and motivations to 

enrol in agricultural and conservation land use interventions. Chapter 6 of Part III uses a 

bottom-up participatory approach that looks at the structures and institutions, referred to as 

stakeholders, which can advance and implement such interventions.  

The hypothetical uptake of the proposed interventions by direct land users is tested using a 

reality-grounded RPG developed with the stakeholders group. This allows for new insight 

into farmers’ land use decision-making processes that can occur in the landscape as well as 

observing the socioeconomic and environmental implications of the policies tested. While 

Part II addressed the first loop of the ComMod process, this part addresses the second loop. 

The decision-making processes observed in the RPG are further used to inform the 

development of the ABM in the last ComMod loop presented in Part IV. While the RPG 

provides insight at micro level (household level) over a 10-year period the ABM allows the 

scaling up of results at macro level (landscape level) over decades.  
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Chapter 6 
 

The elaboration of land use policies grounded in local 
realities and their ex ante assessment using a role-

playing game 
6 *

6.1 Introduction 
In areas of research where policy decisions can greatly impact biodiversity conservation 

outcomes, testing and observing their consequences before they are implemented enables 

decisions to be grounded in local realities (e.g. Washington-Ottombre et al., 2010, Gourmelon 

et al., 2013, Garcia et al., 2013, Salvini et al., 2016, Travers et al., 2016). In the debate around 

balancing food production and biodiversity conservation such an approach is very promising 

and is particularly relevant for the LS/LS framework. Proponents of the framework have 

endorsed multiple possible implementation mechanisms of the land use strategies (see Section 

1.4.1). Yet, there is a lack of evidence regarding their feasibility on the ground, given the 

diverse interests of local stakeholders (Mertz and Mertens, 2017). Nor is there evidence about 

the socioeconomic implications of implementing them (Fischer et al., 2014). Advancing such 

policies without considering the local realities, the social acceptability of the interventions or 

the implications for local livelihoods could act eventually in the detriment of biodiversity and 

people (Kremen, 2015, Robbins et al., 2015).  

A key challenge in linking the scientific outcomes, including those of the LS/LS debate, and 

policy is allowing stakeholders to interact directly with analytical and conceptual 

representations of human and natural systems (CGIAR, n.d.). RPGs are equipped to fill that 

need and to allow building on collective exploration of possible policies in a participatory and 

inclusive manner. A RPG is an exercise that directly engages participants in working to solve 

a realistic but fabricated challenge with the intent that they learn new material or approaches 

(Rumore et al., 2016). RPGs have been shown to be effective for conveying complex 

information, teaching skills and fostering mutual understanding and creativity in the context 

of policy-making (Dolin and Susskind, 1992, DeNeve and Heppner, 1997, Mayer, 2009). 

They have the ability to: immerse people in realistic situations that they have not yet 

confronted, to help people handle unprecedented and complex situations, and provide people 
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with an opportunity to experiment in a low-cost environment (de Suarez et al., 2012, Jones et 

al., 2013).  

In the context of the current research the RPGs are not only important for creating this 

negotiation space for stakeholders. Identifying land use policies interventions deemed viable 

by stakeholders does not necessarily or automatically lead to legitimacy and support of 

policies (e.g. Korfmacher, 2001). Ex ante assessment of how potential adopters might respond 

to them is valuable to understand if the policies are going to be accepted and under what 

conditions. By using RPGs such assessments could be conducted and decision-making 

processes that arise from testing of polices could be observed and documented (Travers et al., 

2016). Therefore, this chapter describes the co-development, with the local stakeholders, of a 

RPG that acts as a platform for collective exploration of possible land use policies and then 

enables the pre assessment of these policies with direct land users. In doing so, the chapter 

aims to answer the following questions:  

Q1: What are the plausible mechanisms through which the land use policies could be 

instituted in the landscape given diverse interests of stakeholders? 

Q2: Are the land use policies adopted by direct land users? If, so what land use and 

livelihoods decision-making processes emerge in the RPG?  

6.2 Data and Methods 
The overarching methodology of this chapter follows the Companion Modelling approach 

detailed in Section 3.5.  

The RPG was designed to be played on a table-top that represented the local environment and 

the farms. It was played by real farmers who take decisions on how to manage their farms and 

livelihoods under two scenarios: business-as-usual and with land use policies implemented in 

the landscape (further details are provided in Section 6.3.1.4). This section introduces the 

methods of data collection used in the selection of feasible land use interventions that meet 

stakeholders’ interests, and the co-development of the role-playing game with the 

stakeholders (Section 6.2.1). It then describes the methods used in the implementation of the 

RPG (Section 6.2.2).  

6.2.1 Selection*of*land*use*interventions*and*development*of*the*RPG*

The land use polices and the RPG were co-constructed with the support of stakeholders and 

followed a step-wise approach (Table 6.1; see Section 3.5.1 for justification of methods 

choice). The RPG was designed for direct land users from the 6 Badaga villages (Denadu, 
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Kercombai, Nedugula, Milidhen, Kaggula and Sundatty). The role of stakeholders was central 

because they provided expertise, local insight and validated basic assumptions about the 

dynamics, about the history and patterns of both the natural and socioeconomic systems, 

central to the development of the RPG conceptual model.  
Table 6.1!Data!collection!methods!used!in!the!selection!of!interventions!and!the!development!of!the!RPG 

Phases/Aim Type of data Method of collection 
Phase 1. Selection of core stakeholders that will support the development of the RPG 
 
1. Create a list of 
the potential 
stakeholders 
involved in land 
use decision-
making 

Qualitative 

23 key informant interviews: 
Horticulture Department (2 officials), United Planters Association of 
South Indian –UPASI (2 officials), Forest Department (2 officials), Tea 
Board (1 official), Hill Area Development Programme-HADP (2 officials), 
Village Panchayat (6), Collector’s Office (1 official), Auction Centre 
Conoor (1 broker), Farmers from Badaga Villages (6 community leaders) 

2. Map the power 
and influence of 
the stakeholders 
over decision-
making 
 

Qualitative 

Six community leaders that interacted with all the stakeholders listed 
above took part in a one-day workshop during which they had to classify 
the stakeholders based on two criteria: impact and power. The first 
criterion refers to the impact of their action on the way the land is used by 
farming communities and it has three levels: direct/moderate/limited. 
Power refers to how much they can influence the way in which land is 
used in the landscape and it has four levels: 
low/intermediate/significant/high. For example, an institution can have a 
direct impact through its land use policies but a low enforcement power 
leading to an insignificant change in the way people take decisions about 
land-use.  
Once the institutions were mapped, 9 key informant interviews were 
carried with representatives from all institutions/stakeholder groups to 
validate the results.  

3. Selection of 
relevant 
stakeholders for 
co-development 
of RPG 

Qualitative 

Due to time, financial and management constraints it would have been 
difficult to engage in the RPG exercise all the stakeholder groups. Hence, 
it was decided to work only with those stakeholder groups that ranked as 
having a significant/high power and a direct/moderate impact on decision-
making. For clarity and simplification, in this chapter, I will refer to the 
stakeholders’ group as the Working Group (WG). The specific members of 
the WG were selected based on the suitability and fit within the project as 
per the guidance of the heads of relevant departments.  

Phase 2. Defining the question to be answered by the RPG 

 Qualitative 
Two one-day workshops were organised with the selected stakeholder 
groups to discuss the aim of the research and the main research questions 
that need to be answered through the RPG.  

Phase 3. Collective construction of the RPG conceptual model 

 
 Qualitative 

4 preliminary meetings (with Tea Board, UPASI, Horticulture Department 
and Farmers’ group) and 1 one-day workshop during which the WG 
worked collectively to build the conceptual model of the RPG based on the 
ARDI method (Etienne et al., 2008). ARDI is a method to elaborate a 
domain model of socio-ecological interactions at work, in a given human 
ecosystem (ComMod School, 2014). It aims at facilitating stakeholders’ 
involvement in the designing stage of the modelling process by asking 
them to discuss and debate around four main questions: i) who are the 
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actors involved in the matter, ii) what are the key resources involved, iii) 
what are the main processes involved, and iv) what are the interactions 
between the actors and the resources.  The expected outcome is a diagram 
showing all this information.  

Phase 4. Selection of land use policies to be tested in the RPG 

1. Selection of 
policy tools and 
specific land use 
interventions 
(Continues on 
next page) 

Qualitative  

During this phase proposals were made by the WG regarding policy tools 
and specific interventions/agri-environmental schemes to be tested. The 
policy tools and interventions proposed by the WG had to fulfil a set of 
criteria: 

• Enhance agriculture (e.g. soil fertility/yields) 
• Improve on-farm/protected areas’ biodiversity 
• Be feasible for the landscape considering social, economical, 

environmental and political realities including the capacity of 
the institutions to deliver the interventions 

• Provide technical or financial support 
• Have the support of the relevant stakeholders 

The selection method followed consecutive steps:  
a. The researcher first proposed a list of different policy tools that 

was sent to the WG members to further expand it and to provide 
feedback. The list was based on policy tools that resemble those 
proposed by Balmford et al., 2015 and Phalan et al., 2016.  

b. The WG deliberated the policy typologies and those found 
unfeasible were eliminated; 

c. For each of the selected policy typology the WG proposed a set of 
specific interventions referred to as schemes. During this process 
the WG considered preliminary results from the individual 
household surveys in which farmers were asked under what 
conditions would they take part in such schemes (results 
presented in Sections 4.3.7.3 and 4.3.7.4).  

d. The WG eliminated some of the proposals considered unfeasible  
e. Final schemes were selected during a one-day workshop 

2. Collect data on 
information 
necessary to 
complete the 
RPG 

Quantitative 

48 household surveys with community representatives assessing the 
minimum levels of incentives that will motivate farmers to enrol in agri-
environmental schemes. 
8 surveys in each of the following Badaga villages: Denadu, Kercombai, 
Nedugula, Milidhen, Kaggula, Sundatty 

Phase 5. Designing the RPG 

Decide 
components of 
the RPG 

Qualitative 
and 
quantitative 

RPG developed using data from 265 Badaga in-depth household surveys 
(first ComMod loop), conceptual model developed with stakeholders 
(Phase 3) and land use policies selected (Phase 4). More details about the 
sources of data are given in the results section.  
One-day workshop with WG to deliberate the draft version of the RPG and 
agree on final version. 

Phase 6. Testing and calibration of the RPG 

 Qualitative 

3 workshops to test the RPG followed by feedback forms and debriefing 
sessions to discuss if the RPG is realistic and how it can be improved. Six 
different players were invited to each session. They were all farmers and 
belong to Badaga caste. Stakeholders belonging to the WG participated in 
these sessions to allow for feedback and input. Each session had three 
steps: a briefing, a game session and a debriefing. 
Workshop Villages: Denadu, Kercombai, Sundatty 
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It is important to note that ideally the participatory modelling exercise would have been 

carried with the same stakeholder representatives at all times and institutions would have 

attended all the group meetings. However, this was challenging to implement when dealing 

with so many institutions from distinct townships. Thus the project had to accommodate that 

by either allowing stakeholders to express their point of view in an individual meeting if they 

couldn’t attend the group session or by asking the institution to find a temporary substitute if 

that was possible.  

6.2.2 Implementation*of*the*RPG**

Implementation of the RPG refers to organising and running the RPG sessions with the local 

farmers. The aim was to organise the RPG in all 6 Badaga villages surveyed in the first 

ComMod loop. Ultimately five RPG workshops were carried with Kaggula village not being 

included due to issues with the availability of farmers, venue facilities and time management 

limitations. The workshops were organised in village community halls and lasted between one 

and two days. More details about the game setup are given in Section 6.3.1.4. Data for the 

indicators measured in the RPG (Table 6.2) were collected using several forms that the 

players filled at every stage of the game (see Section 3.5.2).  
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Table 6.2 Data!collection!methods!used!in!analysing!the!RPG!results!
Indicators Type of data Indicator/method of collection 

A. Social indicators 

Scheme uptake Quantitative 

Number of players measured by: a) the total number of 
schemes they enrolled in (e.g. no scheme, all schemes) 
and b) scheme type; 
Total area enrolled in schemes: a) by scheme type, and 
b) over time; 

B. Land use change 

Land use change Quantitative 

Land use change over time by land use type at landscape 
level; 
Land use size by land use type in absolute and 
percentage values in the first and the last year of the 
RPG. 

C. Environmental changes 

Number of trees in the 
landscape Quantitative 

Total number of trees by scheme type at the end of the 
game; 
 

Connectivity of patches 
spared for conservation Quantitative 

Size of clustered patches spared for conservation 
resulting from scheme uptake, measured at the end of the 
game; 

D. Production 

Production Quantitative 
Total numbers of farms that experienced an increase or 
decrease in production as a result of scheme enrolment 

E. Economic processes and indicators 

Financial shortages and 
adaptive livelihoods 
strategies  

Qualitative 
and 
quantitative 

Total number of players (absolute number and 
percentage) that experienced financial shortages 
throughout the RPG. 
Processes that occurred in the RPG to overcome 
financial shortages. 

Land use and livelihood 
strategies for years with 
positive balance 

Qualitative 
and 
quantitative 

Processes that occurred in the RPG when farmers 
finished the year with a positive balance 

F. Food security 
Proportion of food 
retained for HH 
consumption 

Quantitative 
 
Distribution of food retained for household consumption 
 

Food budget Quantitative Changes in food budget over time. 
G. Other processes of interest 

Decision-making 
mechanisms on the farm 

Qualitative 
and 
quantitative 

Processes that occurred in the RPG regarding how many 
seasons crops were grown for 

H. Feedback forms Qualitative 

Using multiple-choice questions farmers were asked 
about the complexity of the game, the level of 
entertainment and if they felt that the type of land use 
decision-making in the RPG was similar to the practices 
employed on their own farms.  

 

Most of the indicators in Table 6.2 were analysed using descriptive statistical methods (see 

Section 3.5.2).  
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The next section (Section 6.3) presents the outcomes of selecting plausible interventions that 

meet stakeholders’ objectives and the development of the RPG (Section 6.3.1) following the 

six phases presented in Table 6.1. It then goes on to present the outcomes of the RPG sessions 

(Section 6.3.2) based on the metrics in Table 6.2. The sections are then followed by the 

interpretation of results (Section 6.4). 

 

6.3 Results 

6.3.1 Selection*of*land*use*interventions*and*development*of*the*RPG*

6.3.1.1 Phase.1..Results.of.core.stakeholders.selection.

 

The nine stakeholder groups, that can directly or indirectly influence land use decision-

making and are relevant for the development of plausible land use intervention and of the 

RPG, are:  

• The Horticulture Department regional office (state institution) 

• The Forest Department (state institution) 

• UPASI (association founded in 1893 that supports planters by providing scientific 

research on e.g. crops, pests, soil or market intelligence) 

• The Tea Board (regulatory body for cultivation and promotion of tea with an 

experience of over 100 years) 

• The Hill Area Development Programme (institution regulated by India’s Union 

Planning Commission that offers supplementary financial assistance for preservation, 

protection and enrichment of bio-diversity in Nilgiris) 

• The Village Panchayat (local council) 

• The Collector’s Office (regional council) 

• The Auction Centre Conoor (brokers’ regulated market for tea)  

• The Farmers from Badaga villages 

 

The stakeholders map of power and influence over decision-making (Figure 6.1), as per the 

vision of community members and then validated by stakeholders, shows that in almost all 

instances the two groups agreed with the classification. The exceptions are the Horticulture 
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Department and the Collector’s office, which considered that they have a higher power in 

influencing decisions, while the Forest Department considered the opposite.  

  

 
Figure 6.1 Mapping stakeholders’ power and impact on land use and land management. 
Dashed ovals represent the limits between the three levels of impact a stakeholder can have on the way the land is used and 
managed (direct/moderate/limited). The solid circles show where the stakeholders are placed within these categories. The 
variation in size represents the power of each stakeholder in influencing land use decisions with the level of power 
proportional to the size of the circles. In three instances the same institution was perceived as having different levels of 
power, the circles without a border represent the community members’ perception, whereas the ones with a border represent 
the view of the stakeholder itself.   
 

The five stakeholder groups selected to take part in the RPG project based on their power and 

impact results, were: the farming community (direct land users), UPASI, Horticulture 

Department, Tea Board and the Forest Department. Though Auction Centres and the market 

representatives have a moderate impact on land use decision processes, they respond to the 

wider national and international market. As a result they were not included in the central 

stakeholders’ working group. The study relied instead on statistical data about the trends and 

changes on the market.  

UPASI&

Tea&Board&

Forest&Department&

Village&Panchayat&Office&

Collector’s&Office&

Tea&AucAon&Centre&&

Market&representaAves&

HADP&
Farmers&

Community&leaders&

Impac&ng))
land)use)&)land)management)

Direct)impact)
Moderate)impact)

Limited)impact)

Tea&Factory&

Livelihoods&and&
environmental&NGOs&

HorAculture&Department&

Power)of)influencing)land)use)
decisions)

Low&

High&



 189 

The final Working Group (WG) was formed of 11 members: myself, one member from each 

of the four institutions: UPASI, Horticulture Department, Tea Board and Forest Department 

and 6 representatives of the farmers’ group. It was important to have more farmers 

represented because they are the players and the main beneficiaries of the land use 

interventions tested in the RPG. The involvement of stakeholders in each phase of the RPG 

development is presented in Figure 6.2. 

 
Figure 6.2 RPG participatory modelling phases and the engagement of stakeholders in their development 

6.3.1.2 Phase.3..Collective.construction.of.the.RPG.conceptual.model.

The conceptual model that resulted from the workshop and independent meetings with 

members of the WG is represented as a diagram. Throughout the research project the 

conceptual model was constantly updated and in most instances optimized to include only the 

most essential information. Below it is presented the final version that supported the 

development of the RPG (Figure 6.3).   
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Figure 6.3 Conceptual model diagram showing the main stakeholders in the landscape, represented in grey. Arrows are 
associated with verbs that describe the type of action or symbolize the interactions between stakeholders and different 
resources (in dark blue, light blue and green), or among stakeholders. This diagram served as a support for the design of the 
RPG and was inspired by the work of Garcia (2014). 

 

There are three main agents that can take or influence decisions: Land Owners (farmers), the 

Market and the different agencies operating in the landscape. These agencies were grouped 

under one category, referred to as the Agency. The farmers own and take decisions about:  

i) What to cultivate on their land plots - tea, vegetables and exotic trees (Silver Oak) 

or native trees referred to as jungle wood and fruit trees, and 

ii) The quantity of inputs (fertilizers, pesticides) and labour they can afford to use.  

The markets have an internal mechanism to establish the price of different crops. The agency 

has two roles, they: own forest so they regulate and protect the state forests and tress on 

private farms and offer advice and financial support to farmers to enhance production. 

6.3.1.3 Phase.4..Selection.of.land.use.policies.to.be.tested.in.the.RPG.

 

To initiate discussions around potential land use interventions the researcher proposed a 

typology of policy options that was shared with all the stakeholders. Individual members of 

the WG submitted a total of forty-five: i) comments and proposed changes to the initial policy 
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mechanisms, and ii) specific schemes for the selected policy mechanisms that they wanted to 

discuss with the rest of the stakeholders. 

To avoid power imbalances this stage involved individual discussions with the different 

stakeholders. The information obtained from stakeholders was centralised in a document and 

shared during a one-day workshop with all stakeholders. During the workshop I introduced 

the proposals along with their strength and weaknesses as highlighted by the different parties. 

Each proposed policy mechanism introduced was followed by a deliberation session that 

lasted a maximum of 45 minutes and each party was given the chance to express its views. 

Two assistants took notes and presented the main outcomes on flipcharts. In almost all 

instances there was unanimity in terms of accepting or rejecting a policy. A vote was 

conducted in one instance to understand whether the policies should be advanced or rejected.   

Of the final list of policy mechanisms that was proposed for deliberation between all 

members, the stakeholders found plausible only one (Table 6.3). 

 
Table 6.3 Selection of proposed policy tools by the WG and their reasons for and against the policies 

Proposed policy 
mechanisms 

 Selected WG’s reasons for rejecting or accepting the policy tool 

Market-based approaches 

 
A.  Payments for 
ecosystem services 
linked to 
international 
markets such as 
REDD+ 

 No 

Main reasons for rejecting:  
-“No clear property rights in the area” (Farmers‘ Group) 
-Negotiations between the participants of the ecosystem service market 
can be affected by “unequal bargaining power; there can be cases 
where buyers are exploiting their position to the detriment of the 
providers’ interest” (UPASI)  
- PES might lead to “further concentration of wealth and to excluding 
poorer land users from the land they have been using in order to 
capture PES” (Tea Board) 
-“ Are there experts in the area that can assess and monitor ES?” 
(Concerns shared by all stakeholder groups) 
-“Volatility of payments” referring to the value of PES may vary 
significantly over time (Horticulture Department) 
 

B.  Economic 
incentives (not 
linked to 
international 
markets) 
 
Farmers get 
support to enhance 
agriculture as a 
condition to 
conserve nature on 
their farms 

 Yes 

Main reasons for supporting the policy:  
-Reward farmers that conserve biodiversity on their farms by providing 
technical support to enhance yields or/and by giving monetary 
incentives (Tea Board and Horticulture Department) 
-The institutional infrastructure is available to support such schemes 
-“A better distribution of wealth is expected “ (Farmers) 
-“Brining know-how to farmers” (UPASI) 
-Several schemes can be proposed and farmers can choose the one that 
suits them best (Forest Department, Farmers’ Group and UPASI) 
-One main concern raised was that “problems can occur with 
sustainability of funds” (Tea Board)  
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In the next step, the stakeholders’ group participated in a one-day workshop that resulted in 

the proposal of specific economic incentives interventions to be tested in the RPG (Table 6.4). 

In the first phase of the workshop the stakeholders were divided into three teams and were 

asked to propose interventions that were further expanded upon and deliberated by all 

stakeholders in a second stage of the workshop. There were several variations of the same 

scheme. Given the limited time and resources for testing the interventions the stakeholders 

prioritised only one form of the intervention. All stakeholders were then given about 15 

minutes each to think and add any comments or questions. The final selection of the 

interventions was done based on stakeholders’ agreements and in a small number of cases 

using a vote system. Finally, individual discussions were held separately with each 

Land use zoning    

A. Creating 
protected areas to 
conserve forests or 
conserve primary 
forest on individual 
farms. 

 No 

Main reasons for rejecting:  
-“The existing forest is already under the protection of the Forest 
Department” (Forest Department) 
-“It targets a small number of farmers; less than 1% of the farmers own 
forest” (Horticulture Department) 
-“This measure can be of interest in a later stage once there are farms 
that have forests” (Tea Board) 

Certification    

Certify tea farms 
that use more 
wildlife friendly 
farming practices 

 No 

Main reasons for rejecting:  
-“The income from certified products is higher but farming practices 
are more labour intensive” (Farmers’ Group) 
-“It is not easy to comply to certification regulations and it can take a 
long time before a farm is certified” (Tea Board offered the example of 
the neighbouring district, Gudalur) 
-“Connecting to the market is not easy” (Horticulture Department and 
UPASI discussing about the cases of the few farmers that have certified 
lands) 
-“There is no fixed price which means that in some years farmers may 
end up with loss “ (UPASI) 

Reverse auctioning 

 
Farmers bid for 
contracts for 
environmental 
management 
projects  
 

 No  

Main advantages and disadvantages:   
-This tool was intensely debated and there was disagreement between 
WG members, those in favour argued that farmers get to choose 
activities that they have specific interests in, instead of choosing from a 
prescriptive list of one-size fits all options, whereas the opponents 
reasoned that such schemes are currently too advanced for the local 
communities and concerns were raised over the potentially high 
transaction costs and the level of expertise needed to support a 
diversity of schemes; Because one of the conditions for the policy tool 
to be approved was to have the support of all the relevant institutions 
the policy tool was rejected. Nevertheless the stakeholders decided to 
consider it in the future, in a second stage of policy implementation, 
provided the economic incentives interventions selected proved 
successful.  
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stakeholder to ensure their view was accurately represented. Stakeholders were satisfied with 

the outcomes and they did not want to make any changes before trialling the interventions in 

the role-playing game.  

 
Table 6.4 Selected economic incentives schemes 

Schemes 
Description WG’s arguments for selection WG’s comments 

Scheme A. Wildflower meadows 

 

Farmers get 
support to 
enhance 
agriculture 
(increase 
yields) as a 
condition to set 
aside land for 
native 
grasslands in 
form of 
wildflower 
meadows 
 
 

 
-This scheme has the potential to enhance soil fertility by 
leaving land on the farm uncultivated (UPASI raised 
concern about the “drastic decline” in soil fertility in the 
last 20 years) 
-The scheme has the potential to increase grasslands which 
are becoming increasingly scarce (Forest Department) –
see Section 2.4.4 for historical decline 
-Pollination was highlighted as a conservation problem 
and the scheme has the potential to mitigate the negative 
effects of agriculture on pollinators (Horticulture 
Department, UPASI) 
-Attracting birds means better pest control (Farmers’ 
Group) 
-Higher yields allow farmers to leave some land 
uncultivated (Horticulture Department)  
- The use of inputs is limited by the household income 
from previous years, supporting the farmers will be 
beneficial for agriculture (Farmers’ Group) 

 
-Financial incentives should be 
given to farmers who spare land 
(Farmers’ Group)  
-The value of incentives should 
be fixed for all farmers and it 
should be at a level that 
compensates for not using the 
land for agriculture  
(Horticulture Department, 
UPASI) 
-This scheme should allow 
farmers to enrol or come out at 
any time (Forest Department) 
-The scheme can be applied for 
how many years the farmer 
decides to (Farmers’ Group) 

Scheme B. Forest plantation 
Farmers get 
support to 
enhance 
agriculture as a 
condition to 
spare land for 
trees  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
-It has the potential to increase water reservoirs on the 
farm (Forest Department, Farmers’ Group) 
-It decreases the pressure on the protected forests (Forest 
Department) 
-The use of inputs is limited by the household income 
from previous years, supporting the farmers will be 
beneficial for agriculture (Farmers’ Group) 
-Those who are not in favour of jungle wood/fruit trees 
can decide to grow exotic tree species (but they need a 
special permit from the Forest Department); while the 
department acknowledged that jungle wood is more 
valuable for conservation, excluding those who are only in 
favour of exotic tree species will be ultimately at the 
detriment of biodiversity by increasing the pressure on 
protected forests 
-Farmers can generate extra income by selling timber or 
commercialization of fruits from the fruit trees planted 
(UPASI, Horticulture Department) 
-Mulch can be used as fertilizer (UPASI) 
-To ensure that farmers continue to maintain the forest on 

 
- Financial incentives should be 
given to farmers who decide to 
spare land for trees (Farmers’ 
Group, Forest Department) 
-The value of incentives should 
be fix for all farmers and it 
should be at a level that 
compensates for the agricultural 
loss/wildlife disturbance 
(discussed by all group 
members) 
- As a measure of forest 
protection once the farmers 
enrol in the scheme, they will 
have to participate for a 
minimum of 25 years; 
withdrawal at any time earlier 
than that attracts compensation 
fees (FD) 
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Continues from 
previous page 
 
 
 
 
 

their land a financial bonus should be given every 3 years 
(Forest Department) 
- Having a tree logging quota on the farms instead of 
asking for tree felling permits from Forest Department can 
be a positive incentive to plant and maintain the forest 
(Farmers’ Group) 

Scheme C. Tree intercropping 

Farmers get 
support to 
enhance 
agriculture on 
their farm as a 
condition to 
intercrop more 
trees  
 

-There is water scarcity in the study area so the scheme has 
the potential to increase water reservoirs on the farm 
(Forest Department, Farmers’ Group) 
-It decreases the pressure on the protected forests (Forest 
Department) 
-The use of inputs is limited by the household income 
from previous years, supporting the farmers will be 
beneficial for agriculture (Farmers’ Group) 
-Those who are not in favour of jungle wood/fruit trees 
can decide to grow exotic tree species, but only with 
special permits (Forest Department) 
-Extra income can be generated from commercialization of 
fruits from the fruit trees planted (UPASI, Horticulture 
Department) 
-Mulch can be used as fertilizer (UPASI) 
 

- Financial incentives should be 
given to farmers who decide to 
intercrop more trees on their 
farm (Farmers’ Group) 
-The value of incentives should 
be fixed for all farmers and it 
should be at a level that 
compensates for the agricultural 
loss/wildlife disturbance 
(discussed by all group 
members) 
-Once the farmers enrol in the 
scheme, they will have to 
participate for a minimum of 25 
years; withdrawal at any time 
earlier than that attracts fines 
 
-Bonuses should be given for 
landscape connectivity of the 
lands under one of the schemes 
(Forest Department) 

Bonus: The stakeholders considered the value of biodiversity conservation can increase if farmers receive 
bonuses for connecting the areas of land enrolled in any of the two schemes that spare land for conservation on 
the farm (Schemes A and B). 
Note: Stakeholders’ discourse revolved around how agricultural practices of the last century related to 
conversion of wetlands and forests, over-grazing, excessive use of pesticides and synthetic fertilizers, soil 
degradation and erosion and lack of organic material inputs led to unsustainable agricultural practices that are 
already reflected in yield penalties. As a result intensification under scheme A and B should only be promoted in 
a way that doesn’t contribute to these downward spiral. 



 195 

Out of the three agri-environmental strategies proposed for testing in the RPG, two 

incentivise segregation of nature and food production: Wildflower Meadows (Scheme A) and 

Forest plantations (Scheme B). The third scheme incentivises integration of the two on the 

farm, Tree Intercropping (Scheme C). What is of particular interest is the way the 

stakeholders set up the first two interventions, Wildflower Meadows and Forest plantations. 

More specifically stakeholders considered that enrolment in any of the two interventions leads 

to an automatic increase in production coupled with the protection of biodiversity. One 

doesn’t happen without the other, one assumes the other. The decision to test the interventions 

following this assumption prevents situations such as corruption and free-riding to manifest. 

For example, corruption could manifest when farmers are claiming financial benefits without 

taking measures to increase production or setting aside land for conservation. Free-riding 

could occur when farmers are not setting aside land for conservation but using ideas about 

how to improve productivity by learning from farmers that enrolled in interventions. In a land 

sparing context this assumption has major implications for both productivity and biodiversity 

conservation. In their current form these two interventions lead to an optimal land sparing 

outcome. In reality corruption and free-riding are important aspects that will need to be 

factored in to obtain a more accurate representation of the outcomes of the interventions and 

their potential dangers. 

All of these schemes are a mix of incentives under the second and third category of land-use 

interventions (Economic incentives and Strategic deployment of technology, infrastructure 

and knowledge) as identified by Phalan et al. (2016). Whether the interventions represent 

forms of land sharing or land sparing is discussed in Section 6.4.1. 

Scheme!incentives!

The minimum level of financial incentive per acre of land that would motivate farmers to take 

part in the schemes varied between the three schemes (Figure 6.4). 

The majority of respondents felt that an incentive of a minimum 50,000 INR per acre of land 

would motivate them to enrol in Schemes A and C, whereas over 80% of respondents 

considered that Scheme B should start at a minimum of 60,000 INR per acre.  
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Figure 6.4 The proportion of farmers interested to join Scheme A, B, C by minimum compensation levels (n=48) 

With the results from the survey the WG decided to establish the compensation levels at the 

minimum levels that would satisfy the majority of farmers. The financial incentives were 

therefore set at the following levels: 

• Scheme A: 50,000 INR per acre per year  

• Scheme B: 60,000 INR per acre per year 

• Scheme C: 50,000 INR per acre per year 

!

Final!RPG!Schemes!

 

The final schemes to be tested in the RPG are summarised in Table 6.5. The stakeholders 

were the ones that set all the terms and conditions of the schemes.   

The proportional increase in production in the RPG under Schemes A and B is universal for 

all farmers. This means that regardless of the physical characteristics of the farms or the 

management practices all farmers that have enrolled in the two schemes will receive a 10% 

increase in their production. Similarly they will have a 10% decrease in production under 

Scheme C. This of course represents a simplified assumption. In reality production increases 

will vary widely between farms. However, the scope of the study was not to focus on closing 

yield gaps, which other studies have already done (e.g. Phalan et al., 2011, Phalan et al., 

2013). Instead, the aim was to understand the acceptability of such interventions in a 

landscape where closing yield gaps is believed to be possible.  
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The increase in production was set at 10% for all farms, though there is potential for yields to 

increase beyond this level. Stakeholders decided that the success of the interventions has to be 

first demonstrated and then in a later stage efforts could be focused on increasing production 

further and tailoring the interventions to better meet the needs of farmers while continuing to 

improve biodiversity conservation.  

 
Table 6.5 Terms and conditions of scheme enrolment used in the RPG 
Schemes Benefits of enrolment Incentive  

Scheme A 
Creating land on the 
farm for grasslands 
(wildflower 
meadows) 

Farmers that set aside land for wildflower 
meadows get a 10% increase in yields on the 
rest of the farm.  

50,000 INR/acre of wildflower 
meadows/year  

Scheme B 
Creating land on the 
farm for forest 
(forest plantations) 

Farmers get a 10% increase in yields as a 
condition to set aside land for native tree 
plantations (200 trees/acre).  

65,000 INR/acre of tree 
plantations/year 
(Initially the incentive was 
established at 60,000 INR/acre, but 
after the RPG test and calibration 
sessions the value was adjusted) 

Scheme C 
Intercropping trees 
on the farm 

Farmers get support to enhance agricultural 
practices on their farm as a condition to 
intercrop more native trees (100 trees/acre). In 
the ABM to increase enrolment in the 
intervention the stakeholders decided to allow 
farmers that oppose having native trees on 
their farms to plant exotic trees. 
There is going to be a 10% decrease in 
production on the farm as a result of reduction 
in area under harvest following intercropping.  

50,000 INR/acre of intercropped 
land/year 

Production 

To achieve a 10% increase in production the Tea Board, UPASI and Horticulture 
Department proposed a series of measures through which they will provide framers 
with:  

• Technical advice on soil and nutrient management;  
• Technical advice on integrated pest and disease control; 
• Support with tea saplings for revitalizing the plantations; 
• Technical advice on fine tea leaf plucking; 
• Access to high yielding vegetable seeds; 
• Technical support with the set up of self-help farmers’ groups to eliminate 

middlemen, increase profit and enable farmers to reinvest some of the 
earnings in farm and labour inputs. 

Bonuses In order to increase the connectivity between native vegetation farmers receive a one-
off payment if they enroll together at least 1 acre of adjacent land in Scheme B or C. 
The bonus is 10,000 Rupees/acre of land enrolled.  

Dropping out fees Farmers that enroll in Scheme B and C and decide to drop out pay a fee equivalent 
with 10% of the cumulated income received from the schemes over the duration of 
enrollment.  
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6.3.1.4 Phase.5..Designing.the.RPG:.general.description.

This section describes the RPG co-constructed with the stakeholders.  

Venue!

The game sessions were organised in community halls within the 5 Badaga villages where the 

workshops were conducted. Three other assistants that fulfilled different roles throughout the 

workshop helped with the organisation of the RPG.  

 
Representing!the!landscape!!

The playing environment of the agents is a 2-dimensional board representing an abstract 

version of the local environment with its three main land uses: tea, agriculture and forestland. 

Tokens were used to display the different land uses.  

The game board was formed of 6 plots of land, one for each player (Figure 6.5). The players 

placed their tokens on their plot to represent the different land uses owned.  The size of the 

tokens (land) was expressed in cents, which is the local land size metric used by the farmers 

(1 acre = 100 cents). Different colours and sizes of tokens were used to represent the size of 

land, the land use and to represent the three schemes (A, B, C) that farmers enrolled in. The 

forest is represented at the edge of the board. In the game the farmers could not alter the edge 

of the forest because it is under protection and because it represented what happened in real 

life at the time of the study. Also, the farmers do not start with trees on their farm, they are 

cultivated only as part of the interventions. 
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Figure 6.5 Representation of the RPG board and the tokens used to describe the land uses. The size of land is expressed in 

cents as per the local metric (1 acre=100 cents). The game board and tokens were based on Sierra Springs game García-
Barrios et al (2015) 

Players!

A RPG workshop was designed for 6 players. The players were selected Badaga farmers from 

the study villages that play the role of a farming household in the game. In a RPG the 6 

farmers distinguished themselves based on assets; land size, land use, crops cultivated, on-

farm and off-farm income. Farmers also distinguished themselves based on economic factors, 

specifically the different costs associated with their household-agriculture, education, food 

costs and house maintenance. Finally farmers had varying demographic characteristics: 

family size and dependency ratio. The profile of the farming households was intended to 

capture the diversity of low to high-income households as well as the different types of farms 

by land use. The characteristics of the farms at initialization are presented in detail in 

Appendix 6.1 and the details of selecting the characteristics for the farms are presented in 

Table 6.6.  
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Table 6.6 Data used in constructing the household profile of the six RPG players using information from the in-depth 
household survey and recommendations of the stakeholders in the Working Group 

Profile 
components 

Description Data source and comments 

1. Landholding 
size 

The area of land allocated to each 
player varied from 0.5 to 2 acres. 
Farmers received tea plantation and/or 
agricultural land.  
On the agricultural land they had a 
choice to grow up to four vegetables: 
cabbage, potatoes, carrot and beans.  
Tea owners did not have to take any 
decisions regarding tea plants 
cultivation. It was assumed they 
already own yielding tea plants so 
there was no start up investment 
required. 
 

Tea and vegetable plot sizes for each farmer were 
established based on the distribution curves from 
the in-depth household survey and the 
recommendations of the WG.  
 
The food crops represented in the game were 
selected based on the top most cultivated crops in 
the landscape as per Horticulture Department 
recommendations (which also coincide with the 
results of the in-depth survey-see Section 4.3.6.2). 

2. Family size 
Each player represented a household 
of 2 to 7 members. 
 

 
Family size was established based on the in-depth 
household survey (n=265) results, which show that 
family size varies between 1 and 11 members, with 
most of the families having below 7 members and a 
family average of 3.73 (Section 4.3.3.1) 
 

3. Annual off-
farm income 

The annual income varied from 0 to 
180,000 INR per household and that 
remained constant throughout the 
game for most of the households.  

 
The off-farm household income was selected by the 
WG based on the information in the in-depth 
household survey (Section 4.3.4.1-4.3.4.2) and their 
knowledge of the area as to what makes a 
representative earning for a household.  
 

4. Annual on-
farm income 

On-farm income is dependent on:  
• The farmers’ decisions on 

what to grow on the farm 
• The investment made on the 

farm (costs with labour and 
fertilizers) 

• The amount of production 
retained for consumption and  

• The price negotiated on the 
market when selling the crop. 

 
The farmer is the one that takes decisions about 
what to grow on the farm, how much to invest on 
the farm and how much to retain for consumption.  
At landscape level, each crop has an annual average 
yield (historical data from Horticulture Department) 
and an average cost per unit of production that 
remains constant throughout the game (reported by 
Horticulture Department). Based on these data, each 
farmer receives a yield for each crop cultivated, 
calculated proportionally to the investment the 
farmer has made with that crop. 
The average price at which the crops can be sold on 
the market changes every year following the 
historical data reported by farmers’ group.  
Examples about the crop yields, costs per unit of 
production and market prices used for players are 
found in Appendix 6.2.  
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Profile 
components Description Data source and comments 

5. List of costs 
A set of minimum costs that they need 
to cover: education, food, household 
maintenance and farming costs 

The 4 expenses are the top main factors (identified 
in the in-depth household survey) that impact 
directly or indirectly on the farmers’ livelihood 
strategies. 

Education costs 

Education costs varied for each 
household and changed over the 10 
rounds. Educations costs were set at 
50,000 INR/year per child for 
secondary education (high school) and 
100,000 INR/year for tertiary 
education (university level) 

Data was provided by the WG based on the average 
local fees reported in Tamil Nadu. Those that could 
not pay for education fee had the option to put the 
children in public schools where minimal fees are 
paid.   

Food costs  

The WG decided to establish the food budget for 
each household above the food security borderline 
(see Section 5.4.2.2) to allow observation of who 
will find it difficult to meet the costs and would 
proceed to diminishing their costs.  

Other costs Household maintenance varied from 
10,000 to 25,000 INR per household 

The maintenance costs represent a general category 
and they included expenses associated with festival 
days contributions, unforeseen events, budget with 
transportation, items and clothing required for the 
household members. The survey did not provide 
information about all these costs. As a result, in the 
game, the maintenance costs of each household 
were randomly selected from a range proposed by 
the farmer members of the WG after consulting 
with village members from their own community.  

Farming costs 
The households were provided with the average cost of production per crop and they could 
decide whether to maintain, increase or decrease the cost (as per the description in this table, 
row 4. Annual on-farm income) 

6. Land use 
transactions and 
conversion 
prices 

A list of prices at which they can 
convert their land (tea to agriculture 
and agriculture to tea) or at which they 
can buy/sell tea and agricultural land 
was provided for each player.  

In establishing the buying or selling prices for each 
player the WG used the data from 81 land 
transactions (29 bought land and 52 sold land) 
recorded in the in-depth HH survey. The majority 
(over 50%) of transactions involved scrubland plots 
which were not of interest to the RPG. The price of 
agricultural land transacted varied between 
3,500,000 to 7,000,000 INR/acre, whereas for tea 
transactions as high as 18,000,000 INR per acre, 
were recorded.  
The conversions costs were established by the WG 
farmers, based on their experience and knowledge 
of the area and varied between 4,000,000-
15,000,000 INR/acre. 

!

The 6 profiles of the farms, which can be referred to as the initial conditions, were common 

between all 5 RPG workshops. The role of the players was to take decisions, similar to their 

real life, on how to manage their land and what livelihood strategies to adopt. Players had to 

ensure they are able to satisfy the needs of the households by covering the costs with food, 
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education, household maintenance and agricultural costs. Every round they had to explain the 

land use decisions made during the past year to meet those objectives. When land use policies 

were introduced in the landscape the RPG followed farmers’ response to the policies and the 

change in land use and livelihoods strategies. 

 

Other!players!in!the!game!

As per the conceptual model diagram presented in Section 6.3.1.2 (see Figure 6.3), there are 

two main stakeholders that interact with the farmers: the Market and the Agency. The Agency 

represents the joint interest of the institutions that are responsible for implementing, funding 

and monitoring the three agro-environmental schemes selected by the WG in Phase 4. The 

Market’s role was to negotiate the selling prices of crops with farmers. Two trained RPG 

assistants played the role of the stakeholders. In the RPG workshop I was the game master- 

the person that holds all the information about the game, coordinates the session and ensures 

that the game proceeds according to the rules. 

 

Number!of!rounds!and!scenarios!!

Given time management constraints the game was played for an optimum of 10 rounds, the 

equivalent of 10 agricultural years. As requested by the stakeholders, in the first five years the 

RPG followed the land use processes and livelihoods strategies that occurred under business-

as-usual scenario, whereas in the second half of the game the same processes were monitored 

following the introduction of all the land use schemes, at the same time, operated by the 

Agency.  

For the ABM the stakeholders wanted to see all the interventions tested one at a time as well 

as all interventions together, which would have been difficult to test in the RPG.  

Game!sequence!and!organisation!of!the!workshop!venue!

Farmers follow several steps in one agricultural year (Figure 6.6).  
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Figure 6.6 RPG game sequence, the aim of each player and the spatial organisation of the workshop venue.  

Game players are represented by green ovals: 1. Farmers (F), 2. the market (M) and 3.the Agency. The support 
team is represented in purple: 1 Game Master/Facilitator (FA) that knows all the rules of, and coordinates, the 
game; 2 Assistants that facilitate the game and translations (A); 1 Computer Assistant that calculates the yield, 
profit and income for each farmer based on their decisions (C). 
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First they decide what food crops to grow on their vegetable land and for how many seasons 

to grow them for (between 1-3 seasons). Season three is not always successful due to 

variability in weather conditions (see Section 4.3.6.2), so farmers can decide to risk growing 

food crops in season 3 or not. The household then decides how much they can invest on the 

farm inputs (labour and fertilizers) on tea and food crops and based on their investment they 

receive an estimated yield. At the end of the agricultural year the farmers negotiate the prices 

of their crops on the local market and with the money obtained from selling their crops and 

the off-farm income they decide how to allocate their budget to meet their livelihood 

strategies.  

The Agency introduces agro-environmental schemes in year 5 of the RPG. Farmers can 

decide at this stage whether they want to enrol land in any of the three schemes. They 

negotiate directly with the Agency the size of land to enrol and the level of incentive they 

receive. The interventions follow the conditions presented in Section 6.3.1.3 (Table 6.5).  

If at the end of the year the household did not manage to cover the living costs they can take 

several actions including: borrowing money from the bank, decreasing costs or abandoning 

the land. If they have extra money they can decide to save it, increase their costs in order to 

have better livelihoods or to buy more land. Not all these actions are specifically stated to the 

players because the game aims to understand what processes emerge under different financial 

conditions experienced by the households. 

6.3.1.5 Phase.6..Testing.and.calibration.of.the.RPG.

There was a general consensus among players that the game was entertaining and it reflected 

real-life land use management and livelihood decisions. While some of the players found the 

game complicated others thought it was easy to follow. Additional observations regarding the 

game play arose from the trial sessions. Firstly, stakeholders raised concerns about the 

lengthiness of the game. The trial sessions lasted around 10-12 hours, some of the farmers 

were eager to play in one day while others wanted to have the game divided into a two-day 

session. Secondly, delays occurred as people were seeking support from the game assistants. 

This was because farmers had to calculate and divide their budget for different activities in 

each round and some of the computations were more demanding. Thirdly, the players 

considered that the negotiation mechanism around the prices of the crops and the agro-

environmental schemes was very well set in place. However, they reported that some players 

were cheating and trying to take advantage by deciding the crops to grow only after their 

neighbours reported on the most profitable crop on the market that year. Finally the agro-
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environmental schemes were popular and considered to be well thought out and feasible, but 

farmers felt that compensations to spare land for forest plantations (Scheme B), needed to be 

increased. 

In order to improve the experience of the farmers and to address the issues raised in the 

debriefing session, several changes were proposed:    

1. Allow the players to decide as a group on the schedule of the RPG session – a one day or 

two day workshop; 

2. Introduce calculators to speed up the computation processes; 

3. Introduce template forms that allow farmers to keep a clear breakdown of the incomes 

and costs;  

4. Start the negotiation processes only after all the farmers have decided what crops to grow 

on their land; 

5. Increase the compensation for scheme B from 60,000 to 65,000 INR per acre. 

 

The next section (Section 6.3.2) presents the outcomes of the RPG workshops.  

 

6.3.2 Role?playing*game*results*

The RPG results provide insight into the decision-making processes that occurred during the 

game in the baseline scenario (business-as-usual) and following the introduction of land use 

polices in year 5. To better observe the land use dynamics and changes in livelihood strategies 

under the two scenarios the results are compared against each other where relevant.  

6.3.2.1 Social.acceptability.of.policy.interventions.(scheme.uptake).

Scheme enrolment occurred in all 5 RPG villages.  

Of the 30 players only two did not enrol in any schemes, whereas one enrolled in all three 

schemes, 19 players enrolled in one scheme only and 5 players enrolled in two schemes 

(Figure 6.7). 
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Figure 6.7 Chart showing the frequency of enrolment by number of schemes (n=30) 

The most popular scheme, by number of players enrolled, was Tree Intercropping with 14 

players (47%), followed closely by setting land aside for Wildflower Meadows with 13 

players (43%). Forest plantations scheme was adopted by 6 players or 20% (Figure 6.8).   

 

 
Figure 6.8 Chart showing frequency of enrollment by scheme type (n=28) 

However, by land area enrolled, Tree Intercropping was the dominant land use policy, 

covering an area almost 4 times larger than Forest Plantations and 2/3 larger than Wildflower 

Meadows (Figure 6.9). This suggests that even if almost the same number of players enrolled 
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in both Wildflower Meadows and Tree Intercropping, larger farms preferred tree 

intercropping.  

 

 
Figure 6.9 Chart showing total area enrolled (in acres) under each scheme 

The average size of land per player enrolled in the schemes was: 0.36 acres for Wildflower 

Meadows, 0.33 acres for Forest Plantations and 0.53 for Tree Intercropping. 

 

The size of land enrolled varied across the 5 years the policies were in place (Figure 6.10). 

Most of the land allocated to schemes was enrolled in the first year. There was a marginal 

increase in the land enrolled in Wildflower Meadows (Scheme A) and Forest Plantations 

(Scheme B) by the end of year 10, while enrollment in Tree Intercropping (Scheme C), almost 

doubled in the same period of time.  

0.00!

1.00!

2.00!

3.00!

4.00!

5.00!

6.00!

7.00!

8.00!

A:!Wild]lower!meadows! B:!Forest!Plantations! C:!Tree!intercropping!

To
tal
!ar
ea
!en
ro
lle
d!i
n!s
ch
em

e!(
in!
ac
re
s)!

Schemes!



 
 

208 

 
Figure 6.10 Stacked area chart showing changes in total area enrolled in each scheme over 5 years  

In terms of land use type enrolled in schemes there was a preference towards tea land being 

enrolled in the agro-forestry intervention (Scheme C) and vegetable land being spared for 

wildflower meadows (Scheme A) or forest plantations (Scheme B).  

6.3.2.2 Land.use.changes.

Land use change is reported as aggregated results from all 30 landholdings in the 5 

workshops.  

During the RPG the total land under different land uses varied over time (Figure 6.11) as a 

result of land use conversion, scheme adoption or land transactions.  

 
Figure 6.11 Line chart showing the evolution over time of land area under different land uses. Scheme C (represented with a 
dashed line) is not treated as a separate land use type but it is represented here to show the area of land on which trees were 
intercropped, either on tea or vegetable land.  
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The most noticeable change is the decline in tea land, which reduced to almost half the size 

from the initial value of 20 acres, mainly as a result of conversion to other land uses.  

The main reasons for tea conversion that were stated in the decision-making forms are:  

i) Insufficient income from tea to cover basic household needs; 

ii) The crop is unprofitable; 

iii) Low selling prices; 

iv) Agriculture is more profitable and additionally more food crops could be produced on 

land for household consumption. 

!
There were a total of 11 households (36%) that converted from tea to agricultural land. This 

led to an expansion in agricultural land by about 47% over the 10-year period. Most of the 

land conversion occurred prior to the introduction of the schemes.  

 

Land use transactions show that 24 players (80%) acquired more vegetable land. The size of 

land transacted in a year by a player ranged from 0.03 to 0.25 acres. Land was transacted in 

all 5 villages. There were no players that converted to or bought tea plantation land. 

 

Overall, the total farmland (agriculture, tea and tree intercropping) decreased by about 10%, 

from 33.75 to 31.43 acres (Table 6.7). Farmland accounted for about 82% of the land use and 

land cover (LULC) at the end of year 10 while land spared for nature covered the remaining 

18%.  
Table 6.7 LULC at the beginning and at the end of the game 

Land use Land size (Year 1) Land size (Year 10) 

 Absolute (acres) % of LULC Absolute (acres) % of LULC 
Agriculture 13.75 40.74 20.20 52.98 
Tea 20.00 59.26 3.93 10.31 
Tree Intercropping (tea) 0.00 0.00 7.30 19.15 
Wildflower Meadows  0.00 0.00 4.70 12.33 
Forest Plantation 0.00 0.00 2.00 5.25 
Total land 33.75 100.00 38.13 100.00 

 

6.3.2.3 Environmental.changes.

Number!of!trees!in!the!landscape!!

There was an increase in the total number of trees in the landscape as a result of the 

conditions of enrolling under Forest Plantations (Scheme B) and Tree Intercropping (Scheme 
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C). The latter intervention generated almost twice as many trees in the landscape as Scheme 

B, even though enrollment in Scheme B required the plantation of 200 trees per acre 

compared to 100 trees per acre under Tree Intercropping (Figure 6.12).  

 
Figure 6.12 Chart showing the total number of trees planted under each intervention as a result of enrollment  

 

Connectivity!of!native!habitat!patches!

Connecting native patches of vegetation set aside for conservation (Wildflower Meadows and 

Forest Plantations) was motivated by a one-off bonus given to the farmers that joined the 

lands to create conservation land on a minimum of 1 acre. Nine farmers from all villages 

obtained the bonus and the areas of native vegetation connected varied from 0.5 acres (no 

bonus was given) in Kercombai village to 2.5 acres in Nedugula (the equivalent of about 35% 

of the total land cover of the village). 

6.3.2.4 Production.and.size.of.compensation.

The increase and decrease in production was the direct result of scheme enrollment and 

represented a setting of the RPG. The stakeholders decided to test the model with a 10% 

increase in production on those farms that spared land for Wildflower Meadows or Forest 

Plantations and a 10% decrease for those that enroll in Tree Intercropping. Under these 

production conditions 43% of the landholdings benefited from an increase in production by 

sparing land for wildflower meadows (Figure 6.13) and received a total compensation of 1,3 

million INR ($20,000). Under Forest Plantations 20% of the landholdings benefited from a 

10% increase in production and received a total compensation of 715,000 INR ($11,000), 
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whereas 47% of the landholdings experienced a decline in production and received a 

compensation of 1,8 mil INR ($28,000) when they enrolled in Tree Intercropping scheme.  

 

 
Figure 6.13 Chart showing the percentage of landholdings (n=30) that benefited from an increase or decrease in production 

as a result of scheme enrollment 

Even if consideration was given to the methods and costs of increasing the yield on the farms 

by the Agency, the exact details were beyond the purpose of the RPG. 

6.3.2.5 Economical.processes.and.their.outcomes.

The different livelihood strategies that farmers adopted during the RPG sessions are best 

revealed by the situations in which farmers were confronted with financial balance changes. 

More specifically, how did farmers adapt to situations when there were insufficient funds to 

cover household costs and what did they do when they had money to spare? 

Land!use!and!livelihood!strategies!for!years!with!positive!balance!

After covering the costs associated with agriculture, food, education and household 

maintenance farmers used the funds for the following: 

1. Save the money for next year 
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The order in which these strategies were performed varied slightly from player to player. It 

was observed that prior to buying land farmers preferred to convert their existing land to a 

more profitable land use if viable.  

Even if the farmers had the option to improve their lifestyle by increasing their spending on 

farming, food, household maintenance or education, there was no player that performed that 

change.  

The debriefing sessions and decision-making forms showed that the main reasons stated by 

farmers are: 

• “In reality I would have increased my spending, but the game did not provide any 

advantage for increasing costs of food, education or household maintenance” (Farmer 

Nedugula No. 5)  

• 17 farmers (over 57%) considered that the current costs were realistic to what an 

average-income family pays so there is no reason to increase or decrease them  

• It was more important to convert or buy land first; 3 farmers added that by doing so 

their status in the community improved as they demonstrated more financial security 

and this in returned allowed them to get more loans from their neighbours when in 

need. 

!

Financial!shortages!and!adaptive!livelihoods!strategies!!

In all cases financial shortages occurred (13 players or 43% out of all players) either as a 

result of a reduction in the on-farm income (12 players or 40%) and/or an investment to cover 

the conversion to a more profitable land use (6 players or 20%).  

 

The farmers followed a similar decision-making process and adopted a suite of coping 

strategies (Figure 6.14) to deal with years in which household costs exceeded their incomes. 
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Figure 6.14 Charts showing the livelihoods strategies adopted to overcome financial shortages before and after the schemes 
were introduced 

After using their savings from previous years the same players (13 players, 43%) opted for 

loans as a strategy to cover the negative balance. One player took a loan for a total of 5 years. 

Loans could be taken from the bank but for no more than three consecutive years, after which 

the households had to have at least one year of positive financial balance before asking for 

another loan. Alternatively loans could be taken from neighbours. While all players in debt 

used the bank to borrow money, 6 of the 13 players took loans from the neighbours as well. 

 

The sale of land only occurred after the household has taken a loan from the bank at least 

once. In total 6 players (20%) sold land due to financial problems.  

 

Throughout the RPG sessions there were no farmers that abandoned their land, however in the 

decision-making forms 10 farmers (33%) stated that under financial pressure they considered 

abandoning the land. In the debriefing session one of farmers from Sundatty village said “this 

game that we played today allowed me to see the true extent of the financial pressure 

resulting from our dependence on a once profitable crop [reference to tea]; it is sad to see 

how good farmers and neighbours abandoned their field and their community because of this. 

The young generation they want to leave, but us [refereeing to his generation of middle age 

farmers] our land and our community is our pride”. This is a representative statement and a 

common discourse shared by farmers in the debriefing sessions.  
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Unexpectedly there were no households that wanted to reduce their costs to accommodate for 

the years with financial shortages even if this option was available to them. The same line of 

reasoning applied as in the section above (Land use and livelihood strategies for years with 

positive balance), when farmers were asked why they didn’t make any changes to their 

spending budgets. 

6.3.2.6 Food.security.

All the households started with a budget that ensured they were food secure. Throughout the 

RPG the farmers did not change their initial food budget. The rationale behind is that farmers 

did not want to decrease their food budget under financial pressure and preferred to cover the 

budget gaps by taking other actions. When spare money was available they did not want to 

increase the budget because they either thought it is an optimal food budget or because the 

increase did not offer any advantage in the game. Households did not retain any food crops 

for household consumption because they preferred to trade the crops for money.  

6.3.2.7 Feedback.forms.

Most of the farmers (24 players or 80%) found the game complex, whereas the others though 

it was about the right level of complexity (4 or 13%) or too simple (2 or 7%). The game was 

found entertaining by 23 farmers (77%) whereas the others though it was reasonable (4 

players or 13%) or too long (3 players or 10%).  

In terms of how the land use decision-making processes compare to reality, farmers reported 

that: “I felt I was managing my own land” (15 players or 50%), “Quite close to the way I 

manage my land” (8 players or 27%), “Some aspects are relevant to my land use decisions” (6 

players or 20%), “Nothing like managing my own land” (1 player or 3%). The resemblance of 

decision-making processes in the game compared to real life demonstrates that the RPG was 

fit for purpose and that it produced valid and useful results. 

 

6.3.2.8 Extrapolating.the.RPG.results.to.the.ABM.

Several decades ago Levins (1966) considered that the trade-offs involved when developing a 

modelling strategy lie between three main axes: reality, generality, and precision (Odenbaugh, 

2003). The typology was not intended to be complete, but rather to capture some critical 

aspects. In general, improvements in any one area are accompanied by losses elsewhere. For 

example, global scale climate models that aim to quantify impacts as precisely as possible 

using general relationships that are applicable to all world regions would necessitate a loss of 
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realism; what is happening nationally or below this level is lost. Thus, in order to develop a 

model that is general and precise realism would have to be sacrificed. Following a similar 

principle, models more grounded in realism and precision would have to sacrifice generality, 

whereas models that need generality and realism lose precision. In the current research, in 

order to allow the modelling of detailed socioeconomic dynamics, central to understanding 

the applicability of LS/LS strategies in a real world context, generality had to be sacrificed 

over reality and precision. The model is useful for specific circumstances being considered 

rather than its capacity to represent more general dynamics, such as global scale production 

and biodiversity. As such, it is important for the data obtained from the RPG to be as closely 

evocative of the real processes as possible. Understanding how far the results from the games 

can be extrapolated to real life (known as the external validity of those results) becomes an 

important matter when translating the RPG results into ABM processes. Triangulation of 

knowledge obtained through a variety of methods was key in aiding this translation and 

assessing the external validity of the RPG. The feedback forms and debriefings discussions 

held at the end of each game session helped validate the outcomes of the games. The 

dynamics that occurred during the RPG sessions, and were endorsed by the players, were 

translated into ABM processes in a straightforward manner (see details in Chapter 7, Table 

7.4). There were, however, instances that revealed the RPG was not equipped or able to 

capture processes representative of the local reality. This section focuses on these processes 

and details how these limitations were overcome in order to translate them in ABM 

procedures.  

The first processes that the RPG felt short of capturing were the increase and decrease in the 

households’ costs over time associated with food, household maintenance and education (see 

Section 6.3.2.5 for why this was the case). In the ABM this limitation was however resolved 

using data from the household survey. Households were asked about how they make these 

decisions and how do they prioritise their budget cuts/increases.  

The second process that farmers debated was outmigration from the landscape. Farmers did 

not migrate out of the landscape (which translates into exiting the game) during the RPG. The 

feedback forms and the debriefing sessions revealed however that financial hardship would 

push some of the farmers to do so. In the ABM it was proposed for households that were left 

with no financial alternatives to covering basic costs of life, to exit the system. This represents 

a ‘crude’ assumption and future research would benefit from a more in depth understanding of 

the typology of households that are representative for outmigration. Identifying the 
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respondents is however difficult and is likely to represent the main limitation of obtaining an 

illustrative image of the exodus dynamics.  

The last process that the RPG felt short on providing information is the conditions under 

which the farmers leave the schemes they have enrolled in. To be able to observe this process 

the game would have had to be played over a longer period of time and its complexity 

increased. A trade-off was however needed given the already lengthy duration of the game. 

Thus, in the ABM it was proposed for a percentage of random enrollers to leave the scheme 

automatically without requiring any pre-conditions.  

6.4 Discussion 

6.4.1 Plausible*LS/LS*mechanisms*identified*by*the*stakeholders**

Policy makers along other relevant stakeholders from the Nilgiris have proposed for 

deliberation four mechanisms through which the land use policies could be instituted in the 

landscape: market-based approaches, land use zoning, certification and reverse auctioning. 

Recognizing the current social, economic, environmental and political realities, stakeholders 

identified only one mechanism, market-based approaches, that could benefit food production 

and biodiversity conservation while dismissing the other three. This result highlights the 

importance of engaging with local stakeholders to determine the local suitability of potential 

interventions. The value of stakeholder engagement has been highlighted by studies from 

across the discipline of conservation (Reed, 2008, Brooks et al., 2013, Sterling et al., 2017). 

In Bezà Mahafaly reserve, Madagascar, local stakeholders have played a central role in 

conservation decision-making since 1975 and their engagement has been shown to increase 

the diversity in decision-making bodies, leading to higher quality decisions that are better 

adapted to the local social-cultural and environmental contexts (Richard and Ratsirarson, 

2013). Stakeholders’ ownership of this decision making process has then increased support 

for, and the successful implementation of, proposed conservation interventions (Richard and 

Ratsirarson, 2013). In other examples, stakeholder engagement has also been shown to: 

reduce implementation costs, help set more realistic targets, understand the barriers to success 

as well as shift direction if interventions where believed to diverge from intended targets 

(Martin and Sherington, 1997, Richards et al., 2004, National Audubon Society, 2011). In 

cases where stakeholders were not included in the decision-making process the risk of 

proposing inadequate solutions has been shown to increase (Reed, 2008). In Kalahari, 

Botswana, it was found that the adoption of land use strategies by local pastoralists without 
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prior discussion of their suitability risked advancing policies that were likely to fail due to a 

lack of engagement (Reed et al., 2007). Similarly, without local insights into the Nilgiris 

context from the stakeholders the selection of the real interventions would be made top down 

without understanding the local context and could therefore risk local rejection or sub-optimal 

solutions. 

 

The policy selected by the stakeholder group, economic incentives, is a hybrid between two of 

the mechanisms proposed by Phalan et al. (2016). It incorporates Economic instruments, such 

as payments, land taxes, and subsidies by offering farmers incentives to increase biodiversity 

in the landscape, and Spatially strategic deployment of technology, infrastructure, or 

agronomic knowledge through the measures proposed to increase yields on the farm. Phalan 

et al. (2016) anticipated that local solutions would probably involve a combination of 

mechanisms, since each mechanism is most likely to be effective if implemented in synergy 

with others.  

This study adds a new dimension to the mechanisms proposed in the literature in that the 

selected mechanism is not only a combination of different mechanisms but also has the ability 

to mutate and incorporate additional strategies over time. In the selected mechanism, optimal 

solutions in terms of closing yield gaps are not always sought from the beginning. 

Stakeholders considered that in order for the interventions to be more effective in the long 

term there should be different stages in the life cycle of the policies. It was deemed that in a 

pilot stage the interventions should be universal, inclusive and attract as many enrollers as 

possible, with the aim to demonstrate their benefits and success. This will popularize the 

policy in the landscape, so that in the maturity phase they can attract more land users by better 

tailoring the interventions to the land users’ needs. Switching to entirely new mechanisms, 

reverse auctioning, in the maturity stage was also proposed. In this later stage the yield and 

biodiversity conservation benefits are expected to increase. A study in the Colombian Andes 

on silvopastoral farmers showed the importance of such staged interventions, with 58% of 

participants that entered a programme in a second phase being influenced by observing the 

success of the participants in the first phase (Hayes, 2012).  

This creation of a hybridized mechanism that evolves over time to best achieve its goals 

demonstrates that by combining the findings of participatory research with insights from 

scientific literature it is possible to produce new and more relevant interventions than either 

approach could have achieved alone. Stakeholder engagement is shown once again to have 
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important benefits, this time in the form of creating novel approaches that add new 

dimensions to scientific models. The complementarity of local knowledge and scientific 

recommendations was also observed in the Kalahari, Botswana, where innovative 

conservation solutions to land degradation problems were generated through a participatory 

process (Reed et al., 2007, Reed, 2008) 

 

The interventions (schemes) selected refer to the restoration of native vegetation, grasslands 

(Scheme A) and shola forests (Scheme B) - which have considerably reduced in size with the 

expansion of vegetable cultivation and tea growing (see Section 2.4.4). A third intervention 

(Scheme C) aims to increase the number and the diversity of trees intercropped on the farms, 

given a considerable loss of species diversity with the popularisation of Silver Oak 

intercropping within the landscape. As such, the three interventions proposed in the landscape 

align with the historical transformations observed in the landscape and the critical biodiversity 

conservation needs that resulted from these changes (see Section 2.4). As they aim to 

conserve different types of habitats, the interventions are likely to fulfil different biodiversity 

needs, making the strategies complimentary to one another (see review by Bunyan et al., 2012 

for the fauna and flora characteristics of the different habitats). 

 

Selecting locally appropriate interventions led to the formulation of some land use policies 

that do not align with classical forms of land sharing and land sparing, as classified by the 

original proponents of the framework. According to the classification by Green et al. (2005), 

tree intercropping is a form of land sharing, however the two interventions that aim to spare 

land for conservation of wildflower meadows or forest plantations while increasing the yield 

on the rest of the farm, have a less straightforward classification. The two interventions could 

meet both the sharing and sparing criteria depending on the scale at which the strategies are 

assessed and the configuration of the spared land over time. Setting aside areas for wildflower 

meadows and forest plantations could be forms of land sparing on the farm. However due to 

the pattern of land ownership within the landscape such set-aside areas would form small, 

dispersed fragments at the landscape scale, which would typically be identified as land 

sharing landscapes (Green et al., 2005). If bonuses are offered to connect these patches and 

create contiguous areas of land that have been set aside for biodiversity conservation then 

once again they would form a land sparing landscape, this time at the landscape level.  
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As other authors have stressed before, the loose definition of scale and landscape 

configuration in the debate has created confusion (Fischer et al., 2014, Kremen, 2015). 

Sparing of nature as a result of yield increases can occur at any scale or configuration. In 

England land sparing was shown to occur in the form of dispersed field margins (Hodgson et 

al., 2010), whereas in Costa Rica land was spared as small forest fragments interspersed in 

coffee plantations (Chandler et al., 2013). By contrast in Laos, eradication of shifting 

cultivation segregated the landscape in areas of high intensity agriculture and areas where 

large and contiguous forest blocks were spared (Castella et al., 2013). To avoid confusion this 

study proposes to refer to wildflower meadows and forest plantations as land sparing 

interventions, given that the land spared for conservation is directly linked to the increase in 

production.  

 

The method by which the interventions were derived has also highlighted another 

particularity: that an intended focus on optimization, of either production efficiency or 

biodiversity gains, can be impeded by local realities. From a land sparing perspective the 

optimal solution in the Nilgiris landscape was to maximize production on existing farms 

while preventing further expansion into the protected areas. However, discussions with local 

stakeholders revealed that such an approach would be futile. Low market prices, a decrease in 

soil fertility on the farms and wide spread reliance on a single unprofitable crop are among 

factors that lead to land abandonment and make intensification unattractive to local farmers. 

Furthermore, the Forest Department considers that there is no imminent threat to protected 

areas from small-scale agriculture directly. On the contrary, an expansion of regrowth forest 

is observed (see Section 2.4.4). The real threat comes from farmers having limited livelihood 

alternatives as the reliance on an unprofitable crop continues, among other factors. The 

conclusion is that engaging stakeholders from an early stage can aid the formulation of 

policies that are better adapted to the local social-cultural, environmental and economic 

context that transcends a simple production efficiencies evaluation and that stand a better 

chance of materializing.  

If a program’s objectives are the optimization of biodiversity or yield then a focus is typically 

placed only on creating mechanisms to achieve these objectives. Such theory-based designs 

fail to account for important regional variation resulting from socioeconomic factors that 

could make the interventions unfeasible locally, as was observed in this case. If interventions 

are more likely to be successfully implemented by advancing sub optimal gains in 
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biodiversity or yield then real world gains may be greater than a hypothetically superior but 

locally inferior mechanism design.  

 

The next section (Section 6.4.2) looks at the socioeconomic and environmental results of the 

RPG and discusses their meaning primarily in the local context to ensure they are relevant for 

the development of the ABM. In the ABM (Chapter 8-9), where similar metrics are analysed, 

but at the landscape level, discussions are scaled up to the broader literature.  

 

6.4.2 Characteristics*of*land*use*policy*adoption*and*decision?making*

processes*on*the*farm*

6.4.2.1 Social.acceptability.(scheme.uptake).

There is strong evidence that farmers see value in all the proposed agro-biodiversity 

interventions, with most farms favouring Tree Intercropping (Scheme C), followed by 

Wildflower Meadows (Scheme A) and Forest Plantation (Scheme B). The high rate of 

enrollment and the diversity of preferences, which manifests heterogeneously across the 

different farms, demonstrate that stakeholders selected interventions that are feasible in the 

landscape.   

 

The reason why Tree Intercropping (Scheme C) is the preferred intervention seems to be 

dictated by the preference of tea land users for this practice. Given the local intercropping 

practices this is not a surprise. Land use as a factor of decision-making also seems to be 

important in determining the level of enrolment in Wildflower Meadows (Scheme A), with 

vegetable growers being the main participants in the scheme. Tree Intercropping (Scheme C) 

is not practiced in the vegetable fields due to operational reasons (intercropping will make 

cultivation and harvesting difficult). Wildflower Meadows (Scheme A) therefore represent a 

more flexible intervention that can be implemented on any area of the farm. Its contribution to 

enhancing soil fertility also addresses a problem frequently highlighted by locals.  

Tree Intercropping (Scheme C) was more successful than setting aside land for Forest 

Plantation (Scheme B) despite the latter scheme generating both an increase in yields and a 

higher financial incentive. This unexpected outcome is considered to be the result of historical 

controversy around native tree ownership on private lands, which may drive farmers to be 

wary of having native trees on their lands (see Section 4.3.7.4). However, the configuration of 



 
 

221 

native trees on the farms appears to change land users’ perspectives on tree ownership. 

Farmers appear to have fewer concerns about tree rights when the trees are intercropped, 

compared to having contiguous areas of forest plantations. Probably this is the result of 

farmers associating intercropping with a common practice that carries fewer tree tenure risks 

as opposed to forest blocks, which is not commonplace on private land in the Nilgiris. The 

findings differ somewhat to observations in the neighbouring coffee plantations of Kodagu 

where intercropping of native trees was not favoured by farmers even after tree tenure rights 

were restituted to them in a similar RPG exercise (Garcia et al., 2013). The difference in 

preference could occur from the presence of a financial incentive in the current research that 

was not present in the Kodagu exercise. Farmers may consider this additional financial benefit 

as a form of insurance against the controversial legislation. A financial incentive to tree 

planting means that even if timber rights are subsequently withdrawn some financial benefit 

has been obtained. Alternatively the differences observed in the Nilgiris might be the result of 

strategic responses, or social desirability bias, whereby responses may be influenced by the 

desire to conform to social norms and be viewed favourably by others (Fisher, 1993, Carson 

and Groves, 2007).  

 

The amount of land under enrolment was another important difference that was observed 

between the interventions. Although the number of enrollers under Wildflower Meadows 

(Scheme A) is similar to that of Tree Intercropping (Scheme C) farmers, more land is being 

enrolled in the latter intervention. There are two reasons for this emergent process. First, 

farmers own a larger area of tea land compared to vegetable land; as a result more tea land is 

enrolled in Tree Intercropping (Scheme C). Secondly, it was observed that tea growers enrol 

up to 100% of their land in the interventions, while no more than 30% is enrolled under 

Wildflower Meadows (Scheme A). Given that agriculture is more profitable than tea and that 

the incentive of the two interventions is the same it may be that vegetable growers have more 

economic advantages in retaining land in agriculture. For them the intervention is more a 

form of income diversification, while for tea growers it is a much-needed protection from an 

unprofitable crop.  

 

Finally, it was observed that most of the farmers enrolled in one intervention, whereas a small 

proportion enrolled in two or more interventions. In reality it is expected that an even smaller 

proportion of farmers would adopt more than one intervention, as shown by the in-depth 
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household survey, because farmers have strong farm management practices preferences (see 

Section 4.3.7.4).  

 

6.4.2.2 Land.use.change.

The RPG provided insightful information about how farmers manage their farms, which was 

not picked up in the household survey. For example, all the land conversions recorded in the 

household survey were from forestland or agricultural land to tea. During the RPG 

conversions manifested only in the opposite direction, showing that tea cultivation might have 

reached a tipping point triggered by the tea crisis. In real life conversion is expected to happen 

at a slower rate than it occurred in the RPG because of the terrain limitations, the limited 

availability of start up funds and the ease of management on plantations compared to 

vegetable land, which makes it less desirable for farmers to convert. The rate of conversion in 

reality is also likely to decelerate with the introduction of the interventions, as the RPG has 

shown (see Figure 6.11). This means that the interventions play an important role in land use 

decision-making locally.  

6.4.2.3 Environmental.changes.

As a result of enrollment a combination of biodiversity-friendly farming and land set aside for 

conservation is observed in the landscape. From a biodiversity perspective both strategies are 

important locally. A number of wild species that otherwise reside within continuous forested 

areas frequently occur in plantation landscapes while foraging for resources, e.g. wild bees 

(Apis and Trigona) (Ghazoul, 2007), or to disperse between patches of suitable habitat e.g. 

wild elephants (Elephas maximus) (Kumar et al., 2010) and lion-tailed macaque (Macaca 

silenus) (Singh et al., 2002). The plantations landscapes also support viable populations of 

many generalist species (Bali et al., 2007, Karanth et al., 2016). Although important, this 

biodiversity-friendly landscape cannot sustain, by itself, many components of biodiversity in 

the long term. Protecting or restoring grassland and forest fragments will not only secure the 

ability to conserve biodiversity, but also enhance the effectiveness of biodiversity-friendly 

farming practices (Anand et al., 2010, Bunyan et al., 2012). It has been argued that in more 

complex and heterogeneous landscapes, where the characteristics of the broader landscape 

(particularly the size and configuration of remnant forests) strongly influence biodiversity, 

prioritizing the restoration and conservation of these habitats by setting them aside from 

human use is likely to be the most effective conservation strategy (Bennett et al., 2006). Due 
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to large research biases in the taxonomic and land-use literature in the Western Ghats 

landscape, few multi-taxa or multi-land use comparisons are available meaning there is still 

much to be understood with regard to landscape structure and composition that favour 

biodiversity within these landscapes (Anand et al., 2010).  

 

Observations regarding the connectivity of the landscape were another important outcome of 

the RPG. Overall the areas designated for biodiversity purposes only, accounted for 18% of 

the total land use, with most being land spared for wildflower meadows. One village managed 

to connect these assemblages on 35% of its land use and land cover, showing that there is 

potential for achieving the desired outcomes of the proposed interventions. 

6.4.2.4 .Production.and.size.of.compensation.

A 10% increase in production on the farms that enrolled in the two sparing interventions 

(Schemes A and B) can be observed on more than half of the farms. The cumulative cost of 

compensations for the land spared for conservation under the interventions over 5 years rose 

to almost 4 mil INR (approximately $60,000). Given the price of land, if the policy maker had 

decided to buy the land for conservation purposes instead, it would be the equivalent of 

paying for 274 years of compensations.  

The stakeholders proposed to have the Agency as a land buyer in the ABM to observe the 

extent to which the Agency could bring land into conservation and at what cost. This will 

enable more precise comparisons regarding whether the adoption of interventions or the 

Agency buying land into conservation would be more cost-effective for biodiversity 

conservation. 

In the case of Tree Intercropping (Scheme C) farmers were paid to compensate the reduction 

in production on the farm. In the ABM where the results are scaled up it will be important to 

observe how the total production in the landscape, resulting from the three interventions, is 

affected, and how in return it affects the food security of the households.  

6.4.2.5 Economic.changes.

The economic processes that manifested in the RPG or were discussed during the debriefings 

fitted the expectations of real life. For example it was observed that loans are a central feature 

in the Nilgiris landscape and households rely on credits to cover not only costs with education 

or investments but also years when there was a loss from agriculture. A practice that has long 

been acknowledged among Indian farmers (Narayanamoorthy, 2006). Unfortunately the 
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magnitude of this phenomenon was not investigated in the in-depth survey and is seen as a 

limitation of this study. Furthermore, financial shortages or aspirations for higher standards of 

living in larger cities pushed about a third of the farmers to consider land abandonment in the 

game. 

6.4.2.6 Food.security.

The introduction of schemes did not produce a change in the food strategy employed by the 

household. This was unexpected given that in the landscape households have different levels 

of food security (see Section 5.4). It is believed that under the current RPG design the game 

could not capture this heterogeneity because it did not provide sufficient incentives or 

constraints that would motivate farmers to change their food security strategy. A future design 

of the RPG could consider providing ‘status’ rewards, by which a household could be 

identified as belonging to a low, medium or high level of food security or economic wealth 

group. This could make farmers more competitive and willing to change between groups. A 

similar approach was implemented successfully with the farmers from the nearby coffee 

estates of Kodagu (Garcia et al., 2013).  

6.4.2.7 Decision4making.processes.on.the.farm.

The decision-making processes around farm practices demonstrate that farmers are not always 

acting as utility-driven users (homo economicus). For example, most of the farmers chose a 

diversity of crops over profitability. Some farmers decided to cultivate for two agricultural 

seasons while others cultivated food crops for three seasons, giving the potential to increase 

their income under favourable climate conditions. Furthermore, in selecting what 

interventions to adopt on their lands farmers considered their compatibility with their current 

farming practices more than the monetary returns from adoption.  

Thus, in considering the representation of decision-making process that occur in the Nilgiris 

landscape there is value to move beyond the rational choice theory and integrate in the agent-

based simulations other models of human behaviours that are better adapted to local context. 

Details about the theories and choices that were found relevant for Nilgiris model are 

discussed in the next Chapter (Section 7.2). 

6.5 Limitations 
Through the design and implementation of the RPG process, several limitations are apparent. 

Firstly, understanding farmers’ decision-making processes could be improved if more 

workshops are conducted in the study area and if the transition between the spending on 
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different cost groups (food, education, household maintenance and farming) could be 

observed under a better design of the RPG that will stimulate farmers to produce these 

changes.   

Secondly, a better understanding of the financial balance a household is initialised with would 

also add a valuable dimension to the RPG, given the extensive reliance of the Nilgiris farmers 

on financial support, primarily in the form of loans.  

 

6.6 Conclusions 
The results presented in this chapter show the importance of engaging local stakeholders to 

determine plausible land use mechanisms that aim to reconcile food production with 

biodiversity conservation. While stakeholders agreed on interventions that resemble forms of 

LS/LS strategies proposed in the literature, the stakeholders aided the formulation of policies 

that are better adapted to the local social-cultural, environmental and economic context. This 

was reflected in the high level of enrolment and the heterogeneity of preferences for the 

interventions. The value of stakeholders’ engagement stems also from proposing innovative 

hybridized mechanisms, which evolve over time and could increase conservation and 

production efficiency in the long term. Combining findings of participatory research with 

insights from scientific literature to produce new and more locally relevant interventions 

demonstrates the utility of translating such an approach in other landscapes where policies are 

promoted.  

The land use policies proposed transcend the simple yield-biodiversity evaluation by 

incorporating stakeholders’ objectives and socioeconomic evaluations. By doing so this 

allowed for an important observation to be made, with implications for any landscapes that 

advance sharing-sparing policies. For interventions to be more lucrative accepting sub optimal 

gains in biodiversity or yield may lead to better outcomes than promoting a theoretically 

superior but locally inferior mechanism design. 
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PART IV 
 

Agent-based simulation model development and 
outcomes 

 
Diagram 1 Summary of research highlighting the questions addressed in Part IV-ABM development and outcomes.  
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Part II (Chapter 4 and 5) offered insight into the socioeconomic characteristics, land use 

profile and land use enrolment motivations of the communities under study through in-depth 

household survey and focus group data. Using a RPG, Part III (Chapter 6) further investigated 

farmers’ land use decision-making processes, livelihood strategies and the characteristics of 

their enrolment in hypothetical agricultural and conservation land use interventions.  

Part IV uses the findings of the previous chapters to simulate household decision-making in 

the Nilgiris agricultural system using a spatially explicit ABM, called the Policy Land Use 

Socio-Economic Simulation System (PLUSES).  

This part of the thesis is divided in three chapters (Diagram 1). Chapter 7 introduces PLUSES 

using the Overview, Design concepts, and Details + Decision protocol (ODD + D), a standard 

protocol for describing agent-based simulations in a transparent manner that allows for 

reproducibility and facilitates the communication of the model and its results (Polhill et al., 

2008b, Grimm et al., 2010, Müller et al., 2013). Chapter 7 concludes with a comparison of the 

model with eleven other land use decision-making simulators. Chapter 8 uses PLUSES to test 

the social acceptability (uptake) of different agro-ecological policy interventions by direct 

land users and Chapter 9 looks at the socioeconomic and environmental implications of 

adoption. 

Part IV completes the last loop of the ComMod process. 
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Chapter 7 
 

The development of an ABM for evaluating the 
socioeconomic and environmental implications of land 

use interventions 
*

7 *

7.1 Introduction 
The relevance of the LS/LS framework to real life is dependent on the social acceptability 

(uptake) of these interventions to direct land users and the environmental and socioeconomic 

implications (e.g. food security or livelihoods) of the two contrasting strategies (Fischer et al., 

2014). Without understanding direct land users choices and the potential implications of their 

choices, proponents of the framework risk an incomplete picture that is not grounded in local 

realities and can paradoxically force into opposition the very conservation and development 

interests they seek to reconcile (Kremen, 2015, Bennett, 2017). 

Simulating land users preferences can aid our understanding of the feasibility of such land use 

policies on the ground prior to their implementation. In the context of LS/LS, where research 

recommendations are yet to be translated into policy (Mertz and Mertens, 2017) and where 

there is little evidence of the social feasibility of these interventions (e.g. Jóhannesdóttir et al., 

2017), engaging a land use decision-making simulation model could provide much needed 

insight. For example, testing proposed policies ex ante can elucidate how direct land users 

respond to such LS/LS policies, providing evidence to better inform the design of appropriate 

policies or interventions. Additionally ABM can provide insights into how a proposed policy 

design might translate to a novel context and how the socioeconomic and environmental 

implications of such policies manifest in the long term (e.g. Lee et al., 2014). 

Agent-based land use simulation models have become important and powerful tools for 

assessing the uptake and impact of new policies on agricultural systems and the environment. 

This is because they allow for human decision-making to be represented in a flexible and 

context-dependent way (An, 2012). Land use systems behave as complex adaptive systems 

(Rindfuss et al., 2008) and few tools are better equipped than ABMs to simultaneously 

address aspects such as the heterogeneity among individuals and their interactions. ABMs can 

also represent the uncertainty of, and within, human behaviour whilst including structurally 
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rich, dynamic, and diverse representations of social or ecological environments (Nolan et al., 

2009, Milner-Gulland, 2012). When testing new policies, land use simulation models can help 

uncover potentially unanticipated adaptive system responses that a policy or intervention 

might trigger. It can help scientists and policy makers understand the implications 

heterogeneity (across individuals, contexts, or time) may have on a policy in the longer term 

or in contexts differing from those for which empirical evidence is available (Hammond, 

2015). 

 

Modelling!farmers’!decisionJmaking!!

The application of agent-based simulation to modelling farmers’ land use decision making in 

the context of agricultural policy is a relatively new but increasingly implemented 

methodology (e.g. AgriPoliS model developed by Happe et al., 2006,  SimKat by Asseng et 

al., 2010, Abstract by van Oel et al., 2010,  FEARLUS by Polhill et al., 2008 and Gotts and 

Polhill, 2010). While these models respond to different research needs, there is a lot of 

overlap in the decision-making processes they utilise. The models in the literature that are 

most closely related to the context of the current research, and could allow for the testing of 

policies similar to LS/LS are AgriPoliS (Happe et al., 2006) and LUDAS (Le et al., 2010). 

These are both sophisticated agent-based approaches to rural economics problems that allow 

farmer agents to make changes to their farms in response to shifts in agricultural and 

environmental policies. AgriPoliS was developed for the European farming context and the 

decision-making mechanism of farmers is dictated by economic factors. LUDAS was 

developed to find policy solutions for satisfying multi-stakeholders interests around natural 

resource use, namely a water catchment in Vietnam. The land users’ decision-making process 

within LUDAS is informed by economic factors, social influence and the accessibility of 

resources.  

Both models lack the capacity to simulate several of the human-decision making and 

contextual features that characterize the Nilgiris agricultural landscape and that are important 

for testing the LS/LS policies proposed by local stakeholders. Production in the Nilgiris is 

influenced by climatic variability and farmers base their land use decisions on financial profit 

and loss history. Selling land compensates for financial losses. Chapter 4 also indicates that 

policy enrolment can occur as a result of pro-environmental motivations and is conditioned by 

the type of farming practices adopted on the farms. A model of the Nilgiris that can simulate 

LS/LS policy must therefore incorporate the sale of land to cover financial needs, as well as 
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the link between climate and productivity and account for the role of environmental 

motivations in determining land users’ policy choices.  

This chapter therefore describes the development of a land use decision-making simulator 

(PLUSES) that fills this research gap. PLUSES represents one of the first agent-based 

decision-making simulators based on empirical research in the Indian subcontinent (see 

review on land use simulators by Groeneveld et al., 2017). 

Additionally, in this chapter I aim to position PLUSES in the recent literature on simulation 

models of land use change in agriculture by comparing it with eleven other land use 

simulators developed for testing policies in agricultural systems (e.g. AgriPoliS, LUDAS or 

FEARLUS).  

 

7.2 Conceptual framework: integrating theories of decision-making 

into ABM 
Within the last decade, a large number of agent-based land use models, which represent 

human decision-making, have been published. The majority of these models are not explicitly 

based on human decision-making theory and they often come along with a plethora of 

independent ad hoc assumptions of the decision process (Crooks et al., 2008, Groeneveld et 

al., 2017). Adequately representing human decision-making is not only an academic issue but 

also imperative for models in order to ensure reliable policy recommendations and avoid 

unintended consequences (Milner-Gulland, 2012, World Bank, 2014). Calls have been made 

for modellers to follow frameworks that better guide the choice of decision-making models 

(Groeneveld et al., 2017). These frameworks however are only just emerging (e.g. Balke and 

Gilbert, 2014, Schlüter et al., 2017).  

To translate human behaviour observed in the Nilgiris into a formal model this research 

makes use of the most recent and overarching framework currently available, Modelling 

Human Behaviour or the MoHub framework (Schlüter et al., 2017). MoHub facilitates a 

broader inclusion of theories on human decision-making in human-environmental models 

drawing from the field of economics, biology, psychology and other social sciences. It is 

acknowledged that any chosen theory is unlikely to completely specify all aspects of human 

decision-making, hence models are likely to require additional assumptions (Schlüter et al., 

2017).   
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The decision-making processes documented in the Nilgiris best align with bounded rationality 

theory that draws from two disciplines, psychology and economics (Simon, 1956). Bounded 

rationality assumes that agents have incomplete or uncertain information about the world. 

Their behaviour choice can be realized through maximizing utility, reaching an aspiration 

level or following a heuristic (Gigerenzer and Selten, 2001). This theory emerged in response 

to rational choice theory, the most prominent and commonly modelled economic theory of 

human decision-making (Bernoulli, 1954, Machina, 2008). Rational decision-making in 

neoclassical economic theory assumes that actors have perfect and complete knowledge and 

unlimited computational processing powers and they choose the option that promises the 

highest expected utility. But these assumptions have been widely challenged leading to the 

concept of bounded rationality (Simon, 1956). This decision-making theory has been 

successfully implemented in ABMs (e.g. Bell, 2011, Polhill et al., 2013). 

As bounded rational agents, the Nilgiris farmers have limited information and knowledge of 

their environment and use heuristics to guide their decision-making choices. The heuristics 

have been drawn from the in-depth household survey and RPG data.  

7.3 Data and Methodology 
The overarching methodology of this chapter follows the ComMod approach detailed in 

Section 3.3. The ABM is developed using data from both of the previous ComMod loops in 

the form of input parameters, statistical distributions, probability rules as well as data on 

decision-making processes and derived algorithms. The sources of these data were:  

i) Primary data from the Badaga in-depth household survey (n=265) on the 

socioeconomic, land use characteristic of the farmsteads and landless households and 

the different typologies of enrollers derived from their motivation to join schemes (see 

Sections 4.3.1 and 4.3.7); 

 ii) Secondary data on land use and land cover of the study area from Lakshumanan et 

al. (2012) that used cloud free Landsat-MSS, Landsat-TM and IRS-P6- LISS III 

satellite imageries for year 2009. Towards the end of this study more recent maps 

from the year 2016 have become available (Mamtha et al. 2016), but due to time 

constraints they were not incorporated in the last version of the ABM; 

iii) Primary data on farmers’ land use decision-making processes, livelihood strategies 

and characteristics of enrolment in hypothetical agricultural and conservation land use 

interventions derived from the RPG results (see Sections 6.3.1.3, 6.3.2.1, 6.3.2.5 and 

6.3.2.6).  
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The model was coded in specialised software by a professional computer modeller based on 

the processes and data I provided. 

 

The methodology used in the development and description of the ABM follows a step wise 

approach (Table 7.1) based on standard protocols and recommendations in the field that draw 

from the work of Grimm et al. (2010), Müller et al. (2013) and Macal (2016).  

 
 Table 7.1 Data, methodology and methods used in developing PLUSES 

Phase/Aim Type of data/Methodology/Method of collection/Description 
Phase 1. Overview, Design concepts and Details + Decision Making 
 
Describes how the ABM 
operates by providing 
information on: agent attributes, 
the environment in which agents 
evolve and the behaviour of 
agents in response to the 
environment or agent 
interaction. 
 

The description of PLUSES is done using the Overview, Design 
concepts, and Details + Decision protocol (ODD +D, Müller et al., 
2013). The protocol is an extension of the ODD protocol developed 
by Grimm et al. (2010), to include the description of decision-
making processes. Both of the protocols facilitate the 
standardization of ABM descriptions and have been positively 
regarded and embraced by the scientific community.  

Phase 2. Experimental design  
 
Identifies the most productive 
and accurate methods for  
a. simulation run length 
b. model replication 
 

a. Simulation run length is established based on stakeholders’ 
interest and recommendation. 
b. Model replication is established based on the minimum number 
of replication that produced statistically reliable results. 

Phase 3. Validation and Verification 
 
Conceptual Model Validation  

 
Determines if the conceptual model reflects the aspects of the 
problem defined. 
 

Data Validity  
 

Determines if the data used to build, evaluate and test the system 
are correct and adequate. 
 

Operation Validity  Determines if the operations and the results of the final software are 
consistent with the real system and sufficient accuracy for the 
model’s intended purpose. 
 

Computerized Model 
Verification  

Determines if the programmed model accurately reflects the 
conceptual model. 

 

 

The next sections present the three phases of PLUSES development (Sections 7.4-7.6) 
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7.4 Phase 1. Overview, Design Concepts and Details 
PLUSES description follows the ODD+D iteration (Table 7.2).  
Table 7.2 ODD +D protocol adapted from Grimm et al. (2010) and Müller et al. (2013). In italics are marked the processes 
that are not detailed in this study. They are either not relevant for the description of PLUSES model or have been already 
addressed in a different process of the protocol. With * are marked the processes detailed in Appendix 7.1    

Structural elements  

Overview 

1. Purpose ! 
2. Entities, state variables, and scales  
3. Process overview and scheduling  

Design concepts 

4. Design concepts 
• Theoretical and empirical background 
• Individual decision-making 
• Basic principles (addressed in Theoretical and empirical background) 
• Emergence "*  
• Adaptation * 
• Objectives * 
• Learning (Not Applicable) 
• Individual prediction * 
• Sensing (addressed in Individual decision-making) 
• Interaction  
• Stochasticity * 
• Heterogeneity * 
• Collectives ! * 
• Observation (Not Applicable) 

Details 

5. Implementation details * 
6. Initialization 
7. Input data * 
8. Sub-models * 

 

 

The full description of the model is presented in Appendix 7.1. Here I present a brief 

overview of how PLUSES operates.  

7.4.1 Purpose**
PLUSES is a land use decision-making ABM. 

The purpose of the ABM is to understand:  

i) If LS/LS policy interventions, proposed by local stakeholder groups, are adopted by 

direct land users, the Nilgiris farmers.  



 235 

ii) What the impacts are of adopting (by direct land users) the three interventions, on 

local biodiversity, food production, food security and the livelihoods of a 

heterogeneous population of farm households.  

PLUSES employs a scenario-based analysis to explore the impact of these changes. Agents 

represent households and their behavioural decision-making process is based on simple 

heuristics. Agents are assigned rules that have been derived from empirical data or 

observations from the RPG and household surveys collected during fieldwork. The model was 

developed independently from the local stakeholders, however questions raised during the 

modelling process were clarified with stakeholders where possible. Agent decisions depend 

on their land and financial assets, their priorities in satisfying different household needs, their 

interest in policy interventions, as well as on the decisions of other agents.  

7.4.2 Entities,*state*variables*and*scales**
Within the agent-based component the ABM has three hierarchical levels: 

• Agents represent households, with as many agents modelled, as there are farm 

households in the six Badaga villages surveyed (n=1057). State variables of the agents 

include the location of the agents’ farmsteads, farm size by land use, household 

composition and certain agent characteristics that define the policy enrolment profile 

(Figure!7.1). The farmers have a livelihood profile and strategy that is dependent on the 

available on-farm and off-farm income, the size of spending on farming activities, food 

and other maintenance and education costs and the order of priorities in satisfying 

household needs. The households can be landless or own vegetable or tea land, 

intercropped with trees or not. When the land use policies are introduced farmers can 

also own forest patches and wildflower meadows.  

• Population clusters are groups of agents that belong to the same village, used for the 

initialization of the agent model component. !PLUSES simulates six population clusters 

the equivalent of the six Badaga villages surveyed in the study area.  

•  Populations reflect social communication boundaries. Agents interact with other agents 

in the same population or with agents that are in close proximity but belong to other 

population clusters. 

 

Within the cellular component, the environment is formed of patches. These patches represent 

the smallest landscape unit. Multiple patches can represent larger fields. State variables 

depend on the spatial and biophysical data available. PLUSES patch size was set at 1/10 of an 
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acre (0.040 hectares), the smallest tradable unit in the landscape. The environment is formed 

of 501 X 501 patches or approximately 10 X 10 km and includes spatially explicit data on 

land use and land cover, slope, roads and village boundaries (Figure 7.2). The patches 

represent agricultural/vegetable land, tea plantations, forestland or rocky land and when the 

schemes are introduced there is a new land use, wildflower meadows. The farmers can only 

change the land use of tea and vegetable land and of the patches that have been enrolled in 

different schemes.  

 

In other applications, the ABM can be parameterized at various spatial scales, ranging from a 

village community to a large region within a country, depending on model purpose and data 

availability.  
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Figure 7.2 NetLogo representation of the land use and land cover map of the 10 X 10 km area selected (top maps) and the 
roads intersecting the six villages under study (bottom map).  
Land use and land cover: forest (dark green), tea (light green), agriculture (yellow) rocky land and other land use cover 
(grey). The villages represented are: Sundatty (SUN), Nedugula (NED), Kercombai (KER), Milidhen (MIL), Kaggula (KAG) 
and Denadu (DEN). 

MIL 
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7.4.3 Process+overview+and+scheduling+
The ABM proceeds in annual time steps. Within each time step, the agent decision module 

goes through 5 phases: policy enrolment procedure, spending decisions based on profit or loss 

history, budget planning, production and balance decisions (Figure 7.3).  Four of the phases 

are agent decision modules and Production is classified as biophysical. While Production 

dose not represent a biophysical module in its true sense, as no direct modelling of ecological 

processes occurs, production is however influenced by environmental and climatic factors 

such as soil fertility and rainfall, which are reflected in variability across farms. The 

scheduling phases have associated sub-models (Figure 7.3) described in detail in Appendix 

7.1.  

   
Figure 7.3 Agent-Based Model process overview and scheduling  

 

Policy enrolment. In this module agro-environmental schemes that resemble LS/LS 

interventions on the farm are introduced in the system. Two of the schemes, Wildflower 

Meadows (Scheme A) and Forest Plantations (Scheme B), incentivise farmers to set aside 

land on the farm for wildflower meadows or tree plantations respectively while increasing 

production on the rest of the farm. The third scheme, Tree Intercropping (Scheme C), 

incentivises farmers to intercrop more trees on the farm (Table 7.3). As part of the enrolment 

process in Forest Plantations and Tree Intercropping farmers have to cultivate trees on the 
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farm. Farmers are encouraged to grow native trees, however due to past tree rights 

controversies cultivation of exotic trees is also permitted. It is believed this way, more farmers 

will be attracted in the schemes and in a later stage of policy exotic tree cultivation can be 

phased out gradually. More information on scheme selection and specification are provided in 

Section 6.3.1.3. 

 
Table 7.3 Terms and conditions of scheme enrolment used in the ABM based on the role-playing game  

Schemes Condition of enrolment 
 

Effects of enrollment 
Financial  
Incentive 

Scheme A 
Wildflower 
Meadows 

Own tea or vegetable 
land 

-Land set aside for wildflower 
meadows on the farm 
-10% increase in yield on the 
rest of the farm 

50,000 Rupees ($770) per 
acre of wildflower 
meadows set aside per year  

Scheme B 
Forest 
Plantations 

Own tea or vegetable 
land; Allow trees on 
farms 

-Land set aside for forest 
plantations on the farm (200 
trees/acre planted) 
-Choice between jungle wood or 
exotic species 
-10% increase in yield on the 
rest of the farm 

65,000 Rupees ($1000) per 
acre of tree plantations set 
aside per year 

Scheme C 
Tree 
Intercropping 

Own tea land; Allow 
trees on farm 

-Trees intercropped on the farm  
(100 trees/acre planted) 
-Choice between jungle wood or 
exotic species 
-10% decrease in production on 
the farm as a result of reduction 
in area under harvest  

50,000 Rupees ($770) per 
acre of intercropped land 
per year 

 

Before the next module, the model updates the household income and total balance based on 

the actual income from the farm and the off-farm revenue. The off-farm revenue is initialised 

at the beginning of the model for each individual household based on the household survey 

data and then held constant. 

 

• Profit or loss history decisions. Consecutive years of profit means households will 

increase their spending with farming/food/other maintenance cost in the next year, 

whereas consecutive years of loss will attract the reverse action, decrease expenditure. 

The order in which the costs are increased/decreased is specific to each household and 

is determined by their priority in satisfying the household needs. 
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• Budget planning refers to household’s decisions regarding how to allocate its available 

financial resources to meet farming costs (tea and agriculture), food and other 

household maintenance costs.  

• Production. There are two production functions, one for tea and one for agriculture and 

they are both calculated in monetary terms using Cobb-Douglas function based on land 

size and the size of investment in farming (labour, fertilizers, pesticides, seeds, 

transportation, irrigation, preparing the land; Equation) 7.1). The functions have been 

estimated based on data from the in-depth household survey. In the ABM at every time 

step the production is calculated for each individual farmstead.  

 

Other alternative functions have been tested, such as cost-benefit evaluation or stepwise 

regression in R (R Core Team, 2016, Version 0.98.953) using explanatory variables ranging 

from land size, labour input, fertilizers inputs by type to number of tea plants and number of 

trees intercropped. However, none of the functions had a good statistical fit (R2 < 0.16). 

Cobb-Douglas function was by far the most adequate model choice and recent studies have 

successfully implemented it as a production model in India (e.g. Singh et al., 2017).  

)
!"#$%&!!"#$%&'(#)! = !!!"#$%&$'# ∗ !!"#!!"#!!∗!"#$%&'( !∗ !!"#!(!!!"#!!)∗!"#$%&'()

∗ !!!"#$% !; !!"#$%!~!!"#$%&(!"#$, !"#$%))
 

Tea: Intercept = 5.96, Gradient = 0.93, alpha = 0.5, Noise mean= 0, Noise StDev= 0.3. 

Vegetable: Intercept = 6.00, Gradient = 0.79, alpha = 0.3, Noise mean= 0, Noise StDev= 0.35. 

 

Equation 7.1 Income from production for tea and vegetable expressed as a Cobb-Douglass function of land and cost. 

 

Estimating the Cobb-Douglas production function:  

• Calculate the natural logarithm (ln) of income, land and cost 

• Construct a weighted sum of explanatory variables ln(Land) and ln(Cost) named alpha 

and (1-alpha) 

• Use alpha and (1-aplha) as independent variables in an ordinary least squares (OLS) 

regression model with ln(Income) as the response variable  

• Use Solver to find the value of the weight alpha that maximises the coefficient of 

determination (R2) and plot the distribution of residuals  
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• Explore other values of alpha to observe how sensitive the Cobb-Douglass function and 

the residual distribution are to this 

• To simulate production function, given parameters from fitted models, and values for 

agent's Land and Cost, the value for the residual noise was sampled from a normal 

distribution (Noise~Norm(0, 0.3) for tea and Norm(0, 0.35) for agriculture). The noise 

expresses the differences in production on each farm as a result of variation in 

productivity of land, slope, climatic conditions and market price variability.   

 

For the tea production function (Figure 7.4) a value of alpha = 0.5 maximized R2 and 

generated an approximately normal distribution of residuals (Figure 7.5). The gradient of 0.93 

indicates decreasing return to scale (when inputs double, production output will be less than 

double).   

 
 

 
Figure 7.4 Estimated Cobb-Douglas function for tea yield (expressed in monetary terms) based on land size and size of 

investment in farming. 
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Figure 7.5 Histogram of tea production function residuals with normal probability density function fitted. 

 

For the agricultural production function the value of alpha = 0 maximized R2, which would 

imply ln(Land) was not a factor. Values of alpha = 0.3 produced values of R2 nearly as good 

as alpha = 0 (0.68 versus 0.71), but the distribution of residuals was closer to normal (Figure 

7.6). An agricultural function with alpha = 0.3 was therefore selected (Figure 7.7). Similarly 

to tea, the agricultural production function gradient of 0.79 indicates decreasing return to 

scale. 

 

 
Figure 7.6 Estimated Cobb-Douglas function for vegetable yield (expressed in monetary terms) based on land size and size 
of investment in farming.   
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Figure 7.7 Histogram of agricultural production function residuals with normal probability density function fitted. 

Unlike the RPG where farmers have a choice between growing different vegetable crops, the 

ABM uses an aggregated model to represent a mix of choices. Those growing vegetables will 

retain 10% of production for their own household consumption, based on average results of 

the household survey of Badaga communities.  

• Balance decisions represent the last phase. The decisions influence agents’ livelihood 

strategies. Agents with a positive balance can convert land to a more profitable land use 

or acquire more land. If the balance is negative the household will have to take some 

actions to cover its debt.  

 

After completing the phases the ABM calculates the agents’ household revenue. Part of the 

revenue is consumed or used to repay debts, and the remainder is added to savings that can be 

used for livelihoods and land use decision-making module in the next year. 

 

At each time step two other processes occur in the model:  

i) The age of trees on the farms is updated  

ii) The land that became available for sale on the market and hasn’t been bought by 

farmers could be acquired by the Agency and converted to forestland. The agency’s 

decision to buy the land is based on a chance probability set by the user. Buying one 

acre of land and putting it into conservation is paying for the equivalent of 20 years of 

compensations (excludes management and protection costs). This represents a more 

cost-effective alternative on the long term and complements conservation on the farms.  
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7.4.4 Design+concepts++

7.4.4.1 Theoretical/and/empirical/background/

The theoretical and empirical backgrounds have been detailed in this chapter in Sections 7.1 

and 7.2. 

7.4.4.2 Individual/decision<making//

At the core of the ABM are sub-models that simulate the decision-making of individual 

households. The sub-models are detailed in Appendix 7.1. Here I introduce a brief overview 

and a graphical representation of PLUSES decision-making (Figure 7.8) with the policy 

enrolment module detailed separately (Figure 7.9).   
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Agents’ decision-making strategy is informed by financial, farming and scheme enrolment 

processes based on heuristics derived from the in-depth household survey or the RPG. All 

agents that own land follow the same decision sequence and go through the five scheduling 

phases (Figure 7.8). Landless households will omit the policy enrolment phase until they 

acquire land.  

Farmers are aware of what is occurring on their property, how much land they have, crop 

profitability and how their land is distributed into land-use classes. Agents have incomplete 

information about their environment and they exchange information about farm profitability 

and scheme enrolment through their social network formed of neighbouring farms.  
Scheme enrolment follows a stepwise process (Figure 7.9). First, agents’ decision to enrol in 

the schemes reflects pro-environmental motivations, followed by financial motivation. Only 

when agents in this higher segment of enrolment have adopted, does the scheme become of 

interest to the agents in the lower segment. This stage includes a frequency-dependent 

contagion effect resulted from agents position and size of their social network and the size of 

the social influence threshold. The more agents join the schemes the more it is likely that 

other agents will learn about the effect of the schemes from their social network and reflect on 

enrolment. If the number of members from the social network is higher than a pre set social 

influence threshold (see details in Table 7.4), the agent will decide to enrol. Unlike the higher 

segment most of the agents in this lower segment are primarily motivated by social norms, 

whereby a farmer will enrol in scheme if their neighbours have already done so.  

Regardless of the path of enrolment followed, all agents have to go through a condition check 

that will filter agents to the scheme that best meets their interest. The conditions look at the 

following factors: the type of land use, farmers’ willingness to have trees on their land and the 

type of farming management accepted on the farm, which refers to the preference between 

integration or separation of production from nature on individuals farms. There is one more 

condition that applies only to those agents that are financially motivated and it refers to the 

size of the compensation. If the scheme incentive is more profitable than the return from 

agriculture, the agent is motivated to enrol.  

All these preferences are mutually exclusive and as a result farmers will not leave to chance 

the decision of enrolling in one scheme or another. They will be guided by their choices to the 

scheme that best satisfies their preferences.   
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7.4.4.3 Objectives..

Households may differ in certain attitudes relevant to the schemes, and in which spending 

budgets are prioritised. However, agents’ objectives are not explicitly represented in the 

model. The decision processes imply that agents are motivated by profits (and negatively 

motivated by losses) and the return on investment on land. Additionally agents aim to 

improve their livelihoods by increasing their spending and not allowing a too greater gap 

between the socioeconomic identities implied by their respective levels of spending with 

farming, food and other household costs. Decisions about land conversions or transactions are 

motivated by long-term benefits or urgent financial obligations, whereas financial decisions 

influenced by livelihood strategies are optimized using short-term interests.  
Agents are also obliged to clear debt when it has been rolled over three years in succession. 

These influences are common to all households. Agents that cannot repay the debt and cannot 

meet a minimum cost of living for multiple years are forced to abandon their livelihoods and 

migrate out of the landscape.  

7.4.4.4 Interactions.

 

Agent&agent(interaction((

Interactions between agents occur in three instances: during land transactions on local land 

markets, by sharing information on land use profitability and through scheme diffusion.  

Land transactions occur between agents belonging to the same village. The ABM has an 

internal mechanism that connects the supply and demand in each village. Land that is not 

transacted remains temporarily on the market until buyers and sellers are paired. When the 

Agency is operating in the landscape it will buy the land that has not been transacted. The 

land will be used for conservation purposes.   

Two further interactions occur within social networks and relate to agents’ decisions 

regarding land use conversions and scheme adoption. Agents will gather information about 

their neighbours’ return on investment from different land use practices in order to make more 

informed and profitable decisions about their land use strategy.  

In a similar manner farmers that are reluctant to enrol in schemes benefit from the experiences 

of their neighbours before reaching a conclusion. Agent interactions in scheme enrolment 

diffusion were implemented as frequency-dependent contagion effect; thus the more 

neighbouring agents adopt a scheme, the more it becomes accessible to others.  

Agent&environment(interaction((
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The bidirectional interaction results from agents’ direct impact on environmental dynamics 

through choice of crops, tree cultivation, logging strategy, investment in farming and scheme 

enrolment.  

The total production influences farmers’ crop choice, farming investment and for a category 

of agents the decision to enrol in the schemes available in the landscape. 

Enrolling in schemes brings additional income to farmers, but places constraints on what 

agents can do with the land.  

The sale of land also provides additional income for farmers. If bought by the Agency the 

land is converted to forest and taken out of production. 

7.4.5 Initialization--
There is a suite of parameters (Table 7.4) that were initialised using household survey data or 

the RPG outcomes. This section introduces the rationale behind the parameter initialization 

following their order in Table 7.4. Details about the functions used in the ABM to calculate 

the values of some of these parameters are presented in Section 7.4.3 and in Appendix 7.1   

Similar to the RPG, the farmers were initialised with no debt or savings due to a lack of 

financial data history. To understand how financial decisions might be affected sensitivity 

testing was performed on the initial household balance parameter. The outcomes and their 

implications are presented throughout Chapter 8 and 9. Ideally, the model would have 

included data about the financial history of each individual household. 
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Table 7.4 Baseline settings of the PLUSES parameters and the assumptions made in the simulation 

Parameters Baseline Explanation and assumptions made 
Miscellaneous  

 
Initial 

Household 
Balance 

(debt and saving 
from past years) 

0 

All households start with no debt or savings from precedent years 
because there is no financial history data available. Sensitivity 
testing was performed on this parameter to understand how 
financial decisions are affected by variation in initial budget. 

Initial Land 
Allocation Grow from centre The allocation of households in the landscape happens from the 

centre of the village end expands towards the boarders, at random. 

Yield calculation 
Cobb-Douglas, 
variation each 

household, each year 

The yield varies between each household each year to account for 
the production variability measured in the household survey.  

Schemes, Incentives and Regulation 
Enroll in 

Scheme A, B 
and C 

On Farmers can join any of the schemes 

Social Network 
Size 10 This value reflects the number of close contacts a farmer consults 

before taking a land use or scheme enrolment decision.  

Social Influence 
Threshold (SIT) 5 

Based on household survey data there are farmers that enrol in 
schemes only if members of their social network have already done 
so. This value represents the minimum number of members that 
have to enrol in any of the schemes before a farmer with a social 
network condition decides to join.  

Financial 
Incentive 
Schemes 

 

A, C: 5000;  
B: 6500 

(INR Per year per 
patch) 

See Table 7.3. 

Production-
Increase/Decreas

e 

Scheme A, B: +10 
%; Scheme C: -10% See Table 7.3. 

Bonus for 
neighbouring 

land 
On It applies when farmers enrol land together in Scheme A or B, on 

continuous areas 

Bonus Incentive 1000 INR per patch   
Minimum 
number of 
continuous 

patches to obtain 
bonus 

10  

Scheme Drop 
out chance 10% 

There is a 10% chance that a household would drop out from a 
scheme at the end of a year. This is to account for households that, 
due to a variety of possible reasons, no longer want to be part in the 
schemes or are unable to remain within the scheme. 

Scheme Exit 
Penalty 

5% income from 
scheme 

 
When farmers drop out of schemes they have to pay the equivalent 
of 5% of the total income made from schemes up to that point. 
 

Delay in re-
joining 5 years 

It is expected that farmers that recently dropped out of a scheme 
will have a delay before enrolling again if they meet the conditions 
of enrolment.  

Land use 
conversion  

 

Conversion of 
Agriculture to 
Tea and Tea to 

Agriculture 

On 

Farmers can convert land 
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Financial  
 

Profit-loss 
history length 5 years Farmers remember the profit and loss history of the past 5 years 

Number of years 
before increasing 

or decreasing 
spending budget 

2 years 

Increasing or decreasing the spending budget of a household comes 
only after 2 years of profit or loss respectively. The value of this 
parameter was chosen arbitrarily because there was no information 
available about the individual households.  

A. Positive 
balance  

 

Buy land On Farmers can buy land that becomes available on the market.  
Chance Agency 
buys left over 
unsold patches 

100% 
The environmental agency always buys land that remains available 
on the market at the end of the year.  

B. Negative 
balance  

 

Max Loan roll 
over 3 years Farmers that take loans have to repay them within a maximum 3 

years.  
Loan interest 

rate 5%  

Sell Timber On Farmers can sell timber on the market. 
Sell Land On Farmers can sell land on the market. 

Emigrate or 
Abandon land On The household is not part of the simulation anymore and the land 

becomes available on the market. 
 

At the beginning of the simulation, farmsteads were allocated land of the size and type they 

have declared in the household survey. In the absence of cadastral maps the lands were not 

given the exact geographical location, but were allocated at random, starting with the centre 

of the village and growing towards the administrative village boarders. This parameterization 

means that households are sharing new neighbours compared to real life. Given that 

neighbours influence each other’s choice of scheme enrollment and the size of land enrolled it 

was expected for the allocation to have an effect on the outcomes of these variables. 

Sensitivity testing showed that the effect is not statistically significant and that random 

allocation does not bias the results in favour of one scheme or the other; neither it changes the 

size of land enrolled in each intervention. Furthermore, PLUSES’ landscape was initiated by 

importing GIS-raster files of landscape variables that are either secondary data (land cover, 

roads and digital elevation model) or produced by separate spatial analysis (village boarders).  

The villages were initialised with agents from the household survey plus randomly sampled 

clones of the surveyed households to make the village population up to the known sizes 

following a similar methodology to LUDAS model (Le et al., 2010). The cloning was done at 

village level. By applying this method a heterogeneous population was created in the 

landscape with a close statistical fit to the surveyed population. 

At initialization farmers received a social identity and household profile that includes the size 

and type of land declared in the household survey within the boundaries of their own village. 
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Based on land use type, distance from the road and slope each owned patch receives a land 

market value. Owned patches also receive a number of trees that was declared by the farmers 

in the household survey.   

 

The yield functions for tea and vegetable crops were derived from the data obtained from the 

household survey. The functions are presented in Section 7.4.3. The yield is calculated yearly 

and it varies between each household each year.  

 

The Social Network Size was introduced in the ABM based on the behaviour observed during 

the RPG and the information obtained in the household survey. Some households consult 

their social network before they decide whether to enrol in an intervention or not. The Social 

Network Size of a household is likely to vary between different households. As there were no 

data collected on the Social Network Size of the individual household, the value was 

standardized across the entire population in order to avoid making further assumptions. 

Similarly to Social Network Size, the Social Influence Threshold value is likely to vary 

between different households. Again, as there was no individual household measure, the value 

was standardized across the entire population. Sensitivity testing was then performed to 

understand how changes in its value affect scheme enrollment (see Section 8.3.2.1).  

All the other parameters under “Scheme, Incentives and Regulation” described in Table 7.4 

followed the same parameterization as the RPG. However, there are two additional 

parameters that are missing from the RPG and were introduced in the ABM: Scheme Drop 

out and the Delay in Re-joining interventions after a household left the intervention. There is 

no information about the conditions under which a farmer would leave an intervention (see 

Section 7.7.1) or re-enrol in one. Given the RPG debriefings with the local farmers it was 

considered important to have these parameters (see Section 7.7.1). Thus, they were added to 

the ABM and their baseline value was set based on the local stakeholders’ group 

recommendations. 

 

The financial decisions (see details in Appendix 7.1 Decisions based on profit or loss history) 

and initial parameterization of some of the variables related to budget decisions are based on 

the RPG rules and on observations and lessons learned from the game sessions (see Section 

6.3.2.5). During the RPG feedback sessions, farmers debated that making important changes 

to their current budget only comes after several years of profit or loss. This is due to the 
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unpredictability of farming outcomes. As a result in the ABM it was proposed to keep track of 

the profit and loss history of the farmers and to allow them to make budget adjustments based 

on this history.  

 

Finally, there are two important processes that were added to the ABM that were deliberated 

during the RPG feedback sessions with the stakeholders and players. The first one refers to 

giving the Agency the ability to buy land that remains available on the market at the end of a 

simulation year and convert it into conservation land instead of being abandoned. This will 

have implications for the total land spared for conservation (see Chapter 8, Figure 8.8). The 

second difference is that farmers were given the option of selling timber from their lands, 

which was not possible in the RPG. This provides additional income for households that 

encounter financial difficulties and need to repay loans or cover costs with household 

maintenance, food, farming and education.  

 

7.5 Phase 2. Experimental design 
The output metrics of interest, the scenarios tested and the indicators varied during sensitivity 

testing are all detailed in Chapter 8 (Table 8.1, Table 8.2 and Table 8.3 respectively) and 

Chapter 9 (Table 9.1, Table 9.2 and Table 9.3 respectively). The output metrics include 

socioeconomic and environmental indicators such as population median income, Gini 

coefficient, food security, total number of trees cultivated in the landscape or connectivity of 

the protected patches enrolled in schemes. There are 9 scenarios tested that range from 

business-as usual to running the intervention one at a time or all together. Although 

stakeholders’ participation prevented the development of unlikely or unfeasible policy 

scenarios, the ABM is equipped to test alternative, even more radical scenarios, and use the 

model as a testing space for such theories. 

Indicators that were varied during sensitivity testing include initial household balance, Social 

Influence Threshold (SIT) or the level of the Financial Incentive (FI). 

Simulation run length was established at 30 time steps, the equivalent of 30 agricultural years. 

The run length was established by stakeholders that considered anything beyond this 

timeframe would be difficult to predict in terms of institution stability, climate change, 

outmigration, land use decision-making processes, technology diffusion and policy 

implementation, monitoring and funding capacity.  
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The number of independent model replications was set at 20, the minimum number of 

replication that produced statistically reliable results for all indicators of interest.  

An example for demonstrative purpose (Figure 7.10) shows that the model becomes stable 

after less than 20 years for two of the scenarios tested. Restricting the number of replications 

to 20 therefore minimised computational run time without impacting the reliability of results 

(Robinson, 2014). 

 
Figure 7.10 Example showing 95% confidence intervals for one of the output metrics of interest (population median income) 
based on the number of simulation replications, under two different scenarios. The “No Schemes” scenario means the 
simulation is running without any policy intervention. In the second scenario, “All + FI + Bonus”, the model runs with all the 
schemes at the same time. The schemes carry a financial incentive and there is a bonus for farms that connect the land spared 
for conservation.   

 

7.6 Phase 3. Validation and Verification 

7.6.1 Conceptual-model-validation--

The conceptual model validation process was carried with the stakeholders, in five stages: 1) 

before implementing the RPG, 2) during the RPG trial workshops, 3) post RPG workshop 

sessions, 4) before implementing the conceptual model into the computer simulation and 5) 

during the model implementation (but only sporadically for particular questions of interest, 

otherwise assumptions were made). See details in Appendix 7.2.  
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7.7 Discussion 

7.7.1 -So-what?-Linking-model-assumptions-back-to-reality--

PLUSES seeks to model land use and livelihoods decision-making in the Nilgiris landscape. 

A key process in making insights derived from PLUSES useful in the real world is 

understanding how model insights change as its assumptions are relaxed. In this model, a 

number of simplifying assumptions were made regarding food security, budget planning, 

land-use and land transaction decisions and policy enrolment. In this section I discuss how the 

more complex, real-world versions of these processes might impact the study results.  

 

Firstly, all agents in the model follow a linear process in terms of their response to financial 

loss or gain (see Section 7.4.3 and Figure 7.8). This is certainly a common strategy applied by 

the Nilgiris farmers, but is a simplification of the variety of human behaviours around 

financial decision-making. Farmers may respond to financial losses or gains following a 

different sequence or may choose to discard some of the steps in the sequence. For example, 

farmers that are better off may decide to invest their savings in other activities or assets, such 

as education or local businesses rather than land acquisition, which is the only investment 

option modelled in PLUSES. As a result, in the model, richer households accumulate more 

land than would be expected in the real world. Not accounting for this process is likely to 

produce more conservative biodiversity outcomes in the model. Wealthier households create 

more competition for the environmental agency on the land market and as a result less land is 

likely to be converted to forest. 

Another assumption holds that agents convert tea to agricultural land based on crop 

profitability and on the slope of the terrain. Using profitability as a decision-making factor 

was observed for almost all players of the RPG. However tea is a long-term investment crop 

that requires a larger start up fund. Once established, it entails minimal maintenance and is 

also associated with a higher social status. Profitability and slope characteristics are therefore 

important decision-making factors, but not the only measures on which farmers base their 

decisions (Sharma and Barua, 2017). In order to avoid making further assumptions about 

different farming behaviours, profitability and slope were considered to be the most useful 

standard measures against which farmers take decisions about land conversion. In the real 

world the conversion rate of tea to agricultural land is expected to be lower than in the 

modelled scenario. The implications of this differentiation are more difficult to disentangle. It 
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is expected that farmers will make more profit over time, as agricultural land is generally 

more profitable than tea, and as a result agents are less likely to face financial debt and exit 

the simulation. A higher proportion of agricultural land in the simulation landscape also 

means a reduced potential for the adoption of Tree Intercropping (Scheme C) given that it can 

only be adopted on tea land. 

Within the model only land plots offered by farms in deficit enter the land market. This is 

certainly a major component of land that gets sold in the Nilgiris landscape. However farmers 

who do not have a debt may also attempt to sell their land in an effort to migrate to nearby 

cities. This mechanism is excluded from the model to avoid introducing further assumptions 

about which farms are likely to make the choice to voluntarily emigrate from the landscape. 

The impact of excluding this mechanism is likely to be a more conservative estimate of land 

aggregation, as only some of the means through which successful farms or the environmental 

agency can buy up neighbouring land are included in the model.  

Another important simplification in the model is that there are no wholly unexpected costs 

borne by the farmers. In reality, injury or illnesses among family members are unpredictable 

shocks and can drive the need to reduce household spending, sell off timber and ultimately 

monetise land. It is reasonable to assume that the risk of injury or illness is uniform across the 

population, if not higher among poorer farmers, and that richer farmers will be better prepared 

to weather these shocks. This simplifying assumption likely leads to households having 

inflated financial assets over time and as a result poorer households are more likely to stay in 

the landscape for longer. 

 

The representation of food security in the ABM was also simplified. Based on the analysis 

presented in Chapter 5 (see Section 5.5) food stability, access and utilization are important 

pillars of food security in the study area. Measuring food stability and utilization using the 

two metrics of interest, food shortage and Food Consumption Score, would have required a 

considerable level of additional complexity and computer power that were not feasible for this 

research. Excluding these two pillars from modelling means that conclusions about food 

security could be extrapolated at the population (landscape) level only in one component of 

food security, food access. This pillar was measured in the model as the total food budget 

allocated by a household and the amount of food retained for consumption from own 

production. In measuring the food budget the ABM included all the determinants of food 

security identified in Chapter 5 (see Table 5.8) except two: ‘education’ and ‘household type’. 
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These factors were not integrated in the model due to several reasons: i) limited information 

on the households’ education processes over time, ii) time constraints, and most important iii) 

no demographic processes represented in the model. The absence of demographic processes 

(see justification later in this section) strongly influences the impact of the two factors on food 

security. If marriages and deaths would have been represented certain households could have 

changed, for worse or for better, their food security status. For example, by marrying into an 

educated male-headed household the most vulnerable households (female-headed with low 

level of education) could benefit from an increase in food security. The reverse could also 

occur. By losing the male head and becoming a female-headed household the level of food 

security could decrease. This simplifying assumption means that the model produces less 

variation in food security behaviour; but the long-term impact on population food security is 

difficult to forecast in the absence of demographic processes. 

A final simplification of the model is that, in the first stage of enrolment, agents are 

influenced in their decision to adopt a scheme by only one of the three primary drivers: social 

influence, financial incentives or pro-environmental motivations. Data on secondary drivers 

of enrolment were collected using the in-depth household survey, however less than 2.5% of 

the Badaga households (see Section 4.3.7.3) declared they base their decisions on more than 

one driver. Hence secondary drivers were not simulated in PLUSES. In reality it is expected 

that more farmers will use a combination of motivations to determine whether to enrol in a 

scheme or not. A sufficiently detailed understanding of these motivations and their 

interactions will require a different data collection approach. For example, PLUSES could be 

used to unlock discussions on different motivations in communities such as the Nilgiris that 

have limited or no experience with land use policies on their farms. Utilising a single 

motivational driver per agent in the model means that more farmers are likely to enrol in each 

scheme than in reality. 

Like most of the models, PLUSES comes with a series of limitations and the potential for 

improvement.  

Firstly, in the current model version of PLUSES, neither the change in family composition 

nor the founding of new households is operational. As a consequence the number of 

households within the landscape cannot increase, but it can decline over the simulation period 

as a result of land abandonment. The abandoned plots become available on the land market. 

Model behaviour is then the result of financial, farming and scheme decision processes, not 

demographics. Omitting the latter reduces the variability in model output and allows seeing 
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more clearly in the experiments what results from the structure formed by the former 

processes. At the same time, by not representing the formation of new households, primarily 

through marriages, there is an incomplete picture of how the land is being reallocated within 

the villages and how this might impact policy adoption.  

In terms of financial limitation and future opportunities the model could be developed to 

incorporate an assessment of the financial ‘health’ of the agent before being granted a loan. 

Other improvements could be made using spatially explicit data of the farms’ location, either 

from farm survey or cadastral maps of the area. 

While in its first stage of development PLUSES successfully combines social, environmental 

and economic components, the dynamic interaction between them is still limited. Integrating 

these interactions is desirable to better capture management options for agricultural systems in 

which the economic processes and social interactions of farmers and other land users partly 

depend on ecological changes, and in which the environment changes in response to the 

decisions and interactions of all land users (e.g. Schreinemachers and Berger, 2011). Such 

development will enable PLUSES to achieve a more sophisticated form of modelling, that of 

socio-ecological systems (Janssen and Ostrom, 2006). 

7.7.2 -Comparison-of-decisionEmaking-processes-with-other-recent-simulators-

This section presents a brief comparison of PLUSES to other agent-based simulations of 

human decision-making in agricultural systems. The purpose is to position PLUSES in the 

current literature by looking at the different purposes the models were developed for and by 

comparing the decision-making routines used across different software packages.  

The models for comparison were selected from 134 agent-based land use models reviewed by 

Groeneveld et al. (2017). Three selection criteria were used to identify the most relevant 

ABMs to the current research:  

i) The objective of the research should be decision-making in agricultural systems. 

ii) The models were developed to test land use policies. 

iii) Agent decision-making is influenced by at least any one social, economic or 

environmental factor.  

By applying these selection criteria, ten relevant land use simulators were identified. The list 

was expanded to eleven models to include AgriPOLIS simulator (Table 7.5). AgriPOLIS did 

not meet all three selection criteria as it only focused on economic factors of decision-making. 

However, an exception was made and the model was included for comparison due to close 

similarities in the land use processes simulated in PLUSES. 
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Similarly to most of the agent-based simulators selected, PLUSES is spatially explicit and 

based on empirical data from existing agricultural structures. Unlike, Caillault et al. (2013), 

AgriPoliS and FEARLUS-SPOMM models, PLUSES has not been designed to deal with 

abstract landscapes. 

There is a broad range of agricultural systems represented by the models including small 

subsistence farms, large commercial farms, slash and burn agriculture and frontier landscapes. 

The BIOCAPARO, LUDAS and PLUSES models have been specifically adapted to deal with 

frontier landscapes and they all represent small-scale farming. PLUSES differentiates from 

the other two by focusing on commercial farming as opposed to subsistence farming. As such, 

the model is better equipped for research in landscapes that are defined by one, or a 

combination of, the planation of non-food crops (such as tea, coffee, sugarcane) and 

commercial farming of food crops, sold for income as a means of livelihood, rather than 

grown for household consumption. Modelling these systems has implications for better 

understanding food security in small scale farming systems that rely on cash crops and the 

dynamics of local, national and international markets for their income (e.g. Frelat et al., 

2016). In this context, PLUSES is the only model out of the models selected that specifically 

measures household food security. 

 

According to the characteristics of the empirical objective, the twelve models could be seen as 

covering the three classes of ABMs described by Boero and Squazzoni (2005). AgriPoliS and 

FEARLUS, without the SPOMM extension, can be classed as typification, a class of more 

theoretical models designed to explore a range of phenomena and questions within a 

particular area of study. Caillault et al. (2013) belongs to the class of theoretical abstractions 

models, which are more metaphorical in their representations, aimed at building on theory. 

The remaining 9 models (includes PLUSES) are better described as case-based models. They 

have been fitted to specific case studies at the micro and macro levels through application of 

survey data and validation of spatial patterns. These three classes should be however regarded 

as continuum rather than mutually exclusive sets (Boero and Squazzoni, 2005). Given that 

PLUSES is interested in exploring the uptake of interventions under LS/LS framework but at 

the same time tailored to a specific case study, the model would probably fit best somewhere 

between the first and third class. In future research PLUSES can be adapted to answer 

questions that relate to either the typification or case-based scenarios, or a combination of the 

two. 
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In all cases the eleven models and PLUSES were designed to better understand a system in 

which land use policies are implemented. Additionally, some of the models were developed to 

explore specific theories (Caillault et al., 2013 and LUDAS), test hypothesis (Bell, 2011) or 

were implemented to enable predictions (Valbuena et al., 2010). PLUSES could be used for 

such applications. However, PLUSES was primarily designed as a decision support tool to 

facilitate discussion between multiple stakeholders and to provide local policy makers with a 

representation of a complex system that can answer a particular research question of interest. 

Six of the other models were also developed for similar purposes (AgriPoliS, Bell, 2011, 

Bone and Dragićević, 2010, LUDAS, FAERLUS-SPOMM and Sengupta et al., 2005). From 

these six models only Bone and Dragićević (2010) represent the stakeholders as different 

agents and therefore allow for observing the interactions between them. This is an advantage 

compared to the other models, including PLUSES, because it allows the understanding of 

how complex interactions amongst multiple stakeholders influence the ability to achieve 

different objectives. PLUSES assumes that stakeholders’ objectives are constant over the 30-

year simulation (as per the stakeholder workshops) and as a result there are no additional 

barriers to land use policies adoption. This means that the number of adopters is expected to 

be higher than in reality.  

 

In terms of decision-making and the factors that influence decision-making, PLUSES has 

communalities and both strengths and weaknesses when compared with the other eleven 

simulators. Like all other models, PLUSES uses bounded rationality as a decision-making 

theory. However, the way it was implemented differs with the other models. Bone and 

Dragićevićs  (2010) model is superior in this regard to PLUSES in that it allows farmers to 

learn from the past and use that information in their advantage in future decisions. 

BIOCAPARO can also be considered more advanced in the way agents are represented. 

Within BIOCAPARO farmers have diverse goals and behaviours, unlike the agents in 

PLUSES that follow rules without having a defined goal and objective that they pursue. These 

limitations affect the capacity of the PLUSES’ farmers to avoid debt traps by repeating the 

same behaviour. As a result they are more likely to be forced into leaving the system earlier 

than might be expected in the real world. 

Nevertheless, PLUSES is more sophisticated than most of the other models in two important 

regards. Firstly, it has the ability to incorporate social, economic and environmental decision-
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making factors. Only two of the other models allow this breadth of decision making factors 

(Sengupta et al., 2005 and Valbuena et al., 2010). Secondly PLUSES provides a more 

overarching representation of policy outcomes including: land use change, the rate of 

adoption, livelihoods changes, food security and environmental impacts. This has important 

implications when informing the design of policies. Being able to compare and contrast 

between the outcomes of different policies considering socio, economic and environmental 

implications allows decision-makers to understand the potential synergies, trade-offs, 

opportunities and unanticipated risks at a finer scale and, as a result, plan better. The next 

chapters (8 and 9) use PLUSES simulator and demonstrate its relevance and capacity in doing 

so.  
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Chapter 8 
 

Evaluating the uptake of land use interventions using 
PLUSES 

8 "

8.1 Introduction 
The challenges of improving food production and biodiversity conservation are intricately 

linked. To date, the LS/LS framework has viewed this nexus primarily through an ecological 

lens. This perspective has been criticized for being too narrow, and failing to consider other 

relevant factors such as the social acceptability of the proposed interventions by direct land 

users (Fischer et al., 2014).  

In either approach, the involvement of local land users is likely to be an important factor in 

shaping the success of conservation projects (Emery and Franks, 2012). Knowledge of the 

willingness and capacity of landowners to engage with conservation has been shown to be of 

key value in planning successful LS/LS land use management strategies (Jóhannesdóttir et al., 

2017). However, there is still little evidence on the desirability of these interventions to 

farmers in a real landscape context.   

This chapter proposes to address this lack of evidence by answering the following questions: 

Q1) How do direct land users respond to proposed interventions that promote land 

sharing or land sparing? Are they willing to adopt them on the farm? 

Q2) Who are the adopters of the different strategies and why do they adopt them?  

The chapter answers these questions using predictions from PLUSES regarding adoption of 

the three LS/LS interventions proposed by local stakeholders (see Table 7.3).  

8.2 Data and Methodology 
To assess the adoption of the interventions by the Nilgiris land users different output metrics 

were used (Table 8.1). The metrics are measured at the end of 30 years of simulation and the 

results are averaged over 20 simulation runs (see justification in Section 7.5). 
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Table 8.1 Data type and ABM output metrics. The research question addressed by the metric is marked in brackets. 

Indicator group Metric 
General 

outcomes (Q1) 
• Number of households left at the end of the simulation (quantitative) 
• Number of landholders left at the end of the simulation (quantitative) 

Social 
acceptability 

(Q1, Q2) 
 

• Total number of households enrolled in schemes (quantitative); 
• Total area enrolled in schemes (quantitative) 

-Percentage of households enrolled in schemes by landholding size (quantitative) 
-Percentage of households enrolled in schemes by income per capita (quantitative) 
-Number of patches enrolled in schemes over time (quantitative);  

• Motivations for enrolment 
• Incentive payments: Opportunity costs for financial incentive payments (quantitative 

and qualitative) 
 

The metrics are analysed under nine main scenarios (Table 8.2) that aim to reflect differences 

between having no schemes in the landscape compared with running schemes one at a time, 

or all together.  

 
Table 8.2 The nine scenarios tested using PLUSES simulator 

Number  Scenario  Description 
01 No Schemes Simulation running with no policies interventions in the landscape.  

 
02 
03 
04 

One Scheme + No FI: 
Scheme A + No FI 
Scheme B + No FI 
Scheme C + No FI 

 
Schemes A (Wildflower Meadows), B (Forest Plantations) and C (Tree 
Intercropping) are simulated in the landscape one at a time. They carry 
no financial incentive (FI).  

05 All + No FI 
All schemes are running in the landscape, but they carry no financial 
incentive.   
Land users can select any one of the schemes, two schemes or all three. 

 
06 
07 
08 

One Scheme +FI: 
Scheme A + FI  
Scheme B + FI 
Scheme C + FI 

Schemes A, B and C are simulated in the landscape one at a time. They 
carry a financial incentive. 

09 All + FI 
All schemes are running in the landscape and they carry a financial 
incentive. 
Land users can select any one of the schemes, two schemes or all three. 

 

The schemes are tested when they have no financial incentive for enrolment and when they 

include a financial incentive. The financial incentive represents the amount a farmer receives 

for joining an intervention (see the amount for each intervention in Table 7.3). 
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One-way analysis of variance (ANOVA) is used to test if there are any statistically significant 

differences between the means of the different scenarios. To meet the assumptions of 

ANOVA test, where necessary non-normally distributed data was transformed. Tukey’s 

Honest Significant Difference (HSD) test was used in the post-hoc analysis to test for 

statistically significant differences between pairs of means. 

To assess how sensitive the output metrics are to changes in model settings, sensitivity testing 

is performed. Indicators that are either part of the process that can influence the metrics or are 

thought to have an important effect on the output metrics are varied (Table 8.3). In the 

sensitivity testing analysis the new values given to the indicators are tested against the 

baseline value (Table 8.3). The statistical difference between the outcomes is established 

using a two-tailed t-test. The sensitivity testing results are always presented for “All +FI” 

scenario, which is the scenario stakeholders wanted implemented in the landscape. Results are 

averaged over 20 simulation runs after 30 years of simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 270 

Table 8.3 Table showing which indicator variables, and their values, were assessed for key output metrics during sensitivity 
testing. The third row of the table shows the values at which each of the indicators was tested. The baseline value of an 
indicator used in the scenarios of the simulation is marked (B).  

 

The next section (Section 8.3) presents the outcomes of adoption, followed by the 

interpretation of the results (Section 8.4).    

 

8.3 Results of scheme uptake and sensitivity testing  
The following section presents the results of the different indicators measured under the nine 

scenarios. It includes results of sensitivity testing which aim to provide more insight into the 

way the ABM operates and its outcomes.  

8.3.1 General"outcomes"

8.3.1.1 Number+of+households+left+at+the+end+of+the+simulation+

Households leave the system during the simulated 30 years as a result of a debt problem that 

could not be cleared. However the current model structure does not allow for the total number 

of households in the landscape to increase (see Section 7.7.1). 

The simulation started with 1057 households. Under the “No Schemes” scenario the number 

of households reduced to a mean of 993 (SD=7.50). The introduction of Schemes A, B, C or 

all schemes combined, either with or without a financial incentive, produced no statistically 

significant difference in the total number of households that remained in the system compared 

to the “No Schemes” scenario [F(8,171)= 0.017, p= 0.999].  

Output Metrics Indicators 

 

Initial household balance Social Influence 
Threshold Financial Incentive 

0 (B) 
Savings of 
5x annual 
income 

A debt 
of 5x 

annual 
income 

5 
links 
(B) 

0 links 

As a 
continuous 

variable 
(by scheme) 

5000 INR per 
patch for A and C 
and 6500 INR per 

patch for (B) 

As a continuous 
variable (by land 

use) 

General outcomes         

Number of 
households left (end 

of simulation) 
X X X      

Proportion of 
households that own 

land 
X X X      

Social acceptability         

Households enrolled    X X X X X 

Patches enrolled    X X X X X 
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Sensitivity)testing)

In the baseline settings of the model, households start with no debts or savings. Sensitivity 

analysis shows that changing the initial financial balance of the households influences the 

number of households remaining at the end of the simulation. If households are initialised 

with a debt of five times their annual income then the total number of households left is 

significantly reduced to an average of 633, a reduction of 36% compared to the baseline 

scenario [F (23,456)=3628.82, p<0.001]. If households are initialised with savings of five 

times their annual income then the total number of households left is statistically different, 

from 993 under baseline settings to 1002  [F (23,456)=7.56, p< 0.001].  

8.3.1.2 +Number+of+landholders+left+at+the+end+of+the+simulation+

When investigating the proportion of land owning households (landholders) that remained in 

the landscape at the end of a simulation there is statistically insignificant variation between 

the “No Schemes” scenario and all the other eight scheme-scenarios [F (8,171)=0.015, 

p=0.999]. 64% of households own land at the end of the simulation (n=933) under any of the 

scenarios tested compared to 61% of households when the model was initialized (n=1057).  

 

Sensitivity)testing)

As with the total number of households remaining in the system, sensitivity analysis shows 

that increases and decreases in initial budgets affected the proportion of landholders left in the 

landscape at the end of the simulation [increase: F(23, 456)=5.44, p< 0.001] and [decrease: 

F(23, 456)=5796.18, p< 0.001]. While a budget increase raises the total number of farmsteads 

slightly, to 661 (out of n=1002 households), the decrease in budget leads to a total of 620 

farmsteads  (out of n=633 households).  

8.3.2 Social"acceptability"(scheme"uptake)"

When assessing the uptake of Schemes A, B and C by households, comparisons were made 

between each scheme being run independently “One Scheme” or simultaneously “All 

Schemes”. Scenarios were investigated either with or without a financial incentive (FI) for 

enrolment.  

8.3.2.1 Total+number+of+households+enrolled+in+schemes+

When the schemes run one at a time without any financial incentive, “One Scheme + No FI”, 

enrolment occurs for all three agri-environmental schemes (Figure 8.1). The most frequently 
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adopted scheme was Scheme A, Wildflower Meadows with a mean value of 97.75 households 

(SD=8.29). This level of adoption accounts for 15% of all the remaining farmsteads at the end 

of the simulation run (N=644). Scheme B, Forest Plantation, was adopted by 2.5% of 

landholdings (16.15, SD=5.20), whereas Scheme C, Tree Intercropping, saw an enrollment of 

8.2 % of all farmsteads (53.1, SD=5.38).  

 
Figure 8.1 Total number of households enrolled in Schemes A, B and C predicted by the model under “One Scheme + No 
FI”, “All + No FI”, “One Scheme + FI” and “All + FI”, scenarios after 30 years of simulation. Vertical bars indicate the 
margin of error of the mean values at a 95% confidence interval. 

 

Results of a one-way ANOVA and Tukey’s HSD test between each pair of scenario groups 

under Scheme A, B and C respectively (Figure 8.1) show that running all the schemes 

simultaneously with no financial incentive, “All + No FI”, produced no statistically 

significant difference compared to the first scenario, “One Scheme + No FI”. This is because 

there is no interdependence between adoption decisions when there is no financial incentive; 

farmers have a specific set of conditions on the farm that lead them to a particular schemes 

that is able to satisfy those conditions. 

When a financial incentive is introduced there are statistically significant changes in the 

enrollment in Schemes A, B and C compared with no financial incentive scenarios. This trend 

is observed in comparisons between both “One Scheme + No FI” with “One Scheme + FI” 

and “All +No FI” with “All + FI” (Table 8.4). The introduction of a financial incentive 

triples enrollment for Scheme A and B and doubles enrollment in Scheme C (Figure 8.1). 
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Enrollment in Scheme B does not vary significantly between the “One Scheme + FI” and 

“All +FI” scenarios. However, for schemes A and C the “All + FI” scenario increases 

enrolment significantly (Figure 8.1).  

 
Table 8.4 One-way ANOVA results of the total number of households enrolled in Scheme A, Scheme B and Scheme C 
under different simulation scenarios and Tukey’s HSD post hoc results between each pair of scenario groups under each 
scheme. If the mean difference between the pairs of scenarios is statistically different (p < 0.05) it is shown in bold and 
marked with an asterisk. 

 Results for scenarios with Scheme A: Wildflower Meadows 
ANOVA F(5,114) = 1228.6, p < 0.001 

Tukey’s HSD 
test 

 Scheme A + No FI All Schemes + No FI Scheme A + FI 
Scheme A + No FI -   
All Schemes + No FI 1.05 -  
Scheme A + FI 211.45* 210.4* - 
All Schemes + FI 258.15* 257.1* 46.7* 

 Results for scenarios with Scheme B: Forest Plantation 
ANOVA F(5,114)=240.3, p<0.001 

Tukey’s HSD 
test 

 Scheme B + No FI All Schemes + No FI Scheme B + FI 
Scheme B + No FI -   
All Schemes + No FI 0.6 -  
Scheme B + FI 38.9* 38.3* - 
All Schemes + FI 42.4* 41.8* 3.5 

 Results for scenarios with Scheme C: Intercropping 
ANOVA F(4,95)=283.8.6, p<0.001 

Tukey’s HSD 
test 

 Scheme C + No FI All Schemes + No FI Scheme C + FI 
Scheme C + No FI -   
All Schemes + No FI 0.2 -  
Scheme C + FI 66.1* 66.3* - 
All Schemes + FI 84.55* 84.75* 18.45* 

 

Sensitivity)testing)

Sensitivity analysis was carried out on two indicators directly related to scheme adoption, 

Social Influence Threshold (SIT) and incentive level.  

The first indicator, SIT, makes enrollment conditional on a number of fellow farmers from the 

same network also enrolling (see Table 7.4). In the baseline settings farmers need at least 5 

members of their social network to join the schemes before they decide to join too (SIT=5). 

Enrollers that met the condition under Scheme A accounted for an average of 31.60 

households (SD=5.78; Figure 8.2). When SIT was set to its lowest possible level (SIT=0), no 

social network condition, enrollment in Scheme A was twice as high (69.40 households; 

SD=6.73). This difference is statistically different [t(38)=-28.132 p < 0.001]. The SIT 

therefore plays an important role in the uptake of Scheme A. An SIT > 3 leads to a rapid drop 

in Scheme A enrolment (Figure 8.2). 

Scheme C enrolment also shows a statistically significant change with SIT level. When SIT is 

reduced from the baseline level to zero the number of adopters increases from an average of 
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7.95 (SD=2.60) to 19.9 (SD=4.03) [t(38)=7.652 p < 0.001]. In contrasts with Schemes A and 

C, enrolment in Scheme B is not influenced by a reduction in SIT level from 5 to 0 

[t(38)=1.401 p=0.169]. 

 

 
Figure 8.2 The number of households that enrol in the interventions (A Adopter, B Adopter or C Adopter) or refuse to adopt 
interventions (Non-adopting Landowner) at different levels of Social Influence Threshold. The red dotted line signifies the 
SIT baseline value of the model. 

 

The second indicator that was tested for sensitivity was the variation in financial incentive 

(FI) level by scheme type. Overall significant enrolment occurs in all schemes at rates as low 

as 20% of the baseline value (Figure 8.2).  

At the current baseline setting (FI=100%) there is an average of 138.25 households (SD=5.35) 

that enrol in Scheme A. These are the households for which the return on investment from 

their land that is smaller than the FI and as a result enrolment in the scheme is at least as 

profitable. Increasing the FI above the current value to FI=200% brings an average of only 10 

additional enrollers, a 7% increase. Reducing the incentive by 50% reduces enrolment in 

Scheme A by an average of 19 enrollers (13%). It is estimated that the optimal level (number 

of enrollers per unit of money spent) for the FI for Scheme A enrolment is between 80 and 

100% of the baseline (Figure 8.3).  
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Figure 8.3 The number of households that enrol in schemes for different levels of financial incentive. The red dotted line 
signifies the FI baseline value. 

Providing an optimal FI level is not straightforward because it is necessary to consider the 

effect of FI level on overall enrolment, which is in turn also linked to changes in social 

networks and influenced by the land use type (Figure 8.2, Figure 8.3, Figure 8.4). Extracting 

this information from the model requires adjustments to be made to the model that will 

considerably slow down the simulation experiments. Given time limitations and the fact that 

cost-effectiveness was not the main focus of this research it was decided not to include this 

calculation in the model. The ‘optimum levels’ calculated here are indicative and not precise.  

For Schemes B and C the FI can be set at much lower values. At the current baseline setting 

the two schemes attract 30.95 (SD=1.81) and 49.5 (SD=3.35) enrollers respectively. If the 

level of FI was set to 30% of the baseline level then enrolment in Scheme B would only drop 

by about 6% or an average of 2 enrollers. A similar small decrease in enrolment (6% or 3 

enrollers) is observed for Scheme C when the FI is reduced to 60% of the baseline level.  
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Figure 8.4 The percentage of households enrolling at different financial incentive level for two alternative land uses. The 
baseline value for FI is 100%. Scenario “All + FI” 

Sensitivity testing was also performed on the relationship between the size of the financial 

incentive and land use types. Overall, crop owners require higher incentives to enrol in 

schemes than tea owners (Figure 8.4). At the baseline level of financial incentive (100%) all 

tea owners satisfy the financial condition of enrollment, whereas less than 50% crop owners 

do. 

The optimal FI level for the tea owners would be at 60% of the baseline level where 96.9% of 

tea owners would enrol. Increasing the FI level above 60% shows only an incremental 

increase in enrolment. For crop growers the optimum FI level is more than 2.5 times the 

baseline level (FI=275%) where 83.6% farmers enrol.   

8.3.2.2 Total+number+of+patches+enrolled+in+schemes+

This section assesses the area of land covered by each scheme under the same nine scenarios, 

but uses overall group names for an easier graphical representation: 1) “One scheme + No 

FI”, 2) “All schemes + No FI”, 3) “One scheme + FI” 4) “All schemes + FI”. Land area in 

the modelled landscape is measured in patches. A patch represents 1/10th of an acre, the 

smallest area of land that can be bought or sold within the landscape (see Section 7.4.2).  

In the “One Scheme + No FI” scenario, out of the total of 908 patches enrolled across the 

three schemes, the majority (61%) were enrolled in Scheme C (555.15, SD=89.25). Scheme A 
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accounted for 33% of enrolled patches (298.25, SD=47.91), and Scheme B accounted for the 

remaining 6% (55.65, SD=28.11; Figure 8.5).  

 

 
Figure 8.5 The total number of patches enrolled in Scheme A, B and C as predicted by the model under the 4 scenarios, after 
30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence interval.  

A positive association between the size of a farm and Scheme C adoption was observed which 

contrasts with a negative association between farm size and enrollment under Scheme A 

(Figure 8.6).  

 
Figure 8.6 The percentage of households enrolled in Schemes A, B and C by landholding size under the “One Scheme + No 
FI” scenario, after 30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence 
interval.  
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When all schemes are simultaneously available to agents without a financial incentive “All + 

No FI” there is no statistically significant difference in the total numbers of patches enrolled 

under Scheme A, B or C when compared with each scheme being run independently “One 

Scheme + No FI” (Table 8.5).  
 

Table 8.5 One-way ANOVA results of the total number of patches enrolled in Scheme A, Scheme B and Scheme C under 
different simulation scenarios and Tukey post hoc results between each pair of scenario groups under each scheme. 

 Results for scenarios with Scheme A: Wildflower Meadows 
ANOVA F(5,114) = 278.2, p < 0.001 

Tukey’s HSD test  

 Scheme A + No FI All Schemes + No FI Scheme A + FI 
Scheme A + No FI -   
All Schemes + No FI 21.35 -  
Scheme A + FI 568.7* 547.4* - 
All Schemes + FI 701.6* 680.3* 132.9* 

 Results for scenarios with Scheme B: Forest Plantation 
ANOVA  F(5,114) = 38.13, p < 0.001 

Tukey’s HSD test  

 Scheme B + No FI All Schemes + No FI Scheme B + FI 
Scheme B + No FI -   
All Schemes + No FI 9 -  
Scheme B + FI 125.7* 134.7* - 
All Schemes + FI 122.9* 131.9* 2.8 

 Results for scenarios with Scheme C: Intercropping 
ANOVA F(4,95) = 49.7, p < 0.001 

Tukey’s HSD test  

 Scheme C + No FI All Schemes + No FI Scheme C + FI 
Scheme C + No FI -   
All Schemes + No FI 14.25  -  
Scheme B + FI 427.2* 412.9* - 
All Schemes + FI 407.4* 393.2* 19.75  

 

When a financial incentive is introduced the number of patches enrolled across the schemes 

increases compared to the no financial incentives scenarios (Figure 8.5). Under the scenarios, 

“One Scheme + FI” and “All +FI”, the total land enrolled under Schemes A tripled and B 

quadrupled compared to no financial incentive scenarios. The amount of land under Scheme 

C doubled (Figure 8.5).   

When comparing running the schemes one at a time, “One Scheme + FI”, or all together, 

“All + FI”, a statistically significant difference is only observed for Scheme A (Figure 8.5). 

 

As households’ financial security increases the proportion of households that enrol under 

Scheme C decreases, whilst the opposite trend is observed for Scheme A (Figure 8.7). 

Scheme B follows a different pattern and attracts more enrollers at the extremes, both from 

poorer households and from financially secure ones. 
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Figure 8.7 The percentage of households enrolled in Scheme A, B and C by income per person under the “All + FI” scenario, 
after 30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence interval.  

When this trend is considered alongside the influence of farm size on scheme adoption 

(Figure 8.6) there is a tendency for larger, but less financially secure farms to enrol in Scheme 

C. These are the characteristics of tea farms. In contrast Scheme A is preferentially selected 

by smaller but more financially secure farms; the characteristics of vegetable farms.  

The idea that land use type could determine scheme choice is supported by results which 

show that over time there is a sustained preference for Scheme A among vegetable 

(agriculture) farms and for Scheme C among tea growers. Tea growers who enrolled in 

Scheme A initially are predicted to leave the scheme at a constant rate until very few remain 

(Figure 8.8).  

 
Figure 8.8 The number of patches enrolled under each Scheme or converted to forest by the agency under “All + FI” 
scenario.  
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8.3.2.3 Motivations+for+enrolment+

Farmers’ motivations for adopting land use policies on the farm have both parallels and 

differences between the three schemes (Figure 8.9).  

 

 
Figure 8.9 Land owners reason for enrolling in each of the three schemes under the “All +FI” scenario. Vertical bars indicate 
the margin of error of the mean values at a 95% confidence interval.  

 

Economic benefits are the most common reason for farmers to enrol in all three of the 

schemes, followed by pro-environmental motivations and social norms. Scheme B has the 

highest proportion of enrolment due to financial incentives (77%) when compared to Scheme 

A (68%) and Scheme C (60%). Far fewer households are motivated to enrol by their social 

networks, Scheme A (15%), Scheme B (3%) and C (9%). Scheme C has the highest 

proportion of enrollers motivated by environmental beliefs, 30%, compared to Scheme A and 

C, 16% and 19% respectively. 

8.3.2.4 Incentive+payments++

The total budgetary requirement of the agency to pay for all households that have enrolled in 

interventions over a 30-year period was estimated at $ 7.13 mil (“All + FI” scenario) out of 

which: $ 3.05 mil would be for Scheme A, $ 0.88 mil for Scheme B and $3.2 mil for Scheme 

C. The total figure covers the costs of the incentives for 30 years ($ 0.23 mil per year) on 

2,316 patches (9,372 ha) but does not consider the costs associated with extension services for 

providing support to farmers to increase production. This budget would, alternatively, enable 

the agency to purchase 4,571 patches (18,498 ha) of land for conservation, almost twice the 
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number of patches covered through the schemes. However the management costs of the 

converted land over the 30-year period are not covered. In the ABM, in order to maximize the 

benefits for the environment, the agency has a mixed strategy; it encourages farmers into 

adopting conservation strategies on their land, while buying land available for sale and 

converting it to forest (see Figure 8.8).  

8.4 Discussion 

8.4.1 General"outcomes"

The outcomes of this chapter show both anticipated and surprising results. For example, it 

was expected for the ‘survival’ of the households in the landscape to be strongly linked to the 

profitability of the farms, access to land and their initial household budget (debt or savings). 

Unexpectedly, under Wildflower Meadows, Forest Plantations, Tree Intercropping or all 

schemes combined, the model shows that total number of households remaining in the system 

and the proportion of households that own land at the end of the simulation is not statistically 

different to the business-as-usual scenario. This suggests that: (i) the income generated from 

scheme enrolment could not satisfy the financial needs of the most vulnerable households or 

(ii) households that abandon the landscape are landless and the schemes have no effect on 

their financial decisions. Understanding how the interventions permeate through different 

social strata has important implications for the design of more effective policies. If the 

schemes do not provide sufficient financial protection for debt traps (as it happens in this 

case), farmers are forced to sell their land and eventually abandon the landscape. This 

contrasts with many European countries (e.g. UK, France, Italy, Romania) where agri-

environmental schemes form an important contribution to the profitability of the farm 

(DEFRA, 2016), up to the point where they are used to encourage farmers to remain on the 

land even though no output is produced (Baylis et al., 2008). While supporting unprofitable 

land uses might seem an irrational approach to the economy and biodiversity conservation in 

the Nilgiris, the low profitability of tea raises questions about what will happen to the 

increasingly abandoned land. A review of 276 published studies describing various effects of 

farmland abandonment on biodiversity found that countries in Eurasia reported mainly 

negative effects on biodiversity, whereas the New World reported predominantly positive 

effects (Queiroz et al., 2014). The assessed taxa and conservation focus significantly affected 

how those impacts were reported. Contrary to the main findings in Eurasia, the studies 

conducted in nearby tea plantations show that abandoned tea land offers an opportunity for 
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restoration of native forest (Chetan et al., 2012, Chetana, 2013). Nevertheless, there is limited 

information on what happens with the households that abandon the land and what new local 

economies might replace tea cultivation in these areas, some of which could ultimately be 

more harmful for biodiversity in the long term.  

 

The other general outcomes observed provide useful insights that help with the external 

validation of the model; these outcomes are nothing unexpected and remain within anticipated 

margins. For example, the total number of households remaining in the landscape and the 

proportion of landholdings at the end of the simulation were influenced by changes to the 

initial household budget conditions. When households started with debt considerably fewer 

households were able to meet their livelihood goals and financial obligations and therefore 

abandoned the landscape. The households that survived the initial financial deficit were those 

able to cover their debt over time. Households that could not cover their debt were landless 

and had fixed sources of income from off-farm activities. These households were not able to 

rollover credits for longer than 3 years and had no other alternative income generation options 

such as the sale of timber or land to meet financial shortages. The outcomes of the model 

therefore stay true to India’s agrarian economy in which landless households are among the 

most vulnerable groups of the society (Besley and Burgess, 2000). If on the other hand, the 

households started with an increased initial budget (as opposed to no debt, the baseline value) 

the model predicts a statistically different but not meaningful variation in the number of 

households that remain in the system at the end of the simulation. This is expected to be the 

effect of households with limited sources of income. Their initial budget allows them to stay 

longer in the landscape, but ultimately it is inevitable that certain people are going to fail to 

meet their financial requirements. The model assumes that they abandon the landscape. Some 

indeed might be able to find ways to create opportunities elsewhere (Rigg et al., 2016), in 

which case there will be land abandonment in the area (only marginal though). It is expected 

that the poorest will not be able however to afford to migrate and will remain in the landscape 

(Jaquet et al., 2016). This will potentially increase the labour force or could increase the 

pressure on local resources. Again this will only have a marginal effect on the economy and 

the environment given that the difference observed in the variation of the number of 

households that remain in the system is not meaningful. 
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8.4.2 Scheme"adoption"and"farmers’"motivations"

The outcomes of scheme adoption provide new and valuable insight into the uptake of LS/LS 

interventions on the ground by demonstrating the flawed argument on which the LS/LS 

debate was founded. Contrary to the LS/LS argument of one scheme being superior over the 

other, the outcomes show there is potential for both LS/LS strategies to meet the expectations 

of land users in a complimentary way. Moreover the results demonstrate the utmost 

importance of understanding the multiple alternative motivations and farm characteristics that 

dictate the choice between LS/LS policies. For example, the results show that when the 

simulation is running without any financial incentives for joining an environmental scheme, 

enrollment in each of the schemes occurs among households that are motivated by pro-

environmental behaviours. The importance of conservation-oriented motivations for driving 

agro-environmental schemes participation is well documented across a range of agricultural 

practices and countries e.g. Mediterranean farms in Europe, agricultural watersheds in the 

USA, organic farms in Switzerland (Wilson and Hart, 2000, Ryan et al., 2003, Manner and 

Gowdy, 2010, Karali et al., 2014, Darragh and Emery, 2017). The pro-environmental 

enrollers play an important role that moves beyond that of direct adopters of environmental 

behaviours. Parallels can be made with diffusion theory where they would be referred to as 

pioneers of innovation (Rogers, 2003). Their role is pivotal because they facilitate others 

(followers) to replicate their novel behavioural trends (Rogers, 2003). In communities with 

limited exposure to interventions, dissemination can be a key determinant in the success of 

new policies (Crona, 2006, Scholz and Wang, 2006, Isaac et al., 2007). In the context of this 

study it was indeed observed that the first wave of enrolment, motivated by pro-

environmental beliefs, prompted the adoption of schemes among another fraction of land 

users who were driven by social norms. Pioneer and follower farmers have been observed in 

the context of adopting organic agricultural practices in Ireland (Läpple and Van Rensburg, 

2011). In this context pioneer farmers were driven by environmental attitudes, social learning 

and innovation, and followers were constrained by risk consideration and were more 

motivated by financial rewards. The distinction between the motivations of early and late 

adopters is important, as each different set of stimuli will require a different type of 

institutional support.  

 

Another important outcome that emerges from the model, and shows differences from what 

was observed in the RPG, is that the largest number of households have enrolled in the 
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Wildflower Meadows scheme. This observation is likely due to a large number of farmers 

having a disinclination to grow trees on their land, as required by the other two interventions. 

This unwillingness to plant trees has arisen as a result of past tree tenure controversies. 

Historic tree tenure reforms across regions of India in which the ownership of trees on private 

land has fluctuated between the land owner and the state have created confusion and 

uncertainty regarding the legality of tree harvesting and ownership rights (Hallsworth, 1982). 

As a result farmers are unwilling to gamble on planting a slow growing resource for which 

they perceive there is a risk, based on historic precedent, that they may not have ownership of 

when it is ready to be harvested. A similar effect of uncertainty over tree tenure has been 

observed in Indonesia, Tanzania, Nigeria and Uganda (Fortman, 1985). Farmers’ past 

experience of changing tree rights must therefore be considered, along with other factors, in 

the design of tree planting policies if they are to be successful (Garcia et al., 2013, Kakuru et 

al., 2014, Ashraf et al., 2015). Surprisingly, in the context of the Nilgiris landscape it is not 

only landowners’ past experiences of tree rights, but also tree-planting configuration, that 

influences farmers’ policy preferences (discussion covered in Section 6.4.2.1). Such insights 

into the drivers of farmers’ decision-making can lead to more effective interventions. 

Agencies seeking to implement environmental policies can either discard what is likely to be 

an unsuccessful policy or adapt to social ‘anxieties’ (Jóhannesdóttir et al., 2017).  

 

The inclusion of social network processes in the ABM shows some surprising results as well 

that were otherwise difficult to observe using the RPG or the household survey. The social 

network of an agent farmer plays an important role in the uptake of Wildflower Meadows 

(Scheme A) and Tree Intercropping (Scheme C). In contrast, social networks play a trivial 

role for enrolment in Forest Plantations (Scheme B). The reason why social network plays an 

insignificant role for Forest Plantations is probably because the low rate of enrolment under 

Forest Plantations does not allow for the social network to manifest. This failure for a social 

network to occur can arise in two ways. Firstly the small number of enrollers may be 

geographically isolated from other potential enrollers within the landscape. Or secondly by 

having clusters of farms belonging to the same social network that have enrolled, in which 

case the social networks become the ones isolated.  

The use of the ABM also helped understand the importance of the social influence threshold 

and revealed some insights about its use in modelling the dissemination of land use policies. 

What is common between the three schemes is that at even small social influence threshold 
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values farmers find it difficult to find neighbours already enrolled in the same scheme that 

will help them satisfy the enrolment condition. As such, the assumptions made in the model 

about the social network size and the influence threshold, provide a conservative image of 

adoption. That is because farmers have small social networks and large social thresholds. In 

reality, network size could vary between farmers and positive experiences of scheme 

enrollment could disseminate beyond a landowner’s immediate social network and attract 

more enrollers in each of the three schemes. Therefore, individual information on farmers and 

their networks would be favourable for making more accurate predictions than a general rule. 

Similar limitations were observed in modelling the dynamics and dissemination of agri-

environmental schemes on European farms (Weisbuch and Boudjema, 1999).  

 

The largest number of enrollers in each of the three interventions was driven by the 

introduction of financial incentives. This importance of financial compensation for lost 

income from land no longer used for crop production has been previously reported (examples 

in Darnhofer and Walder, 2014). However this pattern is not uniform and the importance of a 

financial incentive for scheme adoption contradict the findings of Jóhannesdóttir et al. (2017), 

who report that farmers were less likely to participate in LS/LS interventions if they were to 

receive financial compensations. They attribute this behaviour to farmers in Iceland not being 

familiar with the concept of agri-environmental schemes. While farmers in the Nilgiris study 

area are similarly unacquainted with such interventions, they were observed, during the RPG, 

comparing the profitability of their land with the size of a financial incentive before deciding 

whether to enrol in schemes or not. 

 

Financial incentives for joining a scheme were most important for Forest Plantations (Scheme 

B) followed by Wildflower Meadows  (Scheme A) and to a lesser extent for Tree 

Intercropping (Scheme C). This pattern is largely anticipated given that Forest Plantations 

were the least popular intervention and financial motivations were expected to be the main 

leverage for attracting enrollers (see Table 7.3). In contrast the comparatively low importance 

of a financial incentive in driving enrolment in Tree Intercropping (Scheme C) was not 

expected. The ABM showed that Intercropping was preferred by less financial secure 

households in comparison with Wildflower Meadows, which attracted more financially secure 

households. It was therefore predicted that financial incentives would play a more important 

role in encouraging the adoption of Intercropping. There is a growing realisation that smaller 
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and less profitable farms are not necessarily more prone to financially motivated behaviour 

and there are many regional differences in the extent to which finance is the prime driver of 

land use decision-making (Wilson and Hart, 2000). 

 

The model predicts that many of the financially motivated enrollers adopted the schemes even 

when the financial incentive was as low as 0 INR. This is the result of households having 

negative returns on their tea farms. As discussed in the earlier chapters (see Section 4.3.4) 

farm unprofitability represents a reality not only for farmers in Nilgiris but across all states of 

India (Narayanamoorthy, 2006). Further, all tea growers enrolled in the interventions at 

incentive levels lower than the baseline value, whereas only about half of the agricultural 

landowners did at the same level, showing the difference between the profitability of the two 

crops (see Section 4.3.6). It is believed that the assumption made in the model, by which 

farmers decide to enrol based on a direct comparison between the profitability of the farm and 

the level of incentive, reflects local realities. However, this is not likely to be the only driver 

for real farmers in the Nilgiris landscape. Other considerations such as ease of farm 

management for example are likely to deter some of the enrollers at small compensation 

levels. This adds complexity to the already intricate decision of choosing an optimal level of 

incentive given the differences observed by the two land uses. Nevertheless the model 

strongly suggests that, from the three interventions, Tree Intercropping is probably the only 

scheme for which a lower level of incentive, set at around 60% of the current value, would 

likely lead to similar levels of enrolment.  

Adjusting the incentive levels will also have to consider the effect it produces on the social 

network. Similarly, to the effect pro-environmental adopters have on the diffusion of the 

interventions in the landscape, the enrolment motivated by monetary rewards has a cascading 

effect on scheme uptake by expanding the social network of adopting members.  

The observation of preferences according to the area of land a farm has and its comparative 

wealth has implications for policy makers. Such trends allow a potential match of 

interventions to landowners not only based on motivations but also tailored to the needs of the 

different groups that can maximize both enrolment but also the financially efficiency of 

interventions (Wilson and Hart, 2000, Greiner and Gregg, 2011, Greiner, 2015). 

Finally, one of the most important emerging phenomena in the ABM is the minimal 

difference observed in scheme uptake (without FI) when running the interventions 

individually or with all schemes. This shows that the schemes were attractive to different 
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kinds of households (as expected, given the different farming practices preferences-see 

Section 4.3.7.4). Therefore, it did not trigger any particular social trade-offs that needed to be 

resolved. The alternatives are rather complementary. For proponents of the LS/LS framework 

this has important implications for understanding the limitations of promoting one 

intervention over the other in landscapes where both strategies are favoured. By choosing to 

promote any one intervention means attracting a smaller number of farmers in supporting 

local biodiversity. This means not capitalising on the maximum gain that could be obtained 

for enhancing local biodiversity. However, in case of a limited policy implementation budget, 

when only one intervention could be implemented, the solution could be indeed dictated by 

the most favourable strategy for biodiversity.  

8.5 Conclusion 
The outcomes of this chapter show there is potential for both LS/LS strategies to meet the 

expectations of land users in agricultural systems of the Nilgiris in a complimentary way. The 

chapter provides empirical evidence of the importance of understanding the attitudinal fabric 

of a small and otherwise seemingly homogeneous community (Badaga), which is intrinsically 

linked to the existence of multiple alternative motivations to engage in LS/LS policies. The 

heterogeneity of preferences among recipients of environmental policies has shown that land 

use policies require understanding the motivations of individuals to participate in new 

conservation activities in order to be flexible and adaptive. Finally, the chapter demonstrated 

that uncovering the latent diversity of perspectives for adoption and the diversity of land use 

farming preferences are important factors that influence the cost-effective design and 

implementation of conservation interventions through financial incentive schemes. 

The next chapter will look into understanding how the adoption of these three interventions 

impacts on local biodiversity, production along with households’ livelihoods and food 

security.  
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Chapter 9 
 

Evaluating the environmental and socioeconomic 
implications of land use interventions using PLUSES 

9 9"

9.1 Introduction 
The effectiveness of LS/LS approaches to conservation, in the face of rising agricultural 

demands, have been widely debated (Tscharntke et al., 2012, Fischer et al., 2014, Kremen, 

2015). While numerous studies have investigated the relationship between food production 

and biodiversity (e.g. (Phalan et al., 2011), Chandler et al., 2013, Hulme et al., 2013) the 

relevance of the  LS/LS framework to applied scenarios depends on a broader range of factors 

than has previously been considered. For example, socioeconomic factors play an important 

role in determining the choice between the two strategies, but only a handful of studies under 

the LS/LS framework (e.g. Steffan-Dewenter et al., 2007, van Vliet et al., 2012, Lee et al., 

2014) have engaged with them. This small pool of studies shows that when they are 

considered, the choice between the two strategies is less clear than in the outcomes of 

biodiversity density-yield studies. Focusing on the ecological evidence and demeaning the 

importance of socioeconomic aspects leads to premature conclusions that can ultimately cause 

further harm to biodiversity (Phelps et al., 2013).  

This chapter focuses on these limitations by proposing to assess how LS/LS interventions 

compare, not only in terms of food production and biodiversity conservation but also in terms 

of other socioeconomic factors, such as food security and livelihood aspects. The chapter uses 

the PLUSES simulator to assess the relative impact of the three LS/LS interventions adopted 

by the Nilgiris farmers (discussed in Chapter 8) on a range of socioeconomic and 

environmental factors. This chapter ends Part IV of the thesis, which compares the 

environmental and the socioeconomic implications of LS/LS interventions under different 

scenarios.  
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9.2 Data and Methodology 
 

This chapter uses PLUSES simulator to test the socioeconomic and environmental 

implications of the uptake of the three LS/LS environmental policy interventions tested in 

Chapter 8: Wildflower Meadows (Scheme A), Forest Plantation (Scheme B) and Tree 

Intercropping (Scheme C). To understand the impact of adoption a suite of output metrics are 

used (Table 9.1).  

Results will be presented following the order of the metrics in Table 9.1. The results of one 

metric group are followed by an interpretation of the observed results. This format has been 

used to enable the reader to follow the results, as the chapter contains many comparisons 

between multiple scenarios. 

 
Table 9.1  Data type and ABM output metric.  

Metric group  Metric 

Land use change 
• Land use change by land use type at the landscape level over time (quantitative). 
• Changes in farm types by land use change (quantitative). 

Biodiversity 
outcomes 

 

• The total number of trees cultivated (quantitative); 
• The total number of trees by age group (quantitative); 
• Landscape connectivity and fragmentation: 

- The number and size of clustered patches/components spared for conservation 
(quantitative); 
- Demonstrative maps of fragmentation from villages (qualitative).  

Production 

• Farm spending (quantitative); 
• The total numbers of farms that experienced an increase or decrease in production 

as a result of scheme enrolment (quantitative); 
• Production changes at the landscape level (quantitative). 

Economic outcomes 
 

• Median Income (quantitative); 
• Gini coefficient based on total income (quantitative); 
• Households below the poverty line (quantitative)-see Section 4.2 for definition of 

poverty line 

Food security 
• The proportion of food retained for household consumption (quantitative); 
• The percentage of households by food budget groups (quantitative). 

 

As in Chapter 8, the metrics outlined in Table 9.1 are measured at the end of 30 years of 

simulation and averaged over 20 simulation runs. The metrics are measured for each of the 

nine agri-environmental scheme scenarios (Table 9.2).  
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Table 9.2 The nine scenarios tested using PLUSES simulator  

No. Scenario Description 

01 No Schemes Business-as-usual. Simulation running with no policies interventions in the 
landscape.  

02 A only + No FI Scheme A land use policy is introduced in the landscape, but it carries no financial 
incentive. Scheme B and C are switched off. 

03 B only + No FI 
Scheme B land use policy is introduced in the landscape, but it carries no financial 
incentive. Scheme A and C are switched off. 

04 C only + No FI 
Scheme C land use policy is introduced in the landscape, but it carries no financial 
incentive. Scheme A and B are switched off. 

05 All + No FI 
All schemes are running in the landscape, but they carry no financial incentive.  Land 
users can select any one of the schemes, two schemes or all three. 

06 A only + FI 
Scheme A land use policy is introduced in the landscape and it carries a financial 
incentive. Scheme B and C are switched off. 

07 B only + FI Scheme B land use policy is introduced in the landscape and it carries a financial 
incentive. Scheme A and C are switched off. 

08 C only + FI 
Scheme C land use policy is introduced in the landscape and it carries a financial 
incentive. Scheme A and B are switched off. 

09 All + FI 
All schemes are running in the landscape and they carry a financial incentive. 
Land users can select any one of the schemes, two schemes or all three. 

 

One-way analysis of variance (ANOVA) and Tukey’s Honest Significant Difference (HSD) 

test were used to test for statistically significant differences between pairs of metric output 

means.  

 

To assess how sensitive the output metrics are to changes in model settings, sensitivity testing 

was performed on a range of indicators (Table 9.3) following the same methodology outlined 

in Chapter 8 (see Section 8.2.). 

The results of the sensitivity testing are always presented by comparing the results of the 

scenario under the baseline value with the other values of the same indicator. 
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Table 9.3 Table indicating the values of each indicator parameter that were tested against eight output metrics during the 
sensitivity testing of PLUSES. The baseline value of an indicator is identified by (B). 

 
 

 

 

 

 

Output 
metrics Indicator parameters 

 Initial household 
balance 

Social 
Influence 
Threshold 

Financial 
Incentive 

Timbe
r sale 

Agency 
buys land 

Bonus for 
connectivity 

Production 

 

0 
(B

) 

5 
tim

es
 th

e 
in

iti
al

 
ho

us
eh

ol
d 

in
co

m
e 

-5
 ti

m
es

 th
e 

in
iti

al
 

ho
us

eh
ol

d 
in

co
m

e 

5 
lin

ks
 (B

) 

0 
lin

ks
 

65
00

 IN
R

 p
er

 p
at

ch
 fo

r 
Sc

he
m

e 
B

. 
50

00
 IN

R
 p

er
 p

at
ch

 fo
r 

Sc
he

m
es

 A
 a

nd
 C

. (
B

) 
D

ou
bl

e 
th

e 
ba

se
lin

e 
In

ce
nt

iv
e 

A
llo

w
ed

 (B
) 

N
ot

 a
llo

w
ed

 

A
llo

w
ed

 (B
) 

N
ot

 a
llo

w
ed

 

0 
IN

R
 

10
00

 IN
R

 p
er

 p
at

ch
 (B

) 

40
00

 IN
R

 p
er

 p
at

ch
 

A
 1

0%
 in

cr
ea

se
 fo

r 
Sc

he
m

es
 A

 a
nd

 B
,  

a1
0%

 
de

cr
ea

se
 fo

r S
ch

em
e 

C
 (B

) 

D
ou

bl
e 

th
e 

ba
se

lin
e 

ch
an

ge
 

in
 p

ro
du

ct
io

n 
ou

tp
ut

 

Biodiversity 
outcomes                 
Total number 
of trees 
cultivated 

       X X X X      

Age of trees X X X     X X X X      

Landscape 
connectivity 
and 
fragmentation 

   X X     X X X X X   

Economic 
outcomes                 
Income 
variation      X X        X X 

Gini 
coefficient      X X        X X 

Households 
below 
poverty line 

X X X   X X        X X 

Food 
security                 
Food retained 
for 
consumption 

     X X        X X 

Food 
spending X X X   X X        X X 
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9.3 Land use and land cover change results and interpretation 

9.3.1 Land)use)and)land)cover)change)results)

9.3.1.1 Land)use)and)land)cover)change)over)30)years)of)simulation)

Land use and land cover (LULC) change is analysed within the boundaries of the villages, as 

farmers in the model do no interact with the land outside of the village borders. At 

initialization the modelled landscape is formed of 60.03% forest cover, which is almost 

entirely under Forest Department protection. Additionally 18.29% of the area is: arable and 

plantation land, 15.93% rocky land, 2.66% settlements and 3.09% other land uses.  

 

The simulation is run for 30 years with all the interventions present in the landscape. There 

are important land use changes that can be observed within the boundaries of the villages. The 

changes observed mostly affect areas categorised as arable and tea plantation land (Table 9.4, 

Figure 9.1).  

 
Table 9.4 The percentage of the landscape covered by different land use and land cover types at the beginning and end of the 
simulation. The simulation was run with all schemes available for enrolment and with financial incentives in place to 
encourage enrolment. 

Land use 
Initial 

percentage of 
LULC 

End of simulation 
percentage of 

LULC 
Tea land: not enrolled in schemes (Unenrolled Tea) 90.09 44.88 
Agriculture land: not enrolled in schemes (Unenrolled 
Agriculture) 9.91 31.92 

Forest land: not enrolled in schemes (Unenrolled Forest) 0 3.48 
Tea land: enrolled in Scheme A (A Tea) 0 0.44 
Agriculture land: enrolled in Scheme A (A Agriculture) 0 7.85 
Forest land: enrolled in Scheme B (B Forest) 0 1.49 
Tea land: enrolled in Scheme C (C Tea) 0 7.66 
Agency Forest 0 2.28 

 



 294 

 
Figure 9.1 The change in the number of patches per LULC type within the landscape over 30 years of simulation. The 
simulation was run with all schemes available for enrolment and with financial incentives in place. The results refer to the 
total area within the boundaries of the study villages. “Unenrolled” refers to the land that is owned by farmers and is not 
enrolled in any of the Schemes.  

 

The most significant change is the increase of cropland and a corresponding loss of tea land. 

Over the simulated period the area of tea land decreases by 50%, from 11,760 patches 

(SD=1352) to 5,858 patches (SD=365). During the same period the area of agricultural land 

increases by 300%, from 1,294 patches (SD=98) to 4,164 patches (SD=267). An important 

increase is also observed in the extent of forested land. At the start of the simulation no forest 

cover exists within the village boundaries. After 30 years 946 patches are present, this equates 

to 7.25% of LULC. Forested land is predominantly found on private land 48% (454 patches, 
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but enrolled under Forest Plantations (Scheme B). The remaining 32% (298 patches, SD=15) 

of forestland is owned by the Agency.   

After 30 years of simulation, tea plantations enrolled in Tree Intercropping (Scheme C) and 

agricultural land or tea plantations enrolled in Wildflower Meadows (Scheme A) have also 

increased their area of coverage within the landscape. The land enrolled in Schemes A 

(8.29%) and C (7.66%) covers areas similar to that of the total forest cover (Table 9.4). 

A sustained preference for Scheme A is observed among agricultural farms and for Scheme C 

among tea growers.  

9.3.1.2 Changes)in)farm)types)by)land)use)))

There are four main types of households in the landscape: landless, vegetable only farms, tea 

only farms and mixed farms.  

Under the “No Schemes” scenario, (after 30 years of simulation), landless households account 

for 35% of all households in the landscape (349.05 households, SD=16.05, n=993). Their 

main source of income comes from off-farm sources. Of the 644 households that own land the 

most common type of landholding was mixed farms that own both tea plantations and 

vegetable land. These mixed farms account for 58% of all farmsteads (371.65 households, 

SD=18.08). Those that own only tea land (171.80 households, SD=12.44) or only vegetable 

land (101.10 households, SD=10.52) represent 27% and 15% of the total farmsteads 

respectively. 

The number of vegetable farms does not vary with statistical significance between model 

initialisation and the simulation’s conclusions regardless of the scenario [F(8, 171)=1.22, 

p=0.273]). Similarly, there is no statistically significant change in the number of landless 

households across any of the scenarios tested [F(8, 171)=0.017, p=0.99]. 

In contrast the number of tea farms and mixed farms do vary between model initialisation and 

the simulation’s conclusions depending on the implemented scenario. In the “No Schemes” 

scenario a 62% reduction in the number of tea farms is observed over the 30-year simulation 

(from 463.95, SD=12.65 to 171.8, SD=12.43). 

A simultaneous 49% increase in mixed land use farms is observed (from 189.5, SD=8.84 to 

371.65, SD=18.08). This change can be observed in the land use maps of all the villages 

under study (Figure 9.2). 
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Figure 9.2 An example land use map showing Milidhen village at the models’ initialization and conclusion under the “No 
Schemes” scenario. The land uses are colour coded as follows: tea (light green), agriculture (yellow), forest (dark green) and 
rocky land (grey).  
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01. No Schemes  scenario 
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For owners of tea and mixed farms the introduction of schemes, either individually or 

simultaneously, without any financial incentives, did not generate a statistically significant 

change in land use when compared with the change observed under the “No Schemes” 

scenario (Figure 9.3, Table 9.5). 

When Scheme A was accompanied by a financial incentive for scheme adoption, statistically 

significant increases in the conversion of tea farms to mixed farms over that already seen in 

the “No Schemes” scenario was observed (Figure 9.3, Table 9.5). The same pattern of 

increased conversion of tea land to mixed cultivation land was observed when all the Schemes 

were available simultaneously and accompanied by a financial incentive, “All +FI”. In both 

cases the conversion of tea only farms to mixed farms resulted in a 17% increase in the 

number of mixed farms (Figure 9.3, Table 9.5). 

 

 
Figure 9.3 The number of households by landholding type owned averaged over 20 simulations at the end of 30 years of 
simulation predicted by the model under nine scenarios. Vertical bars indicate the margin of error of the mean values at a 
95% confidence interval.  
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Table 9.5 One-way ANOVA results of the number of landholdings pre and post simulation, by land use type, under nine 
scenarios. Tukey’s HSD post hoc results between pairs of scenario groups are also shown. Statistically significant differences 
(p < 0.05) between pairs of scenarios are shown in bold and marked with an asterisk. 

Tea farms 
ANOVA F(8, 171) = 110.67, p < 0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme A 
Only + No 

FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 9.35 -       

Scheme B Only + 
No FI 0.30 9.05 -      

Scheme C Only + 
No FI 0.95 10.30 1.25 -     

All Schemes + No 
FI 14.05 4.70 13.75 15.00 -    

Scheme A Only + 
FI 78.9* 69.55* 78.6* 79.85* 64.85* -   

Scheme B Only + 
FI 3.60 12.95 3.90 2.65 17.65 82.5* -  

Scheme C Only + 
FI 7.00 16.35 7.30 6.05 21.05* 85.9* 3.40 - 

All Schemes + FI 83.85* 74.5* 83.55* 84.8* 69.8* 4.95 87.45* 90.85* 
Mixed farms 

ANOVA F(8, 171) = 109.99, p < 0.001 

Tu
ke

y’
s H

SD
 te

st
 

 No 
Scheme 

Scheme A 
Only + No 

FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 12.25 -       

Scheme B Only + 
No FI 1.95 10.3 -      

Scheme C Only + 
No FI 0.5 11.75 1.45 -     

All Schemes + No 
FI 15.5 3.25 13.55 15 -    

Scheme A Only + 
FI 76.45* 64.2* 74.5* 75.95* 60.95* -   

Scheme B Only + 
FI 3.3 15.55 5.25 3.8 18.8* 79.75* -  

Scheme C Only + 
FI 1.7 10.55 0.25 1.2 13.8 74.75* 5 - 

All Schemes + FI 85.75* 73.5* 83.8* 85.25* 70.25* 9.3 89.05* 84.05* 

 

9.3.2 Land)use)and)land)cover)change)discussion)
In terms of LULC change PLUSES forecasts two important emerging phenomena.  The first 

and most surprising one (which shares similarities with the RPG outcomes) is the rapid 

conversion of tea land into vegetable land, even in the absence of schemes in the simulation. 

Studies carried out in the Nilgiris describe the area under agro-horticulture as having reduced 

by 25% between 1973 and 2009 (Lakshumanan et al., 2012) and a further reduction is 

reported between 2013 - 2016 (Mamtha et al., 2016). Both studies fail to provide a definition 

for what type of crops fall under agro-horticulture category but do report specific figure for 

changes in (the area) of tea plantations. Lakshumanan et al. (2012) reported a 10% decrease in 
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tea plantations area between 1973 and 2009 whilst Mamtha et al. (2016) described an increase 

of 10% between 2013 and 2016. In contrast the Department of Economics and Statistics 

(2017) and Horticulture Department (2015) describe the area under tea cultivation as static 

between 2012 and 2016. These ambiguous results are of limited value for validating the future 

trends in the area of land covered by tea plantations as predicted by PLUSES.  

Whilst absolute published figures on changes to tea plantation area are of limited value, both 

the model itself and the published literature provide valuable information regarding the trend 

of converting tea land to agricultural production. In the model, the fact that vegetable only 

farms are found within the same range throughout all the scenarios, suggests that most of the 

tea farms do not convert all their tea land to vegetable land. The conversion of tea land to 

vegetable cultivation, even in the absence of interventions occurs as a result of low tea prices 

and the higher profitability of agricultural land. Venugopal (2004) and Thiagarajan (2014) 

note that the conversion of tea land to vegetable crop land in the Nilgiris is expected to 

accelerate following sustained years of low tea prices.  

The pace at which tea land is predicted to be converted to agricultural production by the 

PLUSES model is probably an exaggeration of the rate expected in reality. The assumptions 

made in the model, regarding farmers’ decision-making around profitability of land and 

conversion, are the cause of this accelerated process. The assumptions and their implications 

are detailed in Section 7.7.1.  

By introducing the individual schemes a further conversion from tea to vegetable land occurs 

exclusively under Wildflower Meadows  (Scheme A) and only when it is supplemented by a 

financial incentive. This result is difficult to explain. The only likely justification is that Tree 

Intercropping (Scheme C) adds value to tea land and discourages conversion to vegetable 

land. A similar outcome was observed in the RPG (see LULC in Section 6.3.2.2). Further 

investigation to better understand this process and inform the local policies is needed.  

 

The second noteworthy outcome of the model is the increase in areas under agroforestry, 

wildflower meadows and forest plantations. Unlike the RPG, the use of the ABM provides an 

important dimension; that of understanding the scale of the land enrolled under the three 

interventions at landscape level. The lands enrolled in each scheme individually cover small 

areas of similar sizes (around 7-8% of LULC), but when put together these lands cover more 

than a quarter of the total area of the villages. This has significant implications for policy 

makers because it demonstrates that by placing the aspiration of the farmers at the core of the 
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decision-making the heterogeneity of habitats might be a key solution in human-modified 

landscapes, supporting the findings of previous studies carried in Western Ghats (Anand et 

al., 2010, Garcia et al., 2010, Karanth and DeFries, 2010, Karanth et al., 2016). The findings 

are relevant and could provide valuable policy information to other similar human-modified 

landscapes around the world that feature habitat heterogeneity and structural complexity 

while retaining considerable native forest cover, such as Mexico (Greenberg et al., 1997), the 

Dominican Republic (Wunderle, 1999) and Colombia (Armbrecht et al., 2005). In Nilgiris, 

the importance of understanding farmers’ individual choices is also supported by the fact that 

after 30 years of simulation more conservation habitat occurs on private farms than is owned 

by the Agency. Thus, it is important to focus conservation efforts on both private and state 

owned conservation land. In the Peruvian Amazon it was shown that private lands growing 

forest were on average more effective in avoiding deforestation and degradation than state 

protected areas, showing that local governance can be equally or more effective than 

centralized state regimes (Schleicher et al., 2017) 

 

A limitation of the model is that it does not simulate the interaction between the villages and 

the forest found in the protected areas due to limited data availability on the processes that 

occur in the landscape. Factors such as tourism, house expansion and land abandonment will 

all play an important part in understanding these interactions (Venugopal, 2004, Chetan et al., 

2012, Mamtha et al., 2016), which could lead to both an increase and decrease in the pressure 

on forests. In the model the forest, currently under protection, remains constant but PLUSES 

could be expanded in the future to include some of the interactions mentioned. 

 

9.4 Biodiversity conservation outcomes and interpretation 

9.4.1 Biodiversity)conservation)results)

9.4.1.1 Total)number)of)trees)cultivated)

The total number of trees cultivated in the landscape is a combined total of tree numbers from 

four sources: 

i) The total number of trees on farmers’ land at the beginning of the simulation; 

ii) The total number of trees replanted by farmers on the farm after trees have been 

harvested and sold for timber; 
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iii) The trees planted by farmers through enrolment in Schemes B and C;  

iv) The trees planted on the land bought by the Agency.  

 

Within the study trees are classified as exotic or native species. The model assumes that when 

a tree is harvested for timber it is replaced with a sapling of the same species. Therefore under 

the “No Schemes” scenario where no schemes or Agency are present within the landscape to 

influence the cultivation of trees the total number of trees and the proportion of exotic to 

native trees in the landscape is the same at model initialization and the simulation’s 

conclusion. Under the “No Schemes” scenario 4 times more exotic trees are cultivated in the 

landscape (26,600 trees, SD = 2,353), than native trees (6,424 trees, SD=1175).  

 

The total number of native trees in the landscape shows a statistically significant increase 

under all scenarios when compared to the “No Schemes” scenario (Figure 9.4, Table 9.6). The 

total number of exotic trees shows little or no variation across all the different scenarios 

(F(8,171)=0.0013, p=0.999). In all instances running the simulation with all schemes 

simultaneously, with or without a financial incentive, significantly increases the cultivation of 

native trees when compared with running one scheme at a time (Figure 9.4, Table 9.6). 

 

 
Figure 9.4 The total number of native trees cultivated by landholdings, as predicted by the model under nine scenarios after 
30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence interval.  
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Table 9.6 One-way ANOVA result of total number of native tress cultivated under different simulation scenarios and 
Tukey’s HSD post hoc results between pairs of scenario groups. Statistically significant differences (p < 0.05) are shown in 
bold and marked with an asterisk. 

Native trees 
 ANOVA F(8,171)=749.7, p<0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme 
A Only 
+ No FI 

Scheme 
B Only 
+ No FI 

Scheme 
C Only 
+ No FI 

All 
Schemes 
+ No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 7725* -       

Scheme B Only + 
No FI 3199* 4525* -      

Scheme C Only + 
No FI 9307* 1582.1 6107* -     

All Schemes + No 
FI 20477* 12752* 17278* 11170* -    

Scheme A Only + 
FI 6845* 879.5 3646* 2461.6* 13632* -   

Scheme B Only + 
FI 12083* 4358* 8883* 2775.9* 8394* 5238* -  

Scheme C Only + 
FI 17724* 9999* 14524* 8417* 2753.3* 10879* 5641* - 

All Schemes + FI 37170* 29450* 33980* 27868* 16698* 30329* 25092* 19451* 
 

When a scenario with a financial incentive is compared to the same scenario without a 

financial incentive a statistically significant increase in native trees is observed in almost all 

cases (Figure 9.4, Table 9.6). The only exception is for the scenarios where only Scheme A is 

available (Table 9.6). Under the financial incentive scenarios and all-scheme scenarios the 

number of trees is expected to grow or have the highest value, because of the higher 

enrolment and the cumulated effect of the three schemes.  

Probably the most noteworthy outcome of this metric is that “A Only + No FI”, increases the 

number of native trees in the landscape significantly more than “B Only + No FI”, despite A 

being a wildflower meadow scheme and B being a forest plantation scheme (Figure 9.4, Table 

9.6). This is related to the Agency’s behaviour and sensitivity testing revealed how this 

emergent process occurs. When a landowner is forced to abandon or sell their land, the 

Agency buys that land and plants the maximum number of native trees possible on that land 

(up to 200 trees per acre) and this happens more commonly under Scheme A than Scheme B. 

Sensitivity)testing)

Sensitivity testing shows that the number of trees is influenced by:  

i) The capacity of the Agency to buy land for conservation; 

ii) The restrictions on timber sell. 

Sensitivity testing of Agency behaviour was tested for when the Agency is allowed to buy 

land into conservation and plant trees (baseline) compared with not being allowed. A 

statistically significant difference in native tree numbers at the conclusion of simulations is 
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observed only under Scheme “A Only + No FI” [t(38) = 19.097, p < 0.001]. The number of 

native trees in the landscape, at the simulation’s conclusion, is halved (from 14,148 trees to 

6,400 trees) when the Agency is not permitted to buy and reforest abandoned land. For 

Scheme “B Only + No FI” and Scheme “C Only + No FI” an increase is also observed but it 

is not statistically different from baseline behaviour [t(38) = 0.251, p = 0.803; t(38) = 0.774 

p=0.443]. The Agency therefore plants more trees on land bought under Scheme “A Only + 

No FI” than Scheme “B Only + No FI” or Scheme “C Only + No FI” even though the 

number of patches bought by the Agency doesn’t vary significantly between the three 

schemes (Figure 9.5).  

 
Figure 9.5 Total number of patches bought by the Agency into conservation, as predicted by the model under nine scenarios 
after 30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence interval. 

The ability of landowners to sell timber or not also influences the total number of trees in the 

landscape. When the schemes carry a financial incentive a statistically significant 9% increase 

in the number of native trees (from 13,252 trees to 14,543 trees) was observed under Scheme 

A when the sale of timber was restricted [t(38)=3.945, p < 0.001]. Schemes B and C showed 

no statistical difference in the number of native trees between the sale of timber being 

restricted or permitted [t(38)=0.493, p=0.624; t(38)=1.465, p=0.151]. 

9.4.1.2 Age)of)trees)

When the simulation runs with the “No Schemes” scenario the number of trees over 15 years 

old (28,858.55 trees, SD=2969.17) is considerably higher than both the number of trees under 
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10 years old (2,786.95 trees, SD=942.64) and between 10 and 15 years old (3,091.68 trees, 

SD=1031.23; Figure 9.6).  

 

 
Figure 9.6 The number of trees by age predicted by the model under nine scenarios after 30 years of simulation. Vertical bars 
indicate the margin of error of the mean values at a 95% confidence interval.  

When individual schemes without financial incentives are introduced into the model the 

number of trees within the <10 and 10-15 age classes at the end of the simulation increases in 

comparison with the “No schemes” scenario (Figure 9.6). The increase in tree numbers 

generated by the inclusion of individual schemes without a financial incentive does not show 

a significant difference between Schemes A, B or C (Table 9.7).  
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Table 9.7  One-way ANOVA results of the total number of tress, by age group, under different simulation scenarios and 
Tukey’s HSD post hoc results between pairs of scenario groups. Statistically significant differences (p < 0.05) are shown in 
bold and marked with an asterisk. 

Trees Aged  less than 10 years 
 ANOVA F(8,171) = 161.02, p < 0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 205 -       

Scheme B Only + 
No FI 645 440 -      

Scheme C Only + 
No FI 208.4 3.4 436.6 -     

All Schemes + No 
FI 1353.8* 1148.8* 708.8 1145.4* -    

Scheme A Only + 
FI 91.75 296.75 736.7* 300.15 1445.5* -   

Scheme B Only + 
FI 1396.1* 1191.1* 751.1* 1187.7* 42.3 1487.8* -  

Scheme C Only + 
FI 1083.8* 878.8* 438.9 875.4* 269.95 1175.6* 312.25 - 

All Schemes + FI 3056.7* 2851.7* 2411.7* 2848.3* 1702.9* 3148.4* 1660.6* 1972.9* 
Trees aged 10 years or more but less than 15 years 

 ANOVA F(8,171) = 165.25, p < 0.001 

Tu
ke

y’
s H

SD
 te

st
 

 No 
Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 233.05 -       

Scheme B Only + 
No FI 690.9 457.9 -      

Scheme C Only + 
No FI 212.45 20.6 478.5 -     

All Schemes + No 
FI 1488.2* 1255.1* 797.3* 1275.7* -    

Scheme A Only + 
FI 118.4 351.5 809.3* 330.9 1606.6* -   

Scheme B Only + 
FI 1655.1* 1422.1* 964.2* 1442.7* 166.95 1773.5* -  

Scheme C Only + 
FI 1146.3* 913.2* 455.4 933.8* 341.9 1264.7* 508.8 - 

All Schemes + FI 3494* 3261* 2802.7* 3281* 2005.5* 3612* 1838.5* 2347.4* 
Trees age 15 years and over 

 ANOVA F(8,171) = 217.63, p < 0.001 

Tu
ke

y’
s H

SD
 te

st
 

 No 
Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 7225* -       

Scheme B Only + 
No FI 2205 5020* -      

Scheme C Only + 
No FI 8803* 1577.7 6598* -     

All Schemes + No 
FI 18134* 10909* 15929* 9331* -    

Scheme A Only + 
FI 6584* 640.8 4379* 2218.5 11549* -   

Scheme B Only + 
FI 9461* 2235.7 7256* 658 8673* 2876.5 -  

Scheme C Only + 
FI 15856* 8631* 13651* 7053* 2277.8 9272* 6395* - 

All Schemes + FI 31710* 24483* 29503* 22905* 13574* 25123* 22247* 15852* 
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In the absence of a financial incentive for scheme adoptions, in the over 15 years age class, 

only the inclusion of Scheme A and C increases the number of trees in comparison to the “No 

Schemes” scenario (Figure 9.6). The inclusion of Scheme B generates an increase that is not 

significantly different to the “No Schemes” scenario and is significantly lower than the 

increase produced by the introduction of Schemes A and C (Table 9.7). The effect of 

introducing individual schemes, without a financial incentive, to the number of trees 15 years 

old or more is similar to that seen for the total number of trees, where Scheme B also did not 

produce any noticeable difference to the no scheme scenario (Table 9.7). 

 

With the exception of Scheme A, adding a financial incentive to the schemes significantly 

increased the number of trees in each age class in comparison to scenarios where schemes 

have no financial incentive (Table 9.7).  

Sensitivity)testing)

Sensitivity testing shows that the number of trees by age group is influenced by:  

i) The level of initial household balance 

ii) Whether timber transactions are permitted or not  

iii) The capacity of the Agency to buy land for conservation. 

 

When the initial household balance is set to 5 times the annual income, the number of trees at 

the end of the simulation in the <10 and 10-15 year old age categories decreases under all 

three schemes with a financial incentive compared to the baseline setting where initial 

household balance is set to 0. The extent of the reduction in tree numbers varies across the 

schemes with “B Only + FI” and “C Only + FI” generating a 30% decline and “A Only + 

FI” generating a large 400% decline when household balances are increased in the models 

initial conditions. Trees that are over 15 years old show much smaller decreases of 5-10% 

under Schemes “A Only + FI” and “C Only + FI”, and an increase of 9% under Scheme “B 

Only + FI”.  

 

Sensitivity testing also shows that when the sale of timber is restricted within the model a 

decrease in the number of trees in the <10 and 10-15 year old age categories occurs. A 

corresponding increase in trees that are over 15 years old within the landscape also occurs 
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under each scenario [“A Only + FI” 20% increase, “B Only + FI” 13% increase and “C Only 

+ FI” 13% increase].  

 

The observed increase is larger under Scheme A, because the total number of trees in the 

landscape increases under Scheme A when there are restrictions on the sale of timber (see 

Section 9.4.1.1).   

 

The final factor revealed by sensitivity testing to influence the number of trees by age group is 

the Agency’s capacity to buy land for conservation. An agency that buys abandoned land and 

reforests it produces a simulation in which there are more trees that reach the >15 year old age 

category; with the scenarios “A Only + FI”, “B Only + FI” and “C Only + FI showing a 

29%, 12% and 9% increase in the total number of trees over 15 years old. Once again a larger 

increase is observed under Scheme A, because of its comparatively higher capacity to 

increase the total number of trees in the landscape (see Section 9.4.1.1).   

 

9.4.1.3 Landscape)connectivity)and)fragmentation))

This section assesses the spatial arrangement of patches of land set aside for biodiversity 

conservation within the modelled landscape and therefore only Schemes A and B are relevant. 

In calculating the landscape connectivity under the two schemes the forested patches that are 

owned by farmers (and are not in the schemes) or were set aside for conservation by the 

Agency were also included. The impact of the Agency under each scheme is reported 

alongside sensitivity testing, at the end of this section. 

The connectivity in the landscape is assessed using two metrics: the number of components 

(using Normalised Network Metric Value) and the average size of the components. The 

patches owned by households or by the land agency and converted to forest or enrolled in 

Wildflower Meadows are referred to as nodes. A network component is any set of nodes for 

which every member of the scheme has its land connected directly or indirectly to every other 

member, and no member is connected to a non-member. The metric was standardized by 

dividing by the total number of nodes in the landscape (n), so that it varies between 1/n (close 

to 0) and 1 (i.e. Normalised Network Metric Value). Given an equal number of patches set 

aside for biodiversity a smaller number of components indicates a higher degree of 

connectivity in the landscape (Figure 9.7). 
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The average size of the component refers to the mean number of nodes that form a 

component.  

 
 

 

 

 

 

 

 

Figure 9.7 Connectivity of the land set aside for conservation  

 

Under Scheme B, with or without a financial incentive, both a smaller number of components 

and a higher average size were generated compared to Scheme A and All Schemes scenarios 

(Figure 9.8, Table 9.8). Between Scheme A and All Schemes, the latter generates a smaller 

number of components with a larger average size when financial incentives are both present 

and absent (Figure 9.8, Table 9.8). 

 

Patches enrolled under Scheme “B Only + FI” are more clustered, resembling the 

configuration of Figure 9.7b compared to patches enrolled under the “A Only + FI” scenario, 

which are more similar to Figure 9.7d, particularly in Kaggula village (Figure 9.9). 

0 1 
Normalised Network Metric Value-Number of components  

a b c d e 
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Figure 9.8 Total number of components and the mean component size predicted by the model under six scenarios, after 30 
years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% confidence interval.  
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Table 9.8 One-way ANOVA results of the number of components and the size of the largest component under different 
simulation scenarios and Tukey’s HSD post hoc results between pairs of scenarios. Statistically significant differences (p < 
0.05) are shown in bold and marked with an asterisk. 

 

Normalised Network Metric Value 
 ANOVA F(5,114)=369.47, p<0.001 

Tu
ke

y’
s H

SD
 te

st
  Scheme A Only 

+ No FI 
Scheme B Only 

+ No FI 
Schemes A and B 

+ No FI 
Scheme 
A+ FI 

Scheme 
B+ FI 

Scheme A Only + No FI -     
Scheme B Only + No FI 0.35* -    

Schemes A and B + No FI 0.08* 0.26* -   
Scheme A + FI 0.20* 0.15* 0.11* -  
Scheme B + FI 0.48* 0.12* 0.39* 0.28* - 

Schemes A and B + FI 0.36* 0.008 0.27* 0.16* 0.12* 
Average Component Size 

 ANOVA F(5,114)=252.29, p<0.001 

Tu
ke

y’
s H

SD
 te

st
  Scheme A Only 

+ No FI 
Scheme B Only 

+ No FI 
Schemes A and B 

+ No FI 
Scheme 
A+ FI 

Scheme 
B+ FI 

Scheme A Only + No FI -     
Scheme B Only + No FI 2.09* -    

Schemes A and B + No FI 0.25 1.83* -   
Scheme A + FI 0.75* 1.33* 0.49 -  
Scheme B + FI 5.50* 3.41* 5.25* 4.753* - 

Schemes A and B + FI 2.20* 0.11 1.95* 1.4558* 3.297* 
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 Figure 9.9 Land use maps showing the spatial distribution of patches enrolled under scheme “A Only + FI” and “B Only + 
FI” covering the areas of Kaggula (KAG), Nedugula (NED) and Sundatty (SUN) villages. Patches enrolled are coloured 
purple. Note: The map only refers to the patches enrolled in schemes, not the Agency land. 

 

06. A Only + FI  

07. B Only + FI   
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Sensitivity)testing)

To understand the effect of the Agency on landscape connectivity and fragmentation, 

sensitivity testing assessed the differences in the number and size of components when the 

model was run with and without the Agency buying land into conservation. In the “A Only + 

FI” scenario both the number and size of components varied significantly under different 

Agency behaviours [Number of components t(38)=27.174, p < 0.001; Size of component 

t(38)=4.578, p<0.001]. When the Agency buys land into conservation the total number of 

components increases by about 42% and the average size of the component increases by 17%. 

Under Scheme “B Only + FI” no statistically significant difference in the number of 

components and the average size of component was observed between the two Agency 

behaviours [Number of components t(38)=0.487, p=0.628; Size of component t(38)=0.773, 

p=0.444].  

Sensitivity testing was also performed on the Social Influence Threshold (SIT) and it was 

found that it only influences the component size under Scheme “A Only + FI”. The average 

size of the largest component increases by about 27% when there is no SIT, compared to the 

baseline scenario [t(38)=4.868, p < 0.001].  

9.4.2 Biodiversity)conservation)discussion)
The results show that all three interventions generate positive outcomes for biodiversity, but 

the benefits manifest differently across the schemes. While most of the biodiversity related 

processes and the metrics used to measure aspects of biodiversity show expected changes, 

there are some surprising results that were only possible to observe through the use of the 

ABM. 

Firstly, the number of exotic trees in the landscape stays the same across all the scenarios. 

This indicates that farmers continue to cultivate exotic trees on their land when they sell 

timber. With the introduction of Forest Plantations and Tree Intercropping (for simplification 

I will use ‘Intercropping’), almost all households that enrol choose to cultivate native trees 

even if they are given the choice between native or exotic species. This is one of the most 

surprising outcomes of this research given that plantation economics along with public 

policies have driven landowners to gradually replace the original diversified cover with exotic 

shade trees such as Silver Oak (Grevillea robusta), which grows fast and can be easily traded 

as timber. In the Nilgiris, this led the Forest Department to only provide exotic tree saplings to 

farmers. The finding is important for policy makers, organisations or public institutions 

because it demonstrates that local farmers value native biodiversity and there is room to 
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increase the presence of native trees on the farms. However, some authors (Garcia et al. 2013) 

draw attention to the perverse outcomes that tree tenure security can have on jungle wood 

species on farms. Outcomes should also be balanced with the model assumptions around 

native trees (survival rate and farmers’ choice) that are discussed later in this section.  

Further, unexpected results were observed in the scenarios without a financial incentive. Here 

Wildflower Meadows generated an increase in the number of native trees greater than that of 

Forest Plantations and almost as high as Intercropping. Sensitivity testing showed this 

emerging process is likely a complex interplay between timber sales, land transactions 

(abandonment) and land that is dropped out of schemes. The findings suggest that the more 

communities face financial struggles and are forced into selling timber and ultimately 

abandoning land, the better opportunities for the conservation of biodiversity. It has been 

demonstrated that biodiversity conservation can indeed benefit from land abandonment, both 

locally (Chetan et al., 2012) and globally (e.g. Parrotta et al., 1997, Cramer et al., 2008, Sloan 

et al., 2016). However, abandonment doesn’t lead per se to habitat that is of greater 

biodiversity value (Troiani et al., 2016). As such the presence of the Agency is still important 

in the landscape to ensure that where land does become available the biodiversity returns are 

maximised. Given the focus of this study, the social dimension of land abandonment is also 

important. What happens with the households when they are forced to abandon their lands? 

Whom do they sell their properties to and what do the new buyers intend for the land? These 

are important questions that need to be further addressed, as they are equally important in 

determining the future opportunities or threats for local biodiversity and food production.   

 

Another important and unforeseen outcome emerges when increasing farmers’ initial budgets. 

A substantial decline in the number of trees, especially in younger tree groups, across all three 

interventions is observed. Households are less likely to cultivate trees, for sale as timber as a 

potential financial safety net, when they have alternative sources of income to cope with 

financial pressure. Thus, greater financial wealth across the landscape influences the number 

of trees in a negative way. This has important implications for the design of the policies in the 

area. It draws attention on the possible effects of increasing wealth that might act in the 

detriment of conservation as many studies around the globe have demonstrated (Kaimowitz 

and Angelsen, 1998, Geist and Lambin, 2002, Kusters et al., 2006, Polimeni, 2012, Jepma, 

2014, Busch and Ferretti-Gallon, 2017). It will be necessary for regional development policies 
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to identify such potential negative impacts if biodiversity loss as a result of poverty alleviation 

is to be avoided.  

 

The findings of this study, regarding the total number of trees and the age of trees need to be 

understood in relation to some of the assumptions made in the development of the model. 

Firstly, the model assumes that all new trees planted have a survival rate of 100%. The total 

number of native trees in the landscape is therefore likely to be inflated compared to what is 

expected in real life. A study of native trees’ survival rate in Western Ghats shows a broad 

range between 34.4 and 90.3% under different site conditions (Raman et al., 2009). Data of 

this type was not available in the Nilgiris necessitating the use, in the model, of a survival rate 

that was uniform across all sites and interventions. This uniformity means that despite the 

likely elevation in absolute tree numbers, the patterns of tree numbers and age that occur 

between the three schemes are not affected.  

Secondly, native trees are defined in a broad and general sense. There is no distinction made 

between particular species of jungle wood. In the model it is assumed that farmers have an 

equal likelihood to plant any native tree species. In reality it is expected that factors such as 

ease of pruning, depth of roots (which can affect tea plants), the price of timber and speed of 

growth would have an important influence on farmers’ planting decisions. Research aiming to 

understand if current fast growing and economically viable exotic species can be replaced by 

native species equivalents is starting to emerge and the outcomes look promising. For 

example, in Kodagu district of Western Ghats Acrocarpus fraxinifolius, a native tree species 

was found to produce timber at rates equivalent to those of exotic species, Grevillea robusta 

(Nath et al., 2011).  

Lastly, the model assumes that for every tree cut, the landowner plants a new one of the same 

species. This is certainly a strategy applied by the Nilgiris farmers, but the extent to which it 

manifests across farms has not been documented. The rule applied in the model was selected 

in order to avoid making more intricate assumptions about the rate of replanting and species 

choice replanting. The effect of this assumption is that the total number of trees may again be 

overestimated. 

 

Moving on to connectivity of landscape patches enrolled in the schemes, a predictable 

increase in connectivity occurs when a financial incentive for enrolment is present. This is a 
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function of more patches being enrolled in the incentivised scenarios, enabling an increase in 

the average cluster size and the formation of more continuous components.  

The most surprising result that has been observed in the ABM shows that the Forest 

Plantations scheme produces a more connected landscape then both Wildflower Meadows and 

the All Schemes scenario. This is believed to be the result of the way the Agency manifests in 

the landscape. The purchase and reforestation of abandoned land by the Agency allows for 

habitat clusters to form larger areas but also creates more clusters that are isolated from 

existing habitat. The Agency is dependent on patches becoming available for sale and as a 

result it has little control over connectivity. A future version of the model could consider a 

variation in the Agency’s buying strategy, in which only those patches that are already 

connected to a cluster are purchased. This would be of value where agency resources are 

limited and habitat connectivity is a key priority, for example in scenarios where sensitive 

species are unwilling to cross non-habitat patches (Green et al., 2005). 

 

Finally, promoting one intervention over the other comes with important trade-offs.  Forest 

Plantations result in greater habitat connectivity in the landscape, while Wildflower Meadows 

in a larger area set aside for conservation. A decision between the two has to then take into 

account whether more land set aside for conservation of wildflower meadows and forested 

patches but disjoined is better than small islands of continuous land spared for forests 

(Bunyan et al., 2012). The relative value of these options will depend on local conservation 

objectives and the ecology of target species. 

9.5 Production outcomes  

9.5.1 Production)results)

9.5.1.1 Farm)budget)changes)

Based on their farm budget, households are classified in three initial spending groups that take 

into account the land use and land size of the farms (see Table 7.4).  

Under the “No Schemes” scenario 43.33% of all landholdings (SD=3.11) are in the high 

farm-spending group, compared to 30.17% (SD=1.59) and 26.50% (SD=2.14) that have a low 

or medium-spending budget respectively.  

Under the scheme scenarios statistical differences can only be observed when there is an 

incentive and only for low and high farm-spending groups (Table 9.9). Schemes “A Only + 
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FI”, “C Only + FI ”and “All + FI” decrease the number of landholdings in the low farm-

spending group compared to “No Schemes” by about 3 percentage points, 2 percentage points 

and 6 percentage points respectively. A comparable increase in landholdings in the high-

spending group was observed with “A Only + FI” producing a 3 percentage points increase, 

“C Only + FI” a 2 percentage points increase and “All + FI” a 5 percentage points increase. 

For medium spending-group the interventions produce no statistical change [F(8,171)=2.35, 

p=0.02]. 

 
Table 9.9 One-way ANOVA results of the number of landholdings in low and high farm-spending groups under different 
simulation scenarios and Tukey’s HSD post hoc results between pairs of scenarios. Statistically significant differences (p < 
0.05) are shown in bold and marked with an asterisk. 

Farm spending (Low) 
 ANOVA F(8,171)=74.24, p<0.001 

Tu
ke

y’
s H

SD
 te

st 

 
No 

Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 0.34 -       

Scheme B Only + 
No FI 0.08 0.26 -      

Scheme C Only + 
No FI 0.032 0.31 0.05 -     

All Schemes + No 
FI 0.51 0.16 0.42 0.48 -    

Scheme A Only + 
FI 3.07* 3.42* 3.15* 3.10* 3.58* -   

Scheme B Only + 
FI 0.45 0.80 0.54 0.48 0.97 2.61* -  

Scheme C Only + 
FI 1.89* 2.24* 1.98* 1.93* 2.41* 1.17* 1.44* - 

All Schemes + FI 6.01* 6.36* 6.09* 6.04* 6.52* 2.93* 5.55* 4.11* 
Farm spending (High) 

 ANOVA F(8,171)=49.27, p<0.001 

Tu
ke

y’
s H

SD
 te

st
 

 No 
Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes 
+ No FI 

Scheme 
A + FI 

Scheme B 
+ FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 0.07 -       

Scheme B Only + 
No FI 0.33 0.26 -      

Scheme C Only + 
No FI 0.05 0.02 0.28 -     

All Schemes + No 
FI 0.53 0.46 0.19 0.48 -    

Scheme A Only + 
FI 3.03* 3.10* 3.37* 3.08* 3.57* -   

Scheme B Only + 
FI 0.06 0.13 0.40 0.11 0.59 2.97* -  

Scheme C Only + 
FI 1.79* 1.87* 2.13* 1.84* 2.33* 1.23 1.73* - 

All Schemes + FI 5.28* 5.35* 5.62* 5.33* 5.81* 2.24* 5.21* 3.48* 
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9.5.1.2 Production)change)on)the)farms)

Scheme enrolment modified production rates on land that remained under cultivation. In 

Schemes A and B where some land was set aside for biodiversity conservation the remaining 

land under cultivation saw a 10% increase in production as part of the scheme effect. Under 

Scheme C where trees were intercropped the land placed under the scheme saw a 10% 

decrease in production however no land was removed from production entirely. 

Under these conditions about 15% (97.75, SD=8.29) of the total farmsteads (N = 644) who 

remained in the simulation benefited from an increase in production from enrolling in “A 

Only + No FI”. A smaller proportion, 2.5% of landholdings (16.15, SD=5.20), benefited from 

adopting “B Only + No FI” and 8.2 % of all farmsteads (53.1, SD=5.38) experienced a 

decline in production under “C Only + No FI”. 

 

When a financial incentive is introduced the total number of households benefiting from an 

increase in production raises to about 48% (309.2, SD=17.28) under Scheme “A Only +FI” 

and to 8.5% (55.05, SD=5.92) under Scheme “B Only +FI”. A production decline was 

observed for about 18.4% (119.2, SD = 6.59) households under Scheme “C Only +FI”. 

 

9.5.1.3 Production)change)at)the)landscape)level)

There is no statistically significant change in the aggregated agricultural production at 

landscape level between any of the nine scenarios tested [F(8,171) = 1.516, p = 0.155]. 

In terms of the aggregated tea production, there is no statistically significant difference 

between the “No Schemes” scenario and the other eight scenarios (Table 9.10). However, 

there is a statistically significant difference between “C Only + FI” and three other scenarios 

“All + No FI”, “A Only + FI” and “B Only + FI” (Table 9.10). Production under Scheme C 

is 9% higher than “A Only + FI” and “B Only + FI” and 10% higher than “All + No FI”.  

Given that less tea farms are converted to agriculture in the landscape under “C Only + FI” 

(see Section 9.3.1.2) the production is expected to be higher.  
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Table 9.10 One-way ANOVA results of total tea production under different simulation scenarios and Tukey’s HSD post hoc 
results between each pair of scenario groups under each scheme. Statistically significant differences (p < 0.05) are shown in 
bold and marked with an asterisk. 

Tea production  
 ANOVA F(8,171)=2.68, p=0.01 

Tu
ke

y’
s H

SD
 te

st
 

 No 
Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme 
C Only + 

No FI 

All 
Schemes + 

No FI 

Scheme A 
+ FI 

Scheme B 
+ FI 

Scheme 
C + FI 

Scheme A Only 
+ No FI  93080 -       

Scheme B Only 
+ No FI 177460 270540 -      

Scheme C Only 
+ No FI 44710 137800 132750 -     

All Schemes + 
No FI 671500 764600 494100 626800 -    

Scheme A Only 
+ FI 403800 496900 226320 359100 267730 -   

Scheme B Only 
+ FI  540000 633100 362600 495300 131480 136250 -  

Scheme C Only 
+ FI 1616000 1522900 1793500 1660700 2287500* 2019800* 2156100* - 

All Schemes + 
FI 463400 370300 640800 508100 1134900 867200 1003400 1152700 

9.5.2 Production)discussion)
One of the most interesting and surprising emergent phenomena observed in the ABM is 

related to the production at landscape level. To understand its significance it is important to 

reflect on the outcomes at the farm level. At the farm level, enrolment in Wildflower 

Meadows is the strategy that benefited production the most compared to the other two 

strategies. This is because it attracted the highest number of enrollers who benefited from 

extension services (a measure of scheme enrolment) and an increase in farm spending, which 

led to a boost in total production. The other two interventions either had a small contribution 

(Forest Plantations) or decreased production on a considerable number of farms 

(Intercropping). At landscape level, when the total production from the farms is aggregated, 

the picture looks different. Sharing or sparing habitat for biodiversity does not affect overall 

production compared to a business-as-usual scenario. In the case of Wildflower Meadows and 

Forest Plantations the increase in production on the farm, as a result of enrolment, 

compensates for the land that was set aside for biodiversity. Under Intercropping, the 

production decreases as a direct consequence of scheme enrolment but there is an increase in 

farm spending, which allows farmers to improve (intensify) their yields and compensate for 

the yield penalties. What this means is that both land sharing and land sparing strategies lead 

to the same production levels in the landscape. This finding has critical consequences for the 

framing of the LS/LS debate. Contrary to the LS/LS argument (that wildlife friendly 

agriculture is lower yielding), land sharing is equally productive to land sparing interventions 
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while improving conditions for biodiversity. First, there is potential to expand the habitat for 

wildlife without affecting local production. While the results align with previous findings 

from agricultural systems around the world e.g. Mexican coffee agroecosystems (Gordon et 

al., 2007) or see meta-analysis by Kremen and Miles (2012), there is still a suite of important 

questions that arise from this outcome. How much can farmers increase their production in an 

intercropped system until they no longer are able to compete with a land sparing strategy in 

terms of total production, thus rendering land sparing a better strategy? If farmers that enroll 

in land sharing interventions choose to compensate the loss in production through practices, 

that are harmful to biodiversity, every time there is a yield penalty, then up to what point it is 

acceptable to do so? At what point is the intended purpose of the policy voided? It is more 

likely the specific suites of agricultural practices utilized, rather than the yields they produce, 

which determine how hospitable the shared agricultural landscape would be for elements of 

biodiversity (Kremen, 2015). Without such an assessment it would be difficult to conclude the 

extent to which one intervention is more desirable than the other, locally.  

9.6 Economic outcomes and discussion 

9.6.1 Economic)changes))

9.6.1.1 Median)income)variation)

Under the “No Schemes” scenario the median household income is about 74,000 INR 

(SD=3,742). Without a financial incentive to join the schemes there is no significant change 

in households median income between “A Only + No FI”, “B Only + No FI”, “C Only + No 

FI” or “All + No FI” and the “No Schemes” scenario (Figure 9.10 Table 9.11). When a 

financial incentive is introduced median household incomes increase under Scheme “A Only 

+ FI”, and “All + FI” compared with the “No Schemes” scenario (Table 9.11).   
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Figure 9.10 Median income at the end of 30 years of simulation, predicted by the model under nine scenarios. Vertical bars 
indicate the margin of error of the mean values at a 95% confidence interval.  

Table 9.11 One-way ANOVA results of the median income under the nine scenarios and Tukey’s HSD post hoc results 
between pairs of scenarios. Statistically significant differences (p < 0.05) are shown in bold and marked with an asterisk 

Median Income 

 ANOVA F(8, 171)=13.51, p<0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme 
A Only 
+ No FI 

Scheme 
B Only 
+ No FI 

Scheme 
C Only 
+ No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 1168.7 -       

Scheme B Only + 
No FI 1421.3 252.62 -      

Scheme C Only + 
No FI 87.17 1255.9 1508.5 -     

All Schemes + No 
FI 1793.6 624.9 372.3 1880.8 -    

Scheme A Only + 
FI 3698* 4867* 5120* 3611* 5492* -   

Scheme B Only + 
FI 83.24 1085.5 1338.1 170.41 1710.4 3782* -  

Scheme C Only + 
FI 1961 3129.7 3382* 1873.8 3755* 1737.4 2044.2 - 

All Schemes + FI 5390* 6559* 6811* 5303* 7184* 1691.7 5473* 3429* 
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Sensitivity)testing)

The sensitivity tests show that changes in the size of the incentive for joining a scheme and 

the changes in production level associated with joining a scheme have small, statistically 

insignificant influences on the median household income. For example, under Scheme “C 

Only+ FI” doubling the level of incentive only increases the median household income by 

less than 1% (from 76,631 INR to 76,893 INR; t(38)=0.699, p=0.448). Under Scheme “A 

Only+ FI” doubling production upon scheme enrolment also increases median household 

income by less than 1% (from 78,083 INR to 78,500 INR; t(38)=0.052, p=0.958).       

9.6.1.2 Gini)coefficient))

Trends observed when assessing the impact of the schemes on income inequality showed a 

similar pattern to those observed for median household income. While variation in Gini 

coefficient between the “No Schemes” scenarios and no incentive schemes were observed, the 

differences were not statistically significant (Figure 9.11, Table 9.12). 

 
Figure 9.11 Predicted Income inequality, measured by the Gini coefficient under nine scenarios after 30 years of simulation. 
Vertical bars indicate the margin of error of the mean values at a 95% confidence interval.  
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Table 9.12  One-way ANOVA results of Gini coefficient under nine scenarios and Tukey’s HSD post hoc results between 
pairs of scenarios. Statistically significant differences (p < 0.05) are shown in bold and marked with an asterisk 

Gini coefficient 

 ANOVA F(8, 171)=11.14, p<0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only + 

No FI 

Scheme C 
Only + No 

FI 

All 
Schemes 
+ No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

Scheme A Only + 
No FI 0.0015 -       

Scheme B Only + 
No FI 0.0060 0.0045 -      

Scheme C Only + 
No FI 0.0025 0.0010 0.0034 -     

All Schemes + No 
FI 0.0061 0.0045 0.0001 0.0035 -    

Scheme A Only + 
FI 0.0195* 0.0211* 0.0255* 0.0221* 0.0256* -   

Scheme B Only + 
FI 0.0017 0.0032 0.0077 0.0042 0.0078 0.0179* -  

Scheme C Only + 
FI 0.0036 0.0021 0.0024 0.0011 0.0024 0.0232* 0.0053 - 

All Schemes + FI 0.0192* 0.0208* 0.0252* 0.0218* 0.0253* 0.0003 0.0176* 0.0229* 

 

When financial incentives to scheme enrolment are introduced “A Only + FI” and “All + FI” 

scenarios show a significant reduction in income inequality over the “No Schemes” scenario 

(Table 9.12).  

Sensitivity)testing)

Similarly to the previous metric, median income, the sensitivity tests show that changes in the 

size of the incentive for joining a scheme and the changes in production level associated with 

joining a scheme have small, statistically insignificant influences on the Gini coefficient. For 

example, a 1% increase in income inequality is observed when the size of the incentive is 

doubled under Scheme “A Only + FI” (from 0.586 to 0.593 t(38)=0.429, p=0.680). Under 

Scheme “B Only+ FI” doubling production upon scheme enrolment increases Gini 

coefficient by less than 0.5% (from 0.6 to 0.603 t(38)=0.431, p=0.662).  

9.6.1.3 Households)below)the)poverty)line)left)in)the)system)at)the)end)of)the)simulation)

The number of households below the poverty line is only decreased when there is an incentive 

for scheme enrolment in comparison with the “No Schemes” scenario. Statically significant 

reductions in the number of households below the poverty line compared to the “No 

Schemes” scenario were observed for Schemes “A Only + FI” (from 343, SD=14.44 to 320, 

SD=12.6),“C Only + FI” (from 343, SD=14.44 to 329, SD=11.85) and “All + FI” (from 343, 

SD=14.44 to 300, SD=12.97) (Table 9.13).  
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Table 9.13 One-way ANOVA results of remaining households below poverty line under nine scenarios and Tukey’s HSD 
post hoc results between pairs of scenarios. Statistically significant differences (p < 0.05) are shown in bold and marked with 
an asterisk. 

Remaining households below poverty line 

 ANOVA F(8, 171)=34.45, p<0.001 

Tu
ke

y’
s H

SD
 te

st
 

 
No 

Scheme 

Scheme 
A Only + 

No FI 

Scheme 
B Only 
+ No FI 

Scheme 
C Only 
+ No FI 

All 
Schemes + 

No FI 

Scheme 
A + FI 

Scheme 
B + FI 

Scheme 
C + FI 

No Schemes -        
Scheme A Only + 

No FI 4.1 -       

Scheme B Only + 
No FI 1.95 2.15 -      

Scheme C Only + 
No FI 0.05 4.05 1.9 -     

All Schemes + No 
FI 4.95 0.85 3 4.9 -    

Scheme A Only + 
FI 23.2* 27.3* 25.15* 23.25* 28.15* -   

Scheme B Only + 
FI 2 6.1 3.95 2.05 6.95 21.2* -  

Scheme C Only + 
FI 13.9* 18* 15.85* 13.95* 18.85* 9.3 11.9 - 

All Schemes + FI 42.9* 47* 44.85* 42.95* 47.85* 19.7* 40.9* 29* 

 

Sensitivity)testing)

The sensitivity tests show that changes in the size of the incentive for joining a scheme and 

the changes in production level associated with joining a scheme have statistically 

insignificant influences on the households below poverty line. For example, there is no 

change in the total number of households below poverty line under Scheme “B Only+ FI” 

when the size of production is doubled (t(38)=0.699, p=0.99). Under Scheme “C Only+ FI” 

increasing the incentive to double the amount produces no change either (t(38)=0.431, 

p=0.99).  

9.6.2 Economic)outcomes)discussion))

Communalities were observed between the three economic outputs measured in the 

simulation: median income, Gini coefficient and the number of households below the poverty 

line. Overall, the introduction of the schemes (with no financial incentive) in the landscape 

had a positive effect on the economy of the households. As the simulation results imply that 

biodiversity improvements can be made with no consequence on the economy of the 

household it would appear that both intensifying agriculture and intercropping are desirable 

options. The LUDAS model of Vietnam (Le et al., 2010) and Lee et al. (2014) model of palm 

oil in Indonesia are the only two models that have compared the economic outcomes of 

similar or actual LS/LS land use policies based on a real landscape. Similar to PLUSES, the 
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Lee et al. (2014) model shows best economic gains are achieved with a mixed LS/LS strategy. 

In the simulation by Le et al. (2010) intensifying cultivation resulted in damage to the 

environment through increased agrochemical use, offsetting long-term biodiversity and 

economic gains. The study suggests that the local economy and environment would likely 

benefit from alternative agricultural types, such as various forms of agroforestry and 

conservation farming. Given that PLUSES assumes increasing productivity on the farm 

comes at no cost for biodiversity the results must be carefully interpreted. Identifying how 

yield is increased on the farm and its impacts was beyond the scope of this study, but will be a 

crucial factor in determining desirable local interventions alongside the outcomes of this 

research.  

When a financial incentive is introduced in the landscape the Wildflower Meadows and All 

Schemes scenario consistently improve the economic status of households across all three 

economic output metrics. The other two schemes, Forest Plantations and Intercropping show 

no change or affect only one economic indicator. Forest Plantations produce no change in the 

median income and total number of households below the poverty line because of low rates of 

enrolment. Moreover the proportion of households that enrol in schemes varies little across 

the range of income per person. With no income group disproportionately accessing financial 

incentives income inequality is not affected. 

In contrast Intercropping produces unexpected outcomes. A positive change in household 

economic status was expected for all metrics because the incentive is larger than the return on 

investment obtained from tea plantations. However the results show improvements only for 

the total number of households below the poverty line. This is justified by incentives 

benefiting more small income households than rich ones. Why a reduction in households 

below the poverty line and a disproportionate benefit for low-income households does not 

produce a reduction in income inequality is not clear. Maybe a small number of better-of 

households are making more gains because of large areas of land enrolled in the scheme, thus 

keeping the same level of income inequality. The median income shows no difference 

probably because the effect of the incentive is offset by the 10% decrease in production 

resulting from enrolment.  

The increase in median income and reduction in the number of households below the poverty 

line observed under the Wildflower Meadows scenario could be explained by the incentive 

providing a steady, reliable source of income on vegetable farms that are otherwise exposed 

to more financial insecurity resulting from return on investment fluctuations. In terms of 
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inequality the emergent phenomena are surprising and are not entirely understood. The 

intervention was expected to increase inequality, not reduce it as the model shows, since a 

larger number of rich households are benefiting in comparison to small income ones. 

Integrating a human component makes models very complex and often difficult to disentangle 

and predict (Nguyen and de Kok, 2007).  

Taken one at a time not all interventions experience a statistically significant change in 

economic status over a business-as-usual scenario but all produce a positive effect. The 

positive change under All Schemes is the cumulated effect of the schemes running together 

making it superior to that of Wildflower Meadows alone. A similar trend was again observed 

in the LUDAS model where the increase in the household income was the result of three 

combined land use interventions (Le et al., 2010). In LUDAS however the effect of the 

interventions was not strong enough to shift income inequality. The participatory approach of 

PLUSES in determining feasible interventions with direct land users may be why the 

interventions are better adapted to reach the more vulnerable households and decrease 

inequality, showing the strength of the approach.   

9.7 Food security outcomes  

9.7.1 Food)security)results)

9.7.1.1 Food)spending)

Under the “No Schemes” scenario 34% of the households in the landscape are food insecure. 

When schemes are implemented in the model without a financial incentive there is no 

significant variation in the proportion of household budgets allocated to food in comparison 

with the “No Schemes” scenario [F(8,171)=1.21, p=0.278].  

When financial incentives for scheme enrolment are offered the proportion of money from 

household budgets that is spent on food significantly increases under Schemes “A Only +FI”, 

“C Only + FI” and “All + FI” compared to the “No Schemes” scenario [F(8,171)=13.5, 

p<0.001]. 10% of food insecure households double their spending under Scheme “A Only 

+FI”, 6% double their spending under Scheme “C Only +FI” and 15% under “All +FI”.  

Sensitivity)testing)

Sensitivity testing shows that the amount of money a household spends on food is not 

influenced by the size of the financial incentive or the changes in production level associated 

with joining a scheme. For example, doubling the financial incentive has no impact on the 



 326 

number of food insecure households under Scheme “A Only +FI” (t(38)=0.143, p=0.99). 

Under Scheme “B Only +FI” doubling the production after scheme enrolment also produces 

no change in the number of food insecure households (t(38)=0.34, p=0.78). 

The amount of money a household spends on food is however influenced by the initial 

balance. When households start with an initial balance five times their declared income then 

improvements in food security can be observed under all three schemes but the increases over 

the “No Schemes” scenario are not statistically significant (e.g. “C Only + FI” t(38)=0.21, 

p=0.99). If households start with an initial debt five times worse than their income then more 

households are food insecure. Under “A Only +FI” the number of food insecure households 

increased from 31% to 37%, (t(38)=3.2, p<0.01). Under scenario “B Only +FI” an increase in 

food insecure households from 33% to 40% was observed (t(38)=0.57, p<0.01), “C Only 

+FI” produced an increase of 32% to 37% (t(38)=1.56, p <0.01) and “All +FI” an increase 

of 28% to 31% (t(38)=0.46, p < 0.01).  

9.7.1.2 Food)retained)for)household)consumption)

The average food retained for household consumption from the farm does not change with 

statistical significance between the nine scenarios [F(8,171)=1.529, p=0.15] (Figure 9.12). 

 
Figure 9.12 Average value of food retained for households’ own consumption from their farm as predicted by the model 
under nine scenarios after 30 years of simulation. Vertical bars indicate the margin of error of the mean values at a 95% 
confidence interval.  
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Sensitivity)testing)

Sensitivity testing shows that the average value of food retained for consumption does not 

vary with the size of the financial incentive or the change in production resulting from 

enrolment. For example, when the financial incentive doubles the value of food retained for 

household consumption under “A Only +FI” scenario increased by 5%, a statistically 

insignificant difference (t(38)=0.95, p=0.34). A statistically insignificant 1% increase in value 

is seen when production on the farm is reduced by 20% under the “C Only +FI” scenario 

(t(38)=1.67, p=0.102). 

Variation in the value of food retained for household consumption is seen when initial 

household balances are changed in the model settings. When the initial household balance is 

five times the declared income there is an increase in the value of food retained for household 

consumption under the “B Only +FI” and “C Only + FI” scenarios compared to the baseline 

scenario (initial household balance=0). Statistically significant increases of 21% were 

observed for scheme “A Only +FI” (t(38)=3.13, p<0.001) and 25% for scheme “C Only + 

FI” (t(38)=3.25, p<0.001). 

When the initial debt is five times worse than their income the amount retained for household 

consumption does not change with statistical significance. For example under “All +FI” 

scenario the amount retained for household consumption decreases by 8% compared to 

baseline scenario [(t(38)=1.31, p=0.19].  

9.7.2 Food)security)discussion)
The model shows that after 30 years of simulation food insecurity in the landscape will affect 

about one third of households. This is above the current national average of 15.2% (FAO et 

al., 2015), but close to the Tamil Nadu prevalence of undernourishment reported as 24.3% 

(Government of India, 2014). India is a rapidly growing economy and has shown considerable 

improvements in increasing food security (FAO, 2008, FAO et al., 2015). As a result of 

further food security policies and activities outside the consideration of the PLUSES model 

the food security in the Nilgiris may look better in 30 years time than the model predicts. 

Nevertheless, the prolonged tea crisis in the area, which is expected to continue, could reflect 

more accurately the future of food security in the Nilgiris landscape that was predicted under 

PLUSES (meaning higher rates of food insecurity).  

The most surprising outcome that emerges from the ABM is that the food security metrics 

show the introduction of the three land use policies (without financial incentives) does not 

change the level of food security in the landscape. Whether land is taken out of production 
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and set aside for biodiversity conservation or trees are intercropped on the farms, the food 

security of the households is not affected. The average value of food retained from farms for 

household consumption and food spending does not change under Wildflower Meadows and 

Forest Plantations because there is an increase in production from enrolling in the 

interventions that compensates for the land that has been spared for nature. Thus, farmers are 

able to identify new mechanisms to enable meeting the households’ food security needs and 

the conservation of biodiversity. In the case of Tree Intercropping the sale of timber is 

probably compensating for decreases in production on the farm and as a result no change is 

observed in spending on food. With the introduction of a financial incentive food security 

improves across the landscape. Financial incentives for the enrolment in Tree Intercropping 

and Wildflower Meadows schemes provide a constant and secure source of revenue that acts 

like a financial safety net enabling an increase in food spending, especially among the most 

vulnerable households. Households with low agricultural and tea profitability rates are 

therefore expected to be the main beneficiaries of improved food security. Low enrolment in 

Forest Plantations is probably the reason why no statistically significant change in food 

security is produced even when a financial incentive is available.  

Sensitivity testing revealed some key processes that manifest in the landscape. Food security 

was not affected by increases in the financial incentive or production levels. This is likely 

because the most food insecure households have already benefited at the baseline levels. The 

level at which financial incentives are expected to produce changes in food security are not 

straightforward to determine as it varies both by scheme type (Figure 8.3) and land use type 

(Figure 8.4).  

Changes in initial household budgets were seen to influence food security. A reduction in 

initial budgets reduces food spending, but farmers are able to maintain the same consumption 

from their own farms. In this case land acts as an important safety net. Surprisingly, an 

increase in the initial budget leads to agents maintaining their food spending and increasing 

consumption from their farms. This trend is probably due to a prioritisation of investment in 

farming which leads to an increase in production (see Section 9.5.1.1). It is also possible that 

households that are food insecure are so poor that they benefit from increased initial budgets 

for a number of years, but in the long term they cannot support an increase in spending on 

food and they return to their original budgets.  
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To conclude, PLUSES simulations indicate that increasing biodiversity on the farms through 

the introduction of both LS/LS land use policies does not compromise the food security of the 

households in the landscape. Of the three schemes, Wildflower Meadows and Tree 

Intercropping have the potential to reduce food insecurity. Similar findings were reported in 

Cramer et al., (2017), Fischer et al. (2017) and Wittman et al. (2017) where land use 

interventions that resemble forms of LS/LS where found to harmonize food security and 

biodiversity conservation. This study provides empirical evidence that shows the importance 

of bringing social system characteristics back into existing discourses on food security and 

biodiversity conservation in order to understand how synergies can occur and how policies 

can capitalize on them. The results support Hanspach et al. (2017)’s critique and call that too 

often reaserch is focused on trade-offs (e.g. Glamann et al. 2017) and though strategies that 

can benefit both biodiversity and food security exist (e.g. Chappell and LaValle, 2011) they 

are often neglected, when instead, they need to be brought to the forefront.  

PLUSES also shows that farmers found ways to adapt when land was taken out of production 

or yield penalties were imposed by the schemes. Agents used the new circumstances to their 

advantage. Under Forest Plantations and Wildflower Meadows these adaptive stratgies may 

be an artefact of the model, direct compensations for taking land out of production. But, under 

Tree Intercropping, income diversification through selling of intercropped timber has 

emerged as a succesful form of risk avoidance and did not compromise biodiversity gains. 

This form of diversification through tree intercropping is of special relevance not only to the 

Nilgiris context, but also to many other South and Southeast Asia countries that are faced with 

similar current agricultural crises (Kumar, 2007). Apart from being an important source of 

income, trees can represent a valuable source of nutrition, particularly during lean seasons and 

periods of vulnerability (Balooni, 2003, Puri and Nair, 2004, Dagar et al., 2013, FAO, 2013, 

Vira et al., 2015, Prabhat et al., 2017). Their direct contribution to food security has been 

undevalued in this research. Disaggregating the native and exotic categories into specific 

species of trees would allow a more justified assessment of how they specifically contribute to 

individual farms’ food security. Considering this limitation, Tree Intercropping is expected to 

bring more benefits in reality then the model was able to capture and as a result become a 

more desirable intervention to Wildflower Meadows.  
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9.8 Conclusions 
This chapter has analysed the production, environmental and socioeconomic outcomes of 

pursuing three LS/LS interventions in the Nilgiris landscape using PLUSES, a spatially 

explicit simulation model. The model shows that all the tested schemes bring biodiversity 

conservation benefits but that they do so in different ways. Tree Intercropping generates the 

largest number of trees in the landscape on private farms. Wildflower Meadows spares the 

most land for conservation, while Forest Plantations creates clusters of forest fragments and 

scores best in landscape connectivity measures. In terms of production, the results show that 

under each of the three interventions the same amount of food could be produced even if land 

was set aside for conservation, or trees were intercropped on farms. The increase in 

production from joining the interventions or the adaptive strategies farmers used by farmers 

allowed for this to happen. Finally, the analysis of the socioeconomic impacts of scheme 

adoption indicates that both LS/LS interventions have a positive effect on the economy and 

food security of the household. The simulation results reveal that land sparing wildflower 

meadows brings the best outcomes as an individual intervention. Part V (Chapter 10) will 

reflect in more depth on the comparative merits and benefits of the three interventions and the 

policy lessons that can be learned from these outcomes. 
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PART V  
 

Chapter 10 
Conclusions 

Understanding the relevance of the  
land sharing-land sparing framework to real life 

10 10 )
 

Diagram 1 Summary of research highlighting the questions addressed in Part V 
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Tropical forests have the highest rates of biodiversity in the world (Groombridge and Jenkins, 

2002). Deforestation and forest degradation due to the expansion and intensification of 

farming are the main threats to their preservation (Hosonuma et al., 2012). Different 

conservation approaches have been proposed to reduce the impact of agricultural expansion 

and intensification on biodiversity. The LS/LS framework has emerged as one such approach 

(Green et al. 2005) and has received increasing attention. While numerous studies (e.g. 

Anderson-Teixeira et al., 2012, Hulme et al., 2013, Williams et al., 2017) have investigated 

the relative merits of the two land use strategies through a production lens, it has been argued 

that the relevance of the framework to real life depends on a much broader set of factors. A 

key criticism has been that the framework fails to consider the social acceptability of the 

framework to stakeholders and direct land users or the socioeconomic implications of their 

advancement in a real-world landscape (Fischer et al., 2014). By proposing ready-made 

expert solutions without understanding the social ramifications of the two approaches 

proponents of the framework risk a partial picture that is not grounded in local realities. Such 

oversights can have profound implications for the conservation of biodiversity on the long run 

(Phelps et al., 2013, Kremen, 2015, Bennett, 2017).  

To address these caveats, this thesis seeks to move beyond the ‘productionist’ approach by 

integrating social and economic dimension into the LS/LS framework. The thesis investigates 

three main aspects:  

1. What land use interventions are plausible in a landscape given diverse interests of 

stakeholders?  

2. What is the social acceptability (uptake) of the interventions to direct land users? 

3. What are the implications of land users’ choices, not only on production and 

biodiversity but also on local food security and livelihoods? 

Finally, the thesis considers the implications of the results of these investigations for the 

applicability of the LS/LS framework in real life situations.   

Answering these questions means crossing disciplinary boundaries in order to analyse the 

system under study as a complex structure that is governed both by social and ecological 

processes. Companion Modelling has emerged as an approach specifically designed to 

address these challenges and it uses a combination of RPGs and ABMs with local 

stakeholders to enable a shared representation and validation of the social and environmental 

processes that occur in a system (Chapter 3). In order to understand how land use decisions 

are shaped in landscapes that can accommodate both LS/LS strategies, the Nilgiris, India was 



 333 

selected as a suitable fieldwork site for its long agricultural history of both intensification and 

expansion into one of the world’s most biodiverse forests. The thesis explains the historical 

and economic drivers that shape the current landscape and livelihood decisions (Chapter 2) 

along with a present socioeconomic, land use and food security profile of the study area 

(Chapter 4 and 5). It then moves on to explore the type of policies stakeholders believe 

feasible for the reconciliation of agriculture and forest conservation and reveals that both 

LS/LS interventions are desirable in the landscape (Chapter 6). For them to be adopted by 

local land users reward schemes were proposed and in order to test their social acceptability 

(uptake) a RPG and an ABM were developed (Chapter 6 and 7). The ABM allows analysing 

ex ante the results of their hypothetical adoption (Chapter 8) and the implications of their 

adoption for local livelihoods, food security and environment (Chapter 9) over a 30-year 

period simulation. 

The next section revisits how the key research questions have been tackled, what has been 

found, and what the findings signify for these questions (Section 10.1). Then, the final 

research question is addressed, the relevance of the LS/LS policy to real life and the practical 

policy implications (Section 10.2). This is followed by a recapitulation of the main 

contributions of the thesis (Section 10.3). The chapter ends with an exposition of limitations 

and caveats of this research, and policy-relevant future research directions (Section 10.4).  

10.1  Key findings of the thesis 

10.1.1 )Feasible)LS/LS)interventions)in)the)tropics)that)meet)diverse)interests)

of)stakeholders)

One of the focuses of the study is to understand if LS/LS interventions, that meet the 

objectives of diverse local stakeholders present in a landscape, could be identified. To date the 

debate over the relative merits of LS/LS has been ideological in nature, and lacks empirical 

evidence to demonstrate that scientific recommendations could translate into local policy. 

Phalan et al. (2016) provides examples of how active land sparing mechanisms can occur in a 

landscape, but there is negligible proof that these have arisen as a direct result of the scientific 

evidence. Rather it is more likely that these sparing mechanisms are the result of local 

development goals and stakeholders’ interests (Mertz and Mertens, 2017).  

This study explores for the first time whether LS/LS policy recommendations resulting from 

scientific evidence can translate into policy in a real landscape by meeting the interest of the 

local stakeholders. Stakeholders were engaged in a participatory process that integrated 
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empirical, technical and scientific knowledge and helped identify suitable land use strategies 

that align with stakeholders’ objectives. A RPG looking at how farmers take land use 

decisions when environmental policies are introduced in the landscape is used as decision 

support tool. The process of developing a RPG with the local stakeholders allows them to 

increase their knowledge and understanding of a system and its dynamics under various 

conditions. Most importantly it acts as a platform to make stakeholders more aware of each 

other’s goals and to allow negotiations to take place in a less formal format.  

The study demonstrates that LS/LS interventions that meet all stakeholders’ objectives could 

be found locally. Three interventions are proposed in the landscape. Two of them resemble a 

form of land sparing on the farms: sparing land for wildflower meadows or tree plantations 

while increasing yield on the remaining land. The third one asks farmers to accept yield 

penalties for intercropping more trees on their farms, a form of land sharing. 

The interventions carry three important traits that demonstrate the importance of engaging 

stakeholders from an early stage of policy development. Firstly, only certain policies meet the 

interest of relevant stakeholders and from a yield-biodiversity assessment they might not be 

the optimal solutions. Secondly, the land sparing interventions proposed are different from the 

classic mechanisms identified by Phalan et al. (2016). Farmers are encouraged to spare land 

on their farms for nature and to connect the spared areas of land. Whether they are more 

closely related to land sharing or land sparing is a matter of the landscape scale, the size of the 

land set aside for biodiversity conservation and the connectivity of the spared land over time. 

Thirdly, stakeholders proposed different phases in the life cycle of the policies. The pilot 

stage aims to create forms of interventions that are universal and inclusive and attract as many 

enrollers as possible. The key is to demonstrate their benefits and success. This will 

popularize the policy in the landscape, so that in the maturity phase they can attract more land 

users by better tailoring the interventions to the land users’ needs. In this later stage the yield 

and biodiversity conservation benefits are expected to increase. This study focuses only on the 

pilot stage.  

All these three aspects demonstrate the value and importance of engaging stakeholders in 

planning of interventions and expanding the LS/LS framework beyond the yield-biodiversity 

relationship. By doing so, low effectiveness and the emergence of unwanted side effects of 

environmental and agricultural policies caused by over-simplistic assumptions in the design 

of policy instruments could be reduced, if not prevented.  
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10.1.2 )Heterogeneous)motivations)affecting)the)social)acceptability)of)land)

use)interventions)and)ex)ante)assessment)of)their)adoption)in)the)

landscape)

This study also focuses on aspects of decision-making regarding the adoption of proposed 

LS/LS interventions by direct land users. The study reveals several findings in this regard. 

Firstly, in the study area there are three main types of motivations that influence farmers’ 

decisions about whether to adopt an intervention on their farm or not, in order of importance: 

monetary benefits, pro environmental motivations and social norms. Secondly, land use, the 

type of management preferred on the farm and whether land users accept trees on the farm or 

not are factors that influence what type of intervention is feasible on individual farms. These 

factors were detected in the in-depth household survey and also validated by the role-playing 

game.  

When assessing the adoption of the three interventions ex ante, it is observed that monetary 

incentives are the main contributor to farm enrolment. There are some important differences 

observed between the interventions. Wildflower Meadows is the intervention adopted by the 

largest number of households, whereas intercropping is adopted on the largest area of land. 

Forest Plantations are significantly less popular than the other two interventions and only 

attract a small number of households. The financial level at which the incentive attracts the 

optimal enrolment also varies between the three interventions. Those that spare land for 

wildflower meadows are motivated at higher levels of incentives then those that prefer 

intercropping or spare land for forest plantations. Another difference observed between 

interventions is that social norms and pro-environmental motivations have different influences 

on enrolment rate of the three interventions. Social norms play a particularly important role in 

the enrolment of Wildflower Meadows, whereas pro-environmental interventions are more 

prevalent among those that prefer Intercropping. Finally, land use influences significantly the 

choice of schemes. Consistently more tea farms go for Intercropping whereas Wildflower 

Meadows attracts more vegetable farms. For Forest Plantations, land use is not a strong 

determinant.  

All these traits that characterize enrolment under different interventions have important 

implications for proposing LS/LS approaches in a landscape. Identifying the main motivations 

of enrolment could encourage adoption under the different interventions by tailoring the 

incentives to better meet land users’ motivations. This is of particular importance for the pilot 
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phase of a project that needs to demonstrate a wide spread enrolment. An ex ante assessment 

also gives policymakers the chance to observe how financial incentives can be optimized.  

Another important implication for policy formulation is that, even if stakeholders are able to 

identify what they consider feasible interventions, adoption by direct land users is not 

guaranteed. This is supported by the limited enrolment in Forest Plantations. Prior assessment 

of policies can give stakeholders time to reflect on how a policy could be improved and what 

the likelihood is of the intervention being accepted or failing to attract interest. Moreover, it 

allows for policymakers to observe what hindrances can occur (e.g. tree tenure anxieties) and 

how they could be mediated over time.  

Finally, the research shows that a combination of these strategies can increase participation 

and adoption in a community with heterogeneous motivations and farming preferences. This 

is perhaps the most important implication for policy design. 

10.1.3 )The)comparative)merits)and)benefits)of)adopting)LS/LS)interventions)

by)direct)land)users))

The third question, about the outcomes of adoption, has important policy implications. The 

underlying question is whether adding socioeconomic dimensions to the LS/LS framework 

changes the outcome of what constitutes the optimal land use policy between LS/LS. It has 

been hypothesised that incorporating other landscape goods such as ecosystem services or 

food security, into the analysis could shift the nature and outcome of the debate (Adams, 

2012).  
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The findings of this research demonstrate that indeed adding more outcomes on which to 

assess the comparative merits of the interventions does indeed change the balance in the 

debate. It adds a level of complexity and creates a less straightforward choice between the two 

strategies (Table 10.1).  

 

The first key finding is that none of the three interventions can provide optimal outcomes for 

all the indicators analysed. Secondly, each intervention has indicators on which it scores 

better when compared to the other two interventions (Table 10.1). Wildflower Meadows has 

the highest rate of enrolment whilst delivering greater improvements in biodiversity, 

enhancements to livelihood metrics and greater food security than any other intervention. 

Nevertheless, after 30 years of simulation, the land that has been spared for conservation 

under this scheme is very disjoined and scattered in the landscape, reducing its conservation 

value. By contrast, the Forest Plantations intervention is better at creating larger and more 

connected areas of secondary habitat. It is however adopted by the least number of enrollers 

and produces no improvements (or deteriorations) in food security and livelihoods. 

Intercropping attracts the largest area of land enrolled in an intervention, plants the largest 

number of native trees in the landscape and produces some improvements in food security and 

livelihoods. Production decreases at farm level, but surprisingly not at landscape level, which 

contradicts the assumption that land sharing is lower yielding in comparison to land sparing 

(Green et al., 2005).  

The central question becomes, which of the interventions is more desirable between the three? 

The answer depends most likely on what the local values and political objectives (rather than 

scientific) are and what compromises a policymaker is willing to make? Furthermore, using a 

different set of outcome metrics, for example pollination services, well-being or farm 

profitability, could make these choice even more complex and ultimately tip the results in 

favour of a different intervention. This raises questions such as: What objectives most matter, 

and why? How would a representative list of metrics, that ensures a good spread of relevant 

factors, based on which policymakers can take decisions, look? And if identified, could the 

complexity added to the ABM produce results on which to base decisions? These are 

important questions that need addressing in future research. The effectiveness, limitations, 

and potential for unintended consequences have yet to be systematically tested. 

Under all these uncertainties, there is however one less divisive outcome. By combining the 

three interventions the model generated the best synergies between production, environmental 
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and socioeconomic outcomes. Thus, the key to providing landscape level benefits across 

ecological and societal metrics could lie in continuing to preserve the current protected areas 

and expand the wildlife habitat while at the same time enhance the effectiveness of 

biodiversity-friendly farming practices. Agroforestry (Intercropping), forest fragments (Forest 

Plantations) and protected areas in human-modified landscapes have all been shown to bring 

important biodiversity benefits and they often complement each other by filling different 

biodiversity needs (Anand et al., 2010, Sayer et al., 2013, Lasco et al., 2014, Zomer et al., 

2014, Schroth and Ruf, 2014, Mitchell et al., 2014, Karanth et al., 2016, Rahman et al., 2017). 

Classified as a threatened habitat, the Nilgiris grassland (Wildflower Meadows) harbour 

species of conservation concern and can’t be substituted by other habitats (Kumar, 1993, 

Shanavas et al., 2016). Such matrices are favourable to biodiversity and are shown to support 

human livelihoods and food security without leading to yield penalties in the Nilgiris. Lee et 

al. (2014) reached a similar conclusion and showed that a hybrid LS/LS approach can 

generate the best economic outcomes for local communities engaged in plantation agriculture 

at forest fringes. In the Nilgiris the area was shown to have high potential to increase yields 

beyond the 10% target set in the agent-based model, however the problem that still remains is 

what happens under prolonged periods of agriculture unprofitability? 

Finally, the limited budgets of the implementing agencies will be an important determinant in 

influencing the choice of the land use strategies selected. Future research would benefit from 

a more in-depth analysis of the cost-effectiveness of different combinations of strategies.  

 

The next section looks at how the LS/LS framework is equipped for a real world landscape 

and proposes ways to move forward in the debate.  

 

10.2   Implications for framework design and implementation - the 

policy perspective 
 

This section aims to bring together the different lessons learned about the LS/LS framework 

when it moves beyond the yield-biodiversity relationship and considers socioeconomic 

factors. Three main points that can aid research and policy to move forward are addressed. 

First, I explore the dangers of moving from science to policy too quickly and discuss how the 

framework should either remain in the academic domain or be upgraded to enable more true-
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to-life policy recommendations (Section 10.2.1). Second, I discuss why engaging stakeholders 

matters in the formulation of feasible interventions (Section 10.2.2). Lastly, I consider why 

testing adoption of policies with direct land users prior to their implementation can provide 

valuable insight for the final formulation of the policies (Section 10.2.3). The section ends 

with possible ways of identifying motivations for adoption and how policies can be adapted to 

respond to the heterogeneity of motivations.  

10.2.1 %From%science%to%policy.%A%missing%link.%%

The findings presented in this thesis suggest that land use policies that go beyond the 

assessment of production efficiency and biodiversity conservation by incorporating other 

factors such as livelihood and food security add a more nuanced view in understanding the 

merits and limitations of the LS/LS approaches. With this additional information the LS/LS 

framework can move in two main directions. The first direction would be to continue to focus 

on optimizing food production and biodiversity conservation while acknowledging the trade-

offs, potential risks and implications for food security, livelihoods and other aspects such as 

ecosystem services or well-being. In following such a path, generating policy 

recommendations risks overly simplifying complex contexts and can expose biodiversity to 

even greater dangers (Kremen, 2015). Poorly defined policies based on recommendations 

from partial understanding risk being distorted to serve entrenched interests, such as big food 

production companies (Phelps et al., 2013).  

The alternative would be to change the focus of the LS/LS debate towards a more human-

environment centred framework. This would involve acknowledging that the framework deals 

with a complex system of multiple interactions, which bridges natural and social sciences. It 

opens an avenue to deal with interrelationships between, for example, agricultural practices, 

intensification, expansion, yields, biodiversity, land-use patterns, deforestation, reforestation, 

environmental policies, and local and global food security. Most importantly it will allow 

engaging with different stakeholders to select which of these matter most to them, as different 

actors have different objectives. If the framework were repositioned thus it can be argued that 

it would transition into a socio-ecological system. In this case the focus can be placed on 

finding synergies that can meet several objectives and as such it better aligns with the 

Sustainable Development Goals and responds to the recent calls of doing so (Bennett, 2017, 

Fischer et al., 2017, Law et al 2017).  
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10.2.2 %Stakeholders’%engagement,%a%valuable%resource%

The results show that understanding the objectives of stakeholders engaged in land use 

decision-making plays a central role in formulating feasible land use strategies like LS/LS. 

Almost all strategies proposed in the landscape resemble the interventions highlighted by 

Phalan et al. (2016). However, out of them only one type of policy could reconcile the 

interests of all stakeholders, economic incentives. Moreover they vary considerably from the 

optimal solutions proposed by the advocates of the framework. Policy tends to favour 

scientific results that are in line with overall political goals as a century of policy of shifting 

cultivation in Southeast Asia has shown (Fox et al., 2009, Padoch and Pinedo-Vasquez, 2010, 

Mertz and Bruun, 2017). While this might be one of the important reasons that influenced the 

choice of interventions it was also shown that the apparently optimal yield-biodiversity 

solutions were simply not well adapted to respond to the local needs. 

For example, from a land sparing perspective the optimal solution in the Nilgiris landscape 

would be to maximize production on existing farms while preventing further expansion into 

existing protected areas. However, discussions with local stakeholders revealed that such an 

approach would be futile. Low market prices, a decrease in soil fertility on farms and a wide 

spread reliance on a single unprofitable crop are among factors that lead to land abandonment 

and make intensification unattractive to local farmers. Furthermore, the Forest Department 

considers that there is no imminent threat to protected areas from small-scale agriculture 

directly. On the contrary, an expansion of regrowth forest has been observed. The real threat 

to biodiversity comes from farmers having limited livelihood alternatives with unforeseen 

impacts on the environment. The conclusion is that engaging stakeholders from an early stage 

can aid the formulation of policies that are better adapted to the local social-cultural, 

environmental and economic context that transcends a simple production efficiencies 

evaluation and that stand a better chance of materializing.  

To scale up the results and understand the dangers of taking a narrow line of investigation that 

omits the socioeconomic factors, parallels could be made to other regions of the globe. 

Similarly to the Nilgiris and India more broadly, countries like China, Vietnam, El Salvador, 

Costa Rica and Chile experience a major trend of forest regrowth with simultaneous increase 

in food production (Mather, 2007, Lambin and Meyfroidt, 2010, 2011, Hecht, 2014). But is 

this evidence for land sparing in response to agricultural intensification? As shown in this 

study a simple production efficiencies outlook would fail to pick up more nuanced processes. 

Forest growth can be the results of smallholder farmers abandoning their lands (Grau and 
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Aide, 2008). For biodiversity, land abandonment might result in conservation opportunities, 

but again it is important to ask whether forest regrowth is resulting in large regions of 

contiguous forest (land-sparing landscapes) or many forest fragments in high settlement 

densities (land-sharing landscapes), which is most likely the case as demonstrated in Latin 

America (Hecht, 2014).  

This takes us back to the original point; failure to pick up these nuances would most probably 

lead to inadequate translation of science into policy practice. But, it is also important to 

highlight that while in the Nilgiris case stakeholder engagement has proved valuable practice, 

this is not always true. Stakeholders’ engagement also carries risks of creating more conflicts 

and as such it is not always the most convenient and helpful approach (Young et al., 2013).  

10.2.3 %From%feasible%interventions%to%actual%adoption%

The last point made is that once suitable policies have been identified for the local context and 

stakeholders have reached consensus, LS/LS policies are not guaranteed to succeed. It was 

shown that out of the three direct interventions proposed, only two of them were actually 

accepted more widely by direct land users and farms that enrolled in the individual schemes 

had generally different characteristics. Thus, for the LS/LS framework to stand a better 

chance of succeeding and to be more cost-effective it needs to acknowledge the heterogeneity 

of motivations and farming preferences and characteristics that stimulate land users’ 

enrolment. As the findings demonstrate, acknowledging the diversity of motivations can help 

identify those who are more likely to adopt according to intrinsic interests (that are likely to 

be ‘kindled’ by non-monetary rewards) and those who may need monetary incentives to 

participate. Also it can help identify those that reject or accept certain farming practices, such 

as having trees on the farm or not.  

Identifying these motivations and how policies can be adapted to respond to them could be 

done in several ways. One way may be to pre-assess the specific contexts where the 

intervention is to be made. The RPG and the ABM proved valuable and effective approaches 

to understand heterogeneity and the likely uptake of the interventions. The RPG in particular 

was a valuable tool that offered insight in the land use strategies processes that span on the 

farm that were otherwise difficult to capture in a conventional survey. Knowing these 

strategies, a policy maker can envisage who is more likely to adopt a certain intervention and 

why. Identifying the barriers to adoption is equally important. Such was the case with the 

social networks, where it was observed that enrolment could significantly rise with an 

increase in social influence. To be effective in the long term a policy must assess and ensure 
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that such factors do not become a barrier within a given context. In a similar study (Zabala, 

2015) it was proposed that an inventory of factors can be used as a check-list for a case-by-

case rapid assessment of the preconditions for adoption and to address potential barriers 

before doing so becomes impracticable. This can be done on expert assessment or key 

informant interviews for example.  

Another method of adjusting LS/LS policies (or any type of land use policies) to diverse 

motivations is to propose a set of typologies, which do not need to be sophisticated. For 

example, policymakers can imagine typologies based on diffusion, such as innovators and 

followers, and adjust rewards to their specific motivations (Zabala et al., 2017). Alternatively, 

instead of assuming that all households follow a utility-driven behaviour, the policymaker can 

expect several other typologies each of whom is mostly determined by monetary gains, social 

norms or non-monetary intrinsic motivations.  

Once policy makers have access to this information there are several instruments that can be 

developed to respond to the heterogeneity of needs. Among these instruments, payments are 

but one.  For example, rewards can be given to innovators in the form of acknowledging their 

services to their wider community and promoting them as mentors. Another approach would 

be to design an adaptive and dynamic programme in several steps (Hayes, 2012). In the first 

stage the programme would focus on the proven benefits of the practice and importance for 

the environment. In this case it is expected that farmers with non-monetary intrinsic 

motivations would volunteer. In a second stage financial rewards could be introduced for all 

to accelerate participation. If the programme budget is limited to a single instrument, the one 

expected to be most effective may be selected. Alternatively all these instruments may be 

used simultaneously or separately, depending on what the programme developer knows about 

the context where the intervention is to be made.  

 

10.3  Research contributions of the thesis and limitations 
The thesis contributes to fill an important gap in understanding the viability of interventions 

that aim to integrate or separate food production and biodiversity conservation by focusing on 

three aspects: stakeholders, direct beneficiaries and the socioeconomic and environmental 

implications of proposed interventions. The environmental implications of the two land use 

strategies have been well researched and continue to attract considerable research interest; the 

remaining aspects have received little attention. The literature critiquing the framework 

strongly emphasized expanding the scope of research to address this deficiency but there is a 
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lack of evidence to demonstrate the importance of the under investigated subjects to the 

debate. The first contribution of the research is therefore to expand the framework under 

which sharing and sparing interventions were compared, by adding a triad of social 

dimensions.  

Agroforestry, forest plantations and wildflower meadows are presented as promising 

approaches to conciliate food production and biodiversity conservation but the understanding 

of their adoption in tea plantations and vegetable fields is limited. This research empirically 

and quantitatively analyses the outcomes of hypothetical interventions to encourage the three 

interventions among smallholders. Thus, this thesis contributes to the findings of the limited 

pool of studies doing this type of research and provides a more thorough understanding by 

considering adoption as a process driven not only by financial motivations but also by 

intrinsic motivations.  

 

Overall, the thesis has three main contributions to knowledge, of empirical, theoretical and 

methodological natures. These are highlighted in order of findings. 

 

First, involving the local stakeholders in identifying symbiotic food production and 

biodiversity conservation land use policies yields new empirical insight into what constitutes 

suitable LS/LS policies in a real-world landscape. This is the first study in which stakeholders 

were directly involved and contributed to formulation of LS/LS policies in a bottom-up 

approach. Interventions that reconcile stakeholders’ goals are less vulnerable to failure and 

carry less risks of being rejected or deterred post implementation. Though data-collection 

intensive, future LS/LS studies can critically benefit from implementing this participatory 

approach.  

 

Second, the analysis on farmers’ motivations and farming practices preferences reveals how 

the two influence the choice between the LS/LS strategies. This empirical evidence is the first 

to integrate farmers’ motivations and preferences in explaining adoption of LS/LS policies. 

Results suggest the need to better tailor the interventions on farmers’ motivations but also to 

preview some of the hindrances that can occur (e.g. tree tenure controversies). This 

contribution is complemented with a time-efficient and in-depth approach to collect data, 

based on a combination of household survey and RPG. The study acknowledges though that 

measuring motivations and farmers preferences was done in a crude and simplistic way 
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mostly for the mere purpose of demonstrating the importance of considering this aspect in the 

LS/LS debate. Other state of the art studies (e.g. Zabala et al., 2017) that looked at these 

aspects have paired, for example, game-like procedures with Q methodology.  

Third, the ABM developed is one of the few land use simulators able to test policy adoption 

prior to its actual implementation based on social, economic and environmental decision-

making factors. It is the only simulator to date to include aspects of food security and 

landscape connectivity in a LS/LS research context. The breadth of factors included allows a 

more realistic representation of the complexity of human decision-making, based on which 

policy decisions are made, increasing the reliability of results. Furthermore, being able to 

compare and contrast between the outcomes of different policies considering such a wide 

range of factors enables decision makers to understand the potential synergies, trade-offs, 

opportunities and unanticipated risks at a finer scale and, as a result, plan better and more 

cost-effective. This new scientific simulator has already attracted interest among practitioners 

and researchers and it will be made available as an open source. The use of the ODD protocol 

to describe the model makes it transparent and easy to replicate in other contexts where land 

use policies are to be assessed. This approach could be used to compare strategies across sites 

and countries, throughout historical trajectories or to forecast policy scenarios. I recommend 

that the ABM should be taken as a learning tool that facilitates discussions and draws 

attention on possible opportunities or unintended consequences that might arise under 

different policy scenarios. The ABM was constructed on a series of assumptions that limits 

the capacity of the simulator to make definite policy recommendations (see limitations in 

Chapters 7, 8 and 9). To improve the simulation more research is needed to address the 

individual assumptions. 

10.4  Future direction 
Building on the outcomes of this research, further lines of enquiry are identified. The first one 

refers to specific niches that can shed instrumental knowledge about how participation in 

policies can be enhanced and further analysed. The last two are directly tied to alternative or 

improved methodologies.  

If the aim is to encourage long-term enrolment, analysing what drives previous adopters to 

drop out of interventions can give key insights about adoption barriers (Mekoya et al., 2008, 

Greiner and Gregg, 2011). In doing so valuable information for improving the policies can be 
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obtained. Land users can have a restrained degree of motivation, knowledge and of moral 

drive but when putting thoughts into actions, the hindrances are decisive. Supplementary 

incentives are crucial to overcome these situations. Thus, finding what considerations led to 

pulling out from an intervention is logically necessary in order to be able to identify how to 

encourage long-term adoption. In turn, knowing what these obstacles are may be critical to 

envision whether the incentives considered will achieve optimal outcomes.   

Second, the study has not focused on how yield improvements can be achieved in the 

landscape once the interventions are adopted on the farm. The change in the yield is 

conditioned by enrolment. Land sparing interventions aid higher yields on the farms whereas 

land sharing leads to lower yields. I consider that focusing only on the yield continuum, 

without further consideration of how the changes in yield are achieved and how they impact 

on biodiversity, perpetuates one of the main problems related to the LS/LS framework. 

Namely that nature friendly farming or land sharing will continue to be associated with low 

yields without necessarily being true to how ‘wildlife friendly’ the practice is. It is more likely 

to be specific agricultural practices, rather than the yields they produce, that determine how 

hospitable the shared agricultural landscape would be for elements of biodiversity (Kremen, 

2015). In this case intercropping could affect yields but it could also out-produce conventional 

systems or be equally productive or profitable, while improving conditions for biodiversity 

and other ecosystem services (Meylan et al., 2017, Nesper et al., 2017). Therefore, future 

research should focus on understanding which practices could lead to positive yield changes 

with the least negative impact on the biodiversity on the farm. Do certain practices enhance 

yields, profits and biodiversity? Do other practices enhance biodiversity without affecting 

yields or profits? (Donald and Evans, 2006, Prescott et al., 2015). This would elucidate the 

important relationships while providing scope for management interventions under the 

different interventions proposed (Steffan-Dewenter et al., 2007, Clough et al., 2011).   

 

Finally, as emphasized in Chapter 7 (Section 7.7.1) future research could be directed to 

enhancing PLUSES so that it becomes a richer socio-ecological simulator, which is a more 

sophisticated field of modelling. This would enable improved predictions and would answer 

the recent calls of researchers engaged in the LS/LS debate that advocate for a socio-

ecological approach in dealing with the relationship between food production and biodiversity 

(Fischer et al., 2017). This would require focus to be placed on further developing the 

interactions between social, economical and environmental components. For example, the 
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model would benefit from a better understanding of how farmers’ choices of inputs affect 

yields and soil fertility and how in turn these changes affect farmers’ food security and 

livelihood decisions over time. Nevertheless, the model is the first attempt and a valuable 

‘reality check’ that captured the complexities of reaching policy decisions when food security 

and livelihoods consideration are integrated in the LS/LS framework. More importantly it 

paved the way for future research by demonstrating the inclusion of social science expertise 

could considerably enhance both the usefulness of formal models and the effectiveness of 

policies. For policy recommendations to be meaningful to local contexts they should be 

jointly framed by scientists and stakeholders in a participatory and interdisciplinary process, 

that is, constructing new forms of knowledge that move beyond disciplinary boundaries and 

include collaborations between scientific and nonscientific actors in substantive work.  
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Appendix 3.1 

Household Survey  

 
 

 

 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Household!Survey!
!!!!!!!!!Kotagiri!2015!

!
The$ Household$ (HH)$ instrument$ has$ been$ developed$ to$ collect$ baseline$ information$ about$ general$ demographics,$
agricultural$ practices,$ food$ availability,$ access,$ use$ and$ stability,$ land$ use$ change,$ perceived$ biodiversity$ change$ and$
incentives$schemes$available/benefiting$individual$households.$$

The$data$collected$will$be$used$to$develop$a$study$aimed$at$answering$research$questions$such$as:$
Q1:$What$are$the$current$local$agricultural$practices?$
Q2:$How$did$the$landscape$change$over$time?$
Q3:$What$are$the$benefits/subsidies$HH$obtain$from$agriculture?$
Q4:$What$are$the$changes$that$might$occur$in$the$future$in$the$agricultural$field$and$what$is$the$associated$impact$on$the$
socioGeconomic$status$of$the$HH$and$the$surrounding$landscape?$
$
Enumerator:! The! following! paragraph! contains! the! detailed! research! questions.! For! further! reference! regarding! research!
please!refer!to!the!following!questions:!
!

Q1:!What!is!the!current!land!use!and!socio@economic!context!and!how!will!the!landscape!likely!change!in!the!future?!
Q2:!What!types!of!agricultural!and!environmental!schemes!have!been!implemented!in!the!landscape!and!what!other!
plausible!policy!interventions!(including!land!sharing!and!land!sparing)!and!external!drivers!of!change!might!occur!
in!the!future!(‘scenarios’!hereafter)?!!!
Q3:!How!would!the!scenarios!impact!on!landscape!configuration,!habitat!for!biodiversity!and!pollination!services?!
Q4:!How!would!the!scenarios!impact!on!HH!food!security!and!food!accessibility?!
Q5:!How!do!food!security,!household!socio@economic!profile!and!ecosystem!services!compare!under!the!different!
scenarios?!Who!wins!and!who!loses?!
Q6:!How!do!stakeholders!respond!to!policy!tools!such!as!agent@based!modelling?!
$

The$household$survey$consists$of$8$sections:$

Section(A.( Introduction(and(respondent's(consent(
Section(B.( Data(Handlers(
Section(C.( Household(Respondent(and(Type(
Section(D.( Household(Profile(
Section(E.( Land(Assets(and(Income(
Section(F.( Agricultural(activities(
Section(G.( DecisionEmaking(and(scenario(testing(
Section(H.( Food(security,(consumption(and(composition(
$

$
Enumerator:!Acknowledging! that!men!and!women!have!different! roles! and!different! viewpoints! in! a!household!and! in! the!
community,!we!would!like!you!to!ensure!that!both!women!and!men!will!be!interviewed.!!

$

$
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Section(A. Introduction(and(consent(by(main(respondent(
 

Hello. My name is [interviewer name] __________________________________________. I am working with a researcher 
from University of Cambridge in collaboration with Keystone Foundation. We are conducting a survey about the agricultural 
practices within the area and how different agricultural policies for land management affect household livelihoods, the ways 
in which natural resources are managed, especially trees and forests and the overall conditions of the environment. The aim 
of this research is to understand how land-use change has impacted on people’s way of living in Niligiris area and what type 
of incentives are successful to implement a change in the land management that can benefit both livelihoods and the 
environment. We would like to ask you some questions about your household, your livelihood and your farming practices and 
your use of natural resources. It should not take longer than 1 hour of your time.  Approximately 500 people in different 
villages in Niligiris area will take part in this study, including approximately  _______ people from this village.  

 

We would like to share the results of the study, so that more people understand how food is grown and used in this region 
and the issues that you face regarding food production and land management. Your name will not appear in any data that is 
made publicly available. The information you provide will be used purely for research purposes; your answers will not affect 
any benefits or subsidies you may receive now or in the future.   

 

Do you consent to be part of this study? You may withdraw from the study at any time and if there are questions that you 
would prefer not to answer then we respect your right not to answer them. 

 

Has consent been given?     1=YES               2=NO 
        
 If NO, please give reason 1= Nobody home, 2 = Respondent refuses to participate, 3 = Respondent postponed the interview, 
4 = Household head (or other knowledgeable member) is not present at the house, 5 = Other _________________________ 
 

Section(B. Household(survey(general(information(

Country(ID:(India( Site(ID:(( Household(Address(and(telephone:((
(

District(Name:(Niligiris( GPS(reference(for(household((Lat/Long(in(decimal(degrees):(
Latitude:)!!!!!!!!!!!!!!!!!!!!°)S))))))Longitude:)!!!!!!!!!!!!!!!!!!!°)E)))!
(Village(Panchayat(Name:((

Hamlet(name:(( !Language(ID((Circle)the)languages)used)during)the)interview))
1.)English)))))))))))))))))2.)Tamil)))))))))))))))))))))3.)Badaga)

Local(currency:(INR(((((((((((((((((((((((((((((((((( Date(of(interview((ddFmmFyyyy):((
(
(
Time(Start/End:(
(

Enumerator’s(Name:((

Date(of(1st(visit((ddFmmFyyyy):((

Computer(data(entry(by((Name(and(Date):(
(
Additional)information)to)be)filled)by)researcher:)
Main)land)use:)_______________________)
Land)use)intensity)(circle)one):)
Low))))))))))))))))Medium)))))))))))))))))High((

(
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 Section C.  Household Respondent and Type  
 

 
 

Enumerator:+The+ideal+respondent+is+the+household+head+or+spouse.+Most+of+these+questions+can+be+completed+without+having+to+
to+question+ the+respondent+directly.+Be+sensitive+about+ the+way+you+gather+ this+ information.+Please+ identify+ the+gender+of+ the+
respondent+prior+to+starting+the+question+in+the+section.+

Gender of respondent  Female [____]                                          Male [____]             

+

!Name%Head%of%Household:%%

Full!Name:!!

Father’s!Name:!!

Name%of%respondent%

Full!Name:!
!

Father’s!Name:!!
!

Relationship%of%the%respondent%to%the%household%
head,%if%not%the%head! [___________________________]+

Household%type!!!!!|_____|!
01=Male+headed+
02=Male+headed,+divorced,+single+or+widowed,+
03=Female+headed,+
04=Female+headed,+divorced,+single,+widowed+
05=Other,+specify+[…………………………………………………………………..]+

Has%your%family%always%lived%in%this%village?!!1=Yes!!!2=!No!!
If+No,+complete+the+following+questions:+
%%%%%%%%%%%%%
%%%%%%%%%%%%%When%was%the%household%established%here?%(Year)!____________________!!!!!!!!!!!!!!
!!!!!!!!!!!!!!
%%%%%%%%%%%%%Where%was%the%previous%household?%%%1.!In!Nilgiris!District!;!!2.!In!Tamil!Nadu;!3.!In!another!state;!4.!Other!
country________!
!
%%%%%%%%%%%%%What%was%the%main%reason%for%moving?%!(Circle+one+reason+only)!!
++++++++++++++1.+Work+Related+++2.+School+/+Studies+3.+Marriage+4.+Other+Family+Reasons+5.+Better+Services+/+Housing+6.+Land+/+Plot++7.Other,+
Specify_______+
+
%
Have%any%of%the%family%members%moved%away%from%this%area?%%1=Yes!!!2=!No%
!
If+Yes,+complete+the+following+questions:+
%%%%%%%%%%%%How%many?!________________________________________________________________________%
%
%%%%%%%%%%%What%were%the%reasons?%(Circle+as+many+as+applicable)!!
+++++++++++1.+Work+Related+++2.+School+/+Studies+3.+Marriage+4.+Other+Family+Reasons+5.+Better+Services+/+Housing+6.+Land+/+Plot++7.Other,+
Specify________+
+
+
Are%you%or%any%family%member%part%of%any%group/association?%(Circle+as+many+as+applicable)%
!
1=Farmers’!Association!!!!!!!!!!!!!!!!!2=!Village!Group!!!!!!!!!!!!!!!!!!!3=!Educational!group!!!!!!!!!!!!!!!!!!!!!!!!!!4=Other,!specify!
__________________________!
!

!
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Section D.  Household Profile  
Please list all the members in the household. We consider member of a household all people that regularly 

eat in your household, even if they are not related to you. Please list here any workers that live with you. 

 

 

 

Name 
(*) 

Sex 
1 = M 
2 = F 

R
el
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Et
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ity
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re

sp
on

de
nt
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% of time 
working on their 
farm per month 

% of time 
working on 
others farms 
per month 
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E3. Income  
 

 
 

 

Please&specify&what&are&the&main&sources&of&income&in&the&HH&and&the&distribution&of&income:&
&
Category  1=Yes ; 

2=No 
Percentage of the total annual 
income (Alternatively use stones bag) 

Sale of agriculture and livestock products   
Sale&of&forest&products&(e.g.%charcoal,%firewood,%timber,%honey,%
medicinal%plants,%wild%foods) 

  

Wages or salaries (e.g. daily labour; temporary contracts; business)   
Governmental and livelihood allowances  (including pension, child 
care) 

  

Environmental allowances   
Other (please specify):   
Other (please specify):   
Other (please specify):   
&
Enumerator:%The%next%question%is%more%sensitive.%There%are%two%options%for%asking%this%question.%You%will%only%need%to%fill%one%of%
the%options.%If%the%respondent%doesn’t%want%to%answer%Option%1,%please%move%to%Option%2.%
&
Option&1:&
&
What&is&your&current&HH&income&per&year?&
!

1. Below!10!000;!!
2. 10!000*30!000;!&
3. 30!000*50!000!&
4. 50!000!*1!Lakh!5.!&
5. 1!Lakh!and!above&

&
Option&2:&
&
What&would&be&your&YEARLY&dream&budget&that&will&allow&you&to&meet&all&the&expenses&and&expectations&of&the&household?&%
%
_______________________&
&
What&percentage&of&the&dream&budget&does&your&HH&currently&own?&%
&
_______________________&
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Appendix 3.2 

Ethical assessment and local collaborator 
For submitted and approved by the Department of Geography, University of Cambridge 

Section III: Research Checklist 

Please answer each question by ticking the appropriate box: 

 YES NO 
1. Does the study require the informed consent of its subjects? ✓  
2. Does the study involve participants who are particularly vulnerable or unable 
to give informed consent? (e.g. children, people with learning disabilities, your 
own students) 

 ✓ 

3. Will the study require the co-operation of a gatekeeper for initial access to 
the groups or individuals to be recruited? (e.g. students at school, members of 
self-help group, residents of nursing home) 

 ✓ 

4. Will it be necessary for participants to take part in the study without their 
knowledge and consent at the time? (e.g. covert observation of people in non-
public places) 

 ✓ 

5. Will the study involve discussion of sensitive topics (e.g. sexual activity, 
drug use)? 

 ✓ 

6. Will the study involve any invasive, intrusive or potentially harmful 
procedures? 

 ✓ 

7. Will blood or tissue samples be obtained from participants?  ✓ 
8. Is pain or more than mild discomfort likely to result from the study?  ✓ 
9. Could the study induce psychological stress or anxiety or cause harm or 
negative consequences beyond the risks encountered in normal life? 

 ✓ 

10. Will the study involve prolonged or repetitive testing?  ✓ 
11. Will financial inducements (other than reasonable expenses and 
compensation for time) be offered to participants? 

 ✓ 

12. Will the study involve recruitment of patients or staff through the NHS?  ✓ 
13. Will the study be associated with significant damage to the environment?  ✓ 
14. Will the study involve potential harm to animal welfare?  ✓ 
 

Ethical issues 

Data will be collected over a 13-month period with the support of a research assistant and 
three enumerators. For each activity enumerators will receive trainings prior to data 
collection, including household survey data collection or developing and running role-playing 
games and group activities. Assistants will be selected with the support of the local project 
partner, following interviews carried with the applicants. Selected applicants may be 
previously trained field survey assistants or students interested in social and natural sciences. 
All team members will be required to have a good knowledge of the necessary local 
languages. 

The study will follow the three core principles that form the universally accepted basis for 
research articulated in The Belmont Report (Ryan et al., 1979): 1. Respect for persons - 
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ensures that people will not be used simply as a mean to achieve research objectives; 2. 
Beneficence- requires a commitment to maximizing the benefits that accrue to the researched 
community, minimizing the risks associated with research, (including social risks); 3. Justice- 
the people who are expected to benefit from the knowledge should be the ones who are asked 
to participate. Considering these principles, it is believed that through the engagement of the 
stakeholders at every step in the process, the research will facilitate collective learning and 
open discussions between parties, stakeholders, which may have not been brought together 
before. The outcomes of the research will be discussed with the stakeholders allowing more 
informed decisions about land use practices and the type of policy interventions that can 
benefit both agricultural production and biodiversity. 

Additionally, the study will ensure that the values and interests of the community are 
respected and that people understand what it means to participate in the study so they can 
decide in a conscious, deliberate way whether they want to participate (see informed consent 
for household survey). First, the leaders of the communities will be approached and informed 
and then a forum will be facilitated where interested people can learn about the research and 
ask questions. 

Positionality  

Positionality and power relations at multiple scales are important elements of ethical research. 
Richa et al (2002) highlights the “impasse” in the feminist geography where fewer scholars 
are pursuing research in the Global South due to fear of misrepresentation and inauthenticity. 
However, the study also provides guidance on how these limitations can be overcome by 
keeping in mind the critiques and undertaking research that is more institutionally sensitive, 
materially grounded and politically engaged (Richa et al., 2002).  

Sultana (2007) highlights that while some scholars have criticized that politically engaged 
research is not necessarily the result of acknowledging positionality, reflexivity, and identity, 
and may not bring dramatic change, not considering these issues may be of even more 
concern. Additionally, the study provides guiding principles by drawing from fieldwork 
experiences in South Asia. 

The study aims to build upon these experiences and recommendations, and recognize that 
working with multiple positionalities of researchers and research participants is required in 
enabling ethical relations, which should be encouraged and embraced.  

Keystone Foundation  

The research was undertaken with the support of a local organisation, Keystone Foundation 
(KF). The organisation, based in the town of Kotagiri, has been working in the Nilgiri 
Biosphere Reserve since 1993. The organization’s main objective is to work with indigenous 
and local communities on eco-development initiatives. The support received by the NGO 
included local contacts, proof reading of the household survey, support with finding a 
research assistant, local accommodation and transportation as well as accessing their library 
and office facilities.  



 398 

In order to minimize any biases that could occur from association with Keystone Foundation, 
when carrying out the survey the work was presented as that of an independent researcher 
undertaking a study to fill meet the requirements of a university qualification. If asked, it was 
explained that the research did not have an official affiliation with Keystone Foundation and 
that the respondents’ answers would not be seen by organisations working in the Nilgiris area. 
Given that KF work focuses on Scheduled Tribes communities and that the sampled 
population is predominantly from the Scheduled Caste and Badaga groups, I believe there to 
be a negligible bias arising from the support from KF. 
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Appendix 3.3 
Decision tree for GLMM fitting and inference 

When faced with nonnormal data it is common to transform data to achieve normality and 
homogeneity of variance, using nonparametric tests or relying on the robustness of classical 
ANOVA to nonnormality for balanced designs (Quinn and Keough, 2002). Too often random 
effects are omitted, thus committing pseudoreplication, or are treated as fixed factors 
(Crawley, 2002). Such shortcuts can fail because: i) certain data (e.g. variables with many 
zeros) cannot be transformed to normal, or ii) statistical assumptions are violated, or iii) they 
limit the scope of inference (one cannot extrapolate estimates of fixed effects to new groups). 
Generalized linear mixed models (GLMMs) have the advantage that they combine the 
properties of two statistical frameworks: linear mixed models, which incorporate random 
effects, and generalized linear models, which can handle nonnormal data by using link 
functions and exponential family. GLMMs are considered to be the best tools for analyzing 
nonnormal data that involves random effects (Bolker et al., 2009).  
This study used a decision tree in selecting the appropriate GLMM and the necessary tests for 
selecting the best model and evaluating differences in goodness of fit among models: 
 

Decision tree for GLMM fitting and inference. Conditions on the Poisson and binomial distributions along the right branch refer to penalized 
quasilikelihood (PQL) rules of thumb: to use PQL, Poisson distributions should have mean > 5 and binomial distributions should have the 

minimum of the number of successes and failures > 5. MCEM = Monte Carlo expectation-maximization. Source:Bolker et al., 2009 
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Appendix 3.4 

Role-playing game documents  
A. RPG Players’ Sheet 

 

 

 

 

 

 

 

 

Player No. 

Year Land Use Land size   Crop Cost of production Price (per kg) Income Profit 

 

Vegetables   Season 1           

Season 2           

Season 3           

Tea               

       Total Profit  

 

Land Use Land size   Crop Cost of production Price (per kg) Income Profit 

Vegetables   Season 1           

Season 2           

Season 3           

Tea             

 
       Total Profit  
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B. Income and Expense Sheet 

Player No____                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!

Player No____                    
 
 

     Income/Expenses Year1 Year 2 Year 3 Year 4 Year 5 

Other sources of income 

+  +  +  +  + 
Agriculture income/loss 

          
Costs of living 

- - - - - 
Converting 

- - - - - 
Selling or buying land 

          
Schemes 

+  + + + + 
Bonuses from education 

+  + + + + 
Total profit/loss 
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  C. Decision making form 

 

   Player  No __________ 

 

Year What strategy did you adopt? Did you change your strategy from 
previous year? Why? 

Example 
Grow beans, cabbage and 

potatoes; Take a loan from the 
bank 

No, I didn't change 
I got good return from 
my crops so I decided 

to grow the same 

Example Grow tea and cabbage; I 
made my food income smaller 

Yes, I changed from potatoes to 
cabbage 

Because I didn't have a 
good yield in potatoes; 
I decided to priorities 
other expenses than 

food; 

1 

      

2 

      

3 

      

4 

      

5 

      

6 
      

7 

      

8 
      

9 
      

 
10    

    

 

 



 403 

 D. Final Evaluation Form 

 

 

    Date __________________      Player No ________ 

 

 

 

Final Evaluation Form    

What have you thought of the game? 

 

a. Was it difficult? 
• Too simple 
• A bit simple 
• Just right 
• A bit complex 
• Too complex 

b. Was it relevant to land use decisions in your village? 
• Nothing like managing our land 
• A bit far from reality 
• Some aspects are relevant to my household decisions 
• Quite close to the way I manage my land 
• I felt I was managing my own land 

c. Was it fun? 
• Too long 
• A bit too long 
• OK 
• Fun 
• I would like to play again 

 

 

 

 

 

 

 

 

 

 

 

 



 404 

Appendix 5.1 

Frequency of food consumption 
 
Frequency of food consumption per food group before and after 1990 and information on 
whether the food was produced (partially or completely) on the farm or harvested from the 
local forest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Types of foods  

Time period 

Before 1990 After 1990 
Produced 

Or 
Harvested 

Frequency of 
consumption 

Produced 
Or 

Harvested 

Frequency of 
consumption 

A. Cereals, Grains 
(Raghi, Millets, Corn) 

x Every day  Rarely 

Rice  Occasionally  Every day 
B. Roots, Tubers, and 
Plantains 

x Most of the days x Frequently 

C. Pulses x Most of the days x Frequently 

D. Nuts, wild fruits and 
berries 

x Occasionally  Rarely 

E. Vegetables x Most of the days x Most of the days 

F. Meat, Fish and Animal 
Products 

x Frequently  Rarely 

G. Fruits x Rarely  Rarely 

H. Milk/Milk Products x Most of the days  Frequently 

I. Fats/Oil x Rarely  Most of the days 

J. Sugars  Rarely  Every day 
Honey x Occasionally  Rarely 
K. Spices/Condiments  Every day  Every day 
Tea/Coffee x   x Every day 
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Appendix 6.1 

Players’ profile example 

Player 1 
 
You are a farmer in Nilgiris and you are the household head of a family of: 

• 5 members (2 grandparents; 2 parents; 1 child in school education) 
You own: 

• 1 acre of tea 
Apart from the income from tea you have an income from other sources of: 

• 100,000 Rupees/year 
Your aim is to cover the costs of the household every year and increase your livelihood: 

• Food:    72,000   Rupees/Year 
• Education:   50,000   Rupees/Year for the first 6 years and  

100,000 Rupees/year for the next 4 years  
• House maintenance:  15,000   Rupees/Year 

Every round you have several options to choose from: 
1. Buy land from your neighbours or from the bank 
2. Sell land to your neighbours or to an outsider 
3. Continue to grow the same crop or change to a different crop 
4. Take part in an environmental scheme 
5. Abandon the land and move to the city (sell the land) 
6. Take a loan from the bank 
7. Decide to spend less on food, education and house maintenance 
8. Decide to stop the education of one of your children and ask their help in the 

agricultural field (that will reduce your agricultural production costs) 
 
Information about different costs: 
 

A. Converting from tea to vegetables requires a start up investment of 120,000 
Rupees/acre 

B. Converting from vegetables of tea requires a start up investment of 150,000 
Rupees/acre and for three years no income will be produced  

C. Price of buying/selling land from the bank is:  
• 1 cent of tea land: 40,000 Rupees 
• 1 cent of vegetable land: 40,000 Rupees 

If you want to buy land from your neighbour you have to negotiate directly. 
D. If you are interested in taking part in an environmental scheme for some extra cash 

check with the environmental agency! 
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Appendix 6.2  
 

Examples of crop yields, costs per unit of production and market 
prices used in the RPG 

 
 

Cabbage 

Year 
Yield 

(acre) 

Yield 

per acre 

(kg) 

Price 

(INR/kg) 

how many 

cabbages in 

an acre 

Cost of 

production 

(acre) 

Income 

(acre) 
Profit 

Cost-

benefit 

ratio 

1 28340 33340 6 25646.2 102584.9 200040.5 97456 2.0 

2 27935 32935 13 25334.8 101339.1 428157.9 326819 4.2 

3 32308 37308 2 28698.2 114792.9 74615.4 -40178 0.7 

4 31984 36984 4 28449.1 113796.3 147935.2 34139 1.3 

5 31583 36583 6 28140.8 112563.1 201206.5 88643 1.8 

 

 

Market-prices  
  

Years with 

Season 3 

Cabbage 

(INR/kg) 

Carrot 

(INR/kg) 

Potato 

(INR/kg) 

Beans 

(INR/kg) Tea (Rupees/kg) 

Y 6-8 15-17 14-16 25-27 5.6-7.6 

Y 13-15 19-21 20-22 23-25 6.6-8.6 

N 2-4 16-18 16-18 24-26 6.5-7.5 

N 4-6 24-26 29-31 25-27 8.6-10.6 

N 6-8 35-37 22-24 20-22 10.6-12.6 

N 4-6 15-17 17-19 29-31 8.9-10.9 

Y 3-5 15-17 18-20 28-30 9.2-11.2 

Y 5-7 21-23 24-26 35-37 12.2-14.2 

N 5-7 15-17 14-16 21-23 12.5-14.5 

N 10-12 25-27 28-30 22-24 10.6-12.6 
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Appendix 7.1 

PLUSES Overview, Design concepts and Details 
This Appendix provides complimentary data to the ODD+D processes detailed in Chapter 7.  

Thus, it only includes information of the processes that have not been explained in Chapter 7. 

Structural elements  

Overview 

1. Purpose ! (detailed in Chapter 7) 
2. Entities, state variables, and scales ! (detailed in Chapter 7) 
3. Process overview and scheduling ! (detailed in Chapter 7) 

Design concepts 

4. Design concepts 
• Theoretical and empirical background ! (detailed in Chapter 7) 
• Individual decision-making ! (detailed in Chapter 7) 
• Basic principles (addressed in Theoretical and empirical background) 
• Emergence " 
• Adaptation 
• Objectives 
• Learning (Not Applicable) 
• Individual prediction 
• Sensing (addressed in Individual decision-making) 
• Interaction ! (detailed in Chapter 7) 
• Stochasticity 
• Heterogeneity 
• Collectives " 
• Observation (Not Applicable) 

Details 

5. Implementation details 
6. Initialization ! (detailed in Chapter 7) 
7. Input data 
8. Sub-models 

 

Design concepts  
Emergence(

There are two main outputs of the models that emerge from land use decisions and policy 

implementation.  

Firstly, land use patterns emerge in response to land conversion prompted by more profitable 

land uses, enrolment in different schemes and land acquisition by the policy implementation 

agency.    

Secondly, the diffusion of scheme uptake emerges from the relative profitability of the 

scheme compared to the return on investment from other land uses and the social network 
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contagion (which means the more agents join the schemes the more likely it is that other will 

join too; see Section 7.4.4.2).  

 

Adaptation(

Agents can adjust their household budgets in response to their financial history of profit or 

loss.  

Land use conversions and land transactions alter agents’ landholdings. The total number of 

trees on the farm alters, in response to changes in agents’ livelihood strategies prompted by 

changes in annual balance status. Decisions about land use strategies adjust also as a result of 

introducing new agro-environmental policies in the landscape.  

 

Objectives((

Households may differ in certain attitudes relevant to the schemes, and in which spending 

budgets are prioritised. However, agents’ objectives are not explicitly represented in the 

model. The decision processes imply that agents are motivated by profits (and negatively 

motivated by losses) and the return on investment on land. Additionally agents aim to 

improve their livelihoods by increasing their spending and not allowing a too greater gap 

between the socioeconomic identities implied by their respective levels of spending with 

farming, food and other household costs. Decisions about land conversions or transactions are 

motivated by long-term benefits or urgent financial obligations, whereas financial decisions 

influenced by livelihood strategies are optimized using short-term interests.  
Agents are also obliged to clear debt when it has been rolled over three years in succession. 

These influences are common to all households. Agents that cannot repay the debt and cannot 

meet a minimum cost of living for multiple years are forced to abandon their livelihoods and 

migrate out of the landscape.  

Individual(prediction(

Agents are myopic, and base expectations of return on investment on the immediately 

preceding year’s results. Where they have no personal experience, having not farmed any land 

that year, they consult their social neighbours for a local average estimate. 

Stochasticity((

There are a number of processes that are random or partly random.   
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Firstly, at initialization cloning households from the household survey creates the landscape 

population. The houses are randomly sampled and they have a uniform chance to be selected.  

Secondly, agents belonging to a village receive randomly allocated fields within their own 

village boundaries (see Section 7.4.5). The fields are allocated by growing from the centre of 

the village towards the edges.  

In the process of buying and selling the land the order in which households are prioritised is 

subject to a random permutation function. 

There is also stochasticity in the total number of patches enrolled under Scheme A and B. On 

top of enrolling 15-25% of viable patches, farmers could also enroll an additional 15% plus a 

random float to account for the variation observed in the role-playing game. The maximum 

amount of land that can be enrolled by each farm under Schemes A, B and C is 30%, 30% and 

100% respectively.  

Because the schemes are hypothetical and given that no scheme abandonment was registered 

in the RPG it was difficult to characterize the conditions under which farmers would leave the 

schemes. As a result, stochasticity is used to simulate scheme drop out events among enrollers 

(see Table 7.4).  

The noise used in the production function is also a measure of stochasticity. Sampled from a 

normal distribution the value attributed to this residual accounts for variation in productivity 

of land, variation in price market, climatic conditions and soil fertility.  

Stochasticity is also used to simulate farmers that want to grow vegetable crops for three 

seasons in a year. Depending on climatic conditions season three can bring a harvest or not. 

To account for this, the success of season three has a random probability.   

Heterogeneity(

The agents are not divided into typologies of behaviours, but they represent a heterogeneous 

population because they have different social identity (different farming, financial and 

enrolment preferences). For example each household prioritises spending on food, farming 

and other costs differently.  

Agents also differ in their state variables e.g. the location in space, financial budget, land use 

type and landholding size.  

Collectives(

Farmers are part of six clusters delimitated by village borders. Within the village boundaries 

neighbouring farms form social networks. There is only one exception. Given the 
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geographical proximity of two of the villages (Kercombai and Milidhen) the social network 

transcends the administrative borders.  

The formation of the social network is triggered by the proximity of farms and not by certain 

behavioural characteristics.  

 

Implementation details 
PLUSES is a Java operated model developed in NetLogo v. 5.3.1. 

After the thesis publication the model code will be made available on an open model library 

known as openabm.org.  

 

Input  
ABM input data are organized by modules in a set of three Excel workbooks and one 

document containing five GIS files: 

Input file Explanation Function 
1. Scenario 
Manager 

Defines the scenarios to be investigated  Scenario setup 

2. Households  Basic characteristics of the agent population (e.g. 
family size, landholdings, income sources) and 
information on decision-making processes related 
to scheme enrolment, land use and financial 
strategies (e.g. allow trees on land or not, priorities 
food security over farming investments)  

Defines the initial 
characteristics of the 
agents  
 

3. Land cover Information on the land use and land cover classes  Defines the LULC classes 
represented in the model 

4. Villages Information about the size of agent population 
(number of households and number of people) by 
village 

Defines the initial settings 
of the modelled population 

5. GIS  All spatial information including maps of land use 
and land cover, roads, distance to roads, villages, 
digital elevation model and village boundaries.  

Defines the initial 
conditions of the 
environment 

 

 

Sub-models  
The sub-models can be divided in three main groups: 1) Policy enrolment and scheme drop 

out, 2) Balance status and 3) History of profit and loss.  
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 1. Policy enrolment and drop out 
(

Policy(enrolment((

Scheme enrolment follows a stepwise process that was presented in Section 7.4.4.2. 

Once a farmer has decided to join a scheme, the size of land enrolled results from farmers’ 

land use strategy and is additionally influenced by a scheme bonus (optional in the model) 

that neighbouring agents receive when they enroll together contiguous land over a certain 

adjustable threshold. Scheme enrolment concludes with: i) a subroutine that calculates the 

size of the land to be enrolled by each farm and the type of land use prioritized for enrolment 

and ii) an update on land conversion (from tea or agricultural land to wildflower meadows, 

tree plantations or intercropping), the number of trees cultivated under each scheme and the 

amount of compensation received from the policy implementer.  

Scheme(drop(out(

Every year there is a 10% chance that a farm will drop out of schemes. Farmers that enroll in 

Scheme B and C and decide to drop out pay a fee equivalent with 5% of the cumulated 

income received from the schemes over the duration of enrolment. This is to compensate the 

policy implementation agency for the loss of forested landscapes. Because Scheme A, 

wildflower meadows was set up as a flexible scheme to attract enrollers even for shorter 

periods of time there is no fee for dropping out.  

 

2. Decision-making processes determined by balance status  
 

Agents’ annual balance (Equation 7.2) influences livelihood strategy choices.  

 
!"#"$%&!" = !"#"$%&!"!! + !"#$%&!" − !"#$!"   Where !" = current year 

Equation 7.2 Balance function 

 

All agents follow this linear process. A positive balance means agents can perform any of the 

following actions in this order: conversion to a more profitable land use, land acquisition or 

save money for the next years if finances are not sufficient enough to perform any of the 

previous two actions. A negative balance requires one or several of the following actions to 

address financial shortages: access a bank loan, sell available timber, sell some of their land, 
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sell all their land or, both sell all their land and leave the area. All of these possible actions 

(sub-models) are detailed in the next two sections.  

(

Positive(Balance(

 

A. Conversion to a more profitable land use  

This sub-model refers only to the conversion of land used for tea cultivation to agriculture or 

vegetable land and vice versa. Land use conversions resulting from scheme enrolment are 

detailed in Section 7.4.4.2 and in earlier in this Appendix in Section 1. Policy enrolment.   

Farm agents using information from their social network compare the information about the 

profitability of the two land uses every year. Agents decide to convert to a new land use when 

there is a more profitable alternative. 

Decisions about land use conversion can include soft constraints (limited information) as well 

as hard constraints (budget availability). Soft constraints can create a fissure between the 

actual farm decisions and the economic optimum decisions when the agents’ social network 

holds limited information about the profitability of different land uses. Hard constraints are 

straightforward and look at the agents’ financial capacity to meet the costs of conversion. The 

costs of conversion from agriculture to tea (100,000 - 150,000 INR per acre depending on 

slope with 3 subsequent years of no harvest) are higher than those of converting from tea to 

vegetable cultivation (100,000 - 120,000 INR per acre depending on slope). However, the 

annual farming costs of vegetable land can be up to 6 times higher than those of tea 

plantations. 

B. Land acquisition  

Land acquisition is seen as a long-term investment of both landless households and those that 

already own land. Land can only be bought when it becomes available for sale on the local 

market, within an agent’s own village.  

 

 

The price of land (Equation 7.3) is established in NetLogo based on the land use type 

(agriculture, tea or forest), distance to roads and slope, with an inverse relationship between 

price and both slope steepness and distance to roads. The price can vary between 70,000 INR 

per patch of agricultural land to 400,000 INR per patch of forestland.   
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!"#$%!!"#$ = !! !!"#!!"!!"#$, !"#$!!"#!!"#$,!"#$%&'(!!"!!"#$, !"#$%  

Equation 7.3 Price of land as a function of land use type, distance to road and slope 

 

Negative(Balance(

A. Access bank loan 

Agents faced with financial difficulties, which cannot cover their living expenses and farming 

costs, can apply for a bank loan that carries an interest rate. The interest rate and the number 

of years the agent is entitled to rollover the debt are adjustable in the model. All agents that 

apply for a loan receive one. 

For this research the number of years and the interest rate have been maintained at the 

baseline value (see Table 7.4). 

 

B. Sell timber  

Timber sales occur on farms that either had trees at the beginning of the simulation or on 

those that cultivated trees as a result of scheme enrolment.  

Land that has been converted to forestland or agroforestry through scheme enrolment caries a 

restriction on the number of trees that can be sold. No more than 10% of the total trees 

planted under Scheme B and C can be transacted. Agents can sell different tree species, native 

or exotic. The price of timber is established based on trees’ age (Equation 7.4). 

 
!"#$%!"#$%& = ! + !"#!"##$%& − !"#!"##$%!&'(!!"#$% ∗ !! 

Where a is a constant reflecting the standard price on the market and b is the value by which price increases with the age of 

the trees. The costs and fees for felling of trees and transportation charges paid to the Forest Department (INR 1,500) have 

been deducted from the price. Model settings: a=1500 INR; b=500 INR.  

 

Equation 7.4 Price of timber as a function of tree age and commercial value 

 

The older the tree the higher the value it receives on the market. Trees can only be sold once 

they reach a minimum age (10 years) dictated by commercial value. An upper age threshold 

(16 years) also exists after which tree prices stay the same. Once sold, agents will replant on 

the farm the same number of trees of the same type or of a preferred type if reported 

(preference reported in the household survey).   

C. Sell land 
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The sale of land, like its acquisition, can only occur in the local market and it carries the same 

price formula (Equation 7.3). Transactions follow a prioritisation criterion derived from the 

value of land or restrictions and fines associated with scheme enrolment. More specifically 

agents will prioritise selling tea land over agricultural land, because tea land is less profitable. 

The farmers will also prioritise selling tea or agricultural land over any scheme land to avoid 

any fines from dropping out of the scheme.  

D. Abandon land or leave the landscape  

Agents will only reach this phase after they exhausted all other options for covering 

household costs and debts. Abandonment occurs when households can no longer satisfy a 

minimum living cost that can ensure their survival in the landscape.  

 3. Decisions based on profit or loss history  
The history of profit or loss determines households’ expectations of future income and the 

criteria based on which they adjust their spending. If households make a profit or loss for 2 

consecutive years they will increase or decrease respectively their spending on food, farming 

and other household cost following a prioritisation procedure. Some households will prioritise 

increasing food spending prior to investing in farming, while others do the opposite (based on 

information from the in-depth household-survey data). Each of the three categories of 

spending, food, farming and household costs, have three groups of spending (low, medium, 

high). Households that are in the lowest group for food and household costs are considered 

food insecure and below poverty line. The thresholds between the groups are based on the 

first and third quartile derived from the household survey data. Increasing or decreasing 

budget will allow households to move between the three groups of spending (low, medium, 

high) for each of the three categories of spending (food, farming and other household costs). 

The households are not allowed to move from a “low” group to a “high” one in a single year 

or vice versa (unless they need to clear debt).  
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Appendix 7.2 
PLUSES Validation and Verification 

 

Data validity  
Data Validity was established in three stages:  

1) Household data validation was done using secondary data from the literature;  

Data on household size distribution, landholding size and production on the farm were 

compared and found to follow similar distribution to data obtained during fieldwork from the 

Department of Statistics and Economics, documents later on released in the Nilgiris District 

Statistical Handbook (Department of Economics and Statistics, 2017).   

Data on farm income and spending were validated by Horticulture Department (vegetables) 

and United Planters Association of South India (tea and vegetables), whereas data on food 

spending where similar to findings of Indian Institute of Pubic Administration (CPRC, 2009). 

Because it was difficult to obtain and validate data on household income, debts and savings 

the model was constructed to include several options that can test the sensibility of the model 

to variation in these indicators. The lack of data on the financial balance of the household is 

considered a limitation of the model given its local importance. About 55% of the rural 

population of Kothagiri have access to and utilise banking services (District census handbook 

Nilgiris, 2011).  

There was no secondary data available to validate the age of the trees on the farm and the 

Forest Department provided no records either.  

2) Decision-making processes validation  

The processes that informed scheme enrolment and the management on the farm were based 

on in-depth household survey data validated through the RPG workshops. The RPG provided 

additional information on farm management and enrolment and those data were discussed and 

validated with stakeholders.  

Financial decision processes resulting from the RPG were discussed and validated during 

RPG debriefing sessions.  

The Operation Validity 
Operations and results of the final software and their validation with the real system:  

1. Land conversion 
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There is a notable conversion of tea land to agricultural land in the model. While the 

household survey does not support these findings, Nilgiris Small Tea Growers Association 

and Tea Board (South India) confirmed that the tea-growing land area in Nilgiris is following 

a downward trend. The area under harvest has been reported to have decreased by up to 20% 

between 2004-2014 (Thiagarajan, 2014).  

2. Outmigration/Land abandonment 

About 6% of the households in the modelled landscape migrate out of the landscape and 

abandon their lands due to financial insecurity. Focus group data support these findings with 

the six Badaga villages under study reporting land abandonment up to 20%). While there is 

no reported official data on out migration, census data of the area shows that between 2001 

and 2011 the population of Nilgiris district decreased with 3.51% (District census handbook 

Nilgiris, 2011) 

3. Land Market 

Results show that the land market is very dynamic with the total number of transactions 

exceeding the expectations derived from household survey data. The frequency of land 

transactions is not surprising considering that the low profitability of tea crops pushes farmers 

to land conversion, abandonment and sale.  

4. Economic decisions 

The model is fitted with validation charts that allow users to observe the fit of budget 

decisions (the cost of tea, the cost of agriculture, the cost of farm) to the initial data 

distribution. Under all scenarios tested the fit of the model produces results where R2 > 0.6. 

The Computerized Model Verification 

The verification process was conducted in four main stages that included:  

1. Debugging the model by verifying the code line; 

2. Performing different subroutines and sub-models independently (data training) and in 

different combinations and observing if the programmed model accurately reflects the 

conceptual model. Additionally, the model was split in six agent-based models of the 

independent villages to observe the fitness of the model. 

3. Setting up a tracking household tool that provides information about the decision 

processes that households take under given conditions. This tool has provided invaluable 

support in tracking errors and problems in the programming code. 


