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1.  [bookmark: _Toc34650088]Supplementary Information 
The following section provides a brief overview of settlement history in the Brazilian Amazon – and associated environmental degradation – and the rationale for the Terra Legal Programme. 

[bookmark: _Toc34650089]Supplementary Notes

Related Literature 
We are only aware of four published studies that use quasi-experimental methods and a credible counterfactual to explore the effect of tenure rights on forest cover: Blackman et al.1, Buntaine et al.2, BenYishay et al.3, and Liscow4. Whereas the first three focus on indigenous lands, the last focuses on private landholders. 
Blackman et al.1 use satellite and community-level longitudinal data to explore the impact of titling indigenous land on deforestation and forest degradation in Peru, and find that titling significantly reduces forest disturbance in the two years after the title was received. Buntaine et al.2 use a five-year time frame and employ matched difference-in-difference models to investigate the effect of titling indigenous land on deforestation in Peru. In contrast, BenYishay et al. (2017) find that titling indigenous land in Brazil had no effect on deforestation after matching titled and untitled communities. These results suggest that there might be inter-country differences, such as population density and outside deforestation pressures, as well as differences in time frames that affect the study results. Our study is closest to Liscow (2013), who uses a natural experiment to study the effect of the Sandinista land reform in Nicaragua that created differences in land tenure security along geographical lines. By analysing cross-sectional data and employing instrumental variables, he finds improved tenure rights on private and cooperative landholdings were associated with higher levels of deforestation. However, Liscow (2013) results rely on self-reported deforestation data, whereas our results use high-resolution satellite imagery. 

Deforestation in Brazil
In the 1940s, Brazil started colonizing the Amazonian region more actively, since the government feared that other countries could take over the sparsely occupied territory. In the following decades, governmental institutions, such as National Institute for Colonization and Agrarian Reform (INCRA), incentivised almost one million Brazilians to move into 85 million hectares of forested land. Major infrastructure extension, such as the Trans-Amazon Highway, further aided the economic integration5. 
	In these remote territories, often without an intact judicial system, deforestation was used to signal ownership in the Amazon, where land rights continue to be weak, overlapping and contentious.  This approach is similar to colonisation in the United States in the 18th and 19th century, where so-called 'tomahawk rights' – which included marking trees – were used as extra-legal titles, which were later legalised6.  Skyrocketing deforestation rates, which reached 27,000 km2 in 2004, led the Brazilian government to launch an inter-ministerial effort called Plan for the Prevention and Control of Deforestation in the Brazilian Amazon (Portuguese acronym: PPCDam) in 2004 7.	
	The interventions of the PPCDam have contributed to the more than fourfold reduction in deforestation rates between 2004 and 2014 (Figure 1).  However, the period 2014-2016 has seen a spike in deforestation again, reaching almost 8,000 km2 in 2016, which represents a 37.5% increase since 2014. Currently in its fourth phase (2016-2020), the PPCDam centres around four thematic axes, namely i) land and territorial planning, ii) environmental monitoring and control, iii) promotion of sustainable activities, and iv) economic and regulatory instruments 7.
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Supplementary Figure 1: Yearly deforestation rates in the Brazilian Amazon from 2004–2016 (IPAM, 2017). The inter-ministerial effort called Plan for the Prevention and Control of Deforestation in the Brazilian Amazon (PPCDam) is credited with playing a central role in reducing deforestation.

[bookmark: _Toc359248521][bookmark: _Toc361497981]Terra Legal Programme 
The Terra Legal Programme (TLP) was introduced in 2009 and falls under the first category of the PPCDam (land and territorial planning). It gained momentum during a larger shift in the Brazilian Amazon to geo-reference and monitor properties to ascertain that they follow environmental requirements, such as the Forest Code. As mentioned in the literature review, properties are required to be registered in a central database, called Cadastro Ambiental Rural (CAR), which facilities oversight and control by public authorities.  
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Supplementary Figure 2: The Terra Legal Programme is rolled in the Legal Amazon in Brazil set to regulate an area as big as Germany and France combined. Green areas represent undesignated public land, which is being regulated. Orange polygons are landholdings of varying size. Note: the titled plots are shown in more detail in Supplementary Figure 3-5. Source: Author

	Terra Legal seeks to title 57 out of 120 million hectares of so-called 'undesignated public land', which has no special purpose such as a protected area or indigenous land. This surface corresponds to the size of France and Germany put together. For generations, people have inhabited these territories without possessing a formal land title. The programme has limited financial resources, with around $0,12 per hectare in 2016. Despite a slower rollout than initially planned, the TLP has to date assigned more than 18 million hectares, which accounts for 30% of the total area designated to be allocated. 
	The TLP follows a sequence of steps to determine property boundaries. The first is the geo-referencing of the undesignated public lands and the farm plots within it. To date, more than 150,000 occupations have been geo-referenced corresponding to 59 million hectares of land. This is more than the 57 million hectares the TLP should originally address and already includes land that will be titled in the future by the TLP. Secondly, to be eligible for the land title, occupants need to prove effective cultivation and occupations prior to July 2008. The land title – once handed out – remains temporary for ten years and its final transfer is contingent on a number of social and environmental conditions, such as 80% of forest cover needs to be maintained or afforested in case of deforestation. An important exception to this rule is if deforestation took place before 2008, then an amnesty is granted, but still requires the landholders to at least maintain 50% of forest cover. To this date around 14,000 titles have been handed out. 

Strategic Registration 
We also tested whether strategic registration took place within the programme, which is to be expected if landholders self-declare their property boundaries. This is important to understand for several reasons. First, it is important for the design of future tenure regularisation policies, which might set incentives for landholders to intentionally falsify the self-declaration of their property boundaries. Second, those that self-select into property sizes just below a threshold (which carries laxer standards, see below) might tend to deforest more. Hence, introducing more random checks for these properties might be warranted. 
For each State, there are clear thresholds in terms of property size in hectares, of what is considered small, medium and large. These property sizes are measures in so-called Módulos Ficais (MF), which are between 5-110 hectares per unit depending on the municipality. Three landholder groups can be distinguished with respect to the level of fee that has to be paid to receive their provisional title. Landholders with small properties receive the title for free. Landholders with medium-sized properties need to pay a symbolic fee for the title while famers with large properties pay a higher fee per hectare and are also subjected to more on-site inspections from TLP staff to verify their claims. Participants in the TLP clearly have an incentive to register plots just below each threshold. Ratios indicating the proportion just under a threshold compared to the proportion just over it indicate that strategic registration took place in the TLP. We observe that 73% more plots registered just below the ‘small property’ threshold, while the effect was even more pronounced for the threshold between medium and large, where 92% more properties were registered just below the threshold. Generally, it is not allowed to split plots into different sizes and register them, but there have been some reported instances of attempted fraud (Brito and Barreto, 2011). Notably, comparing the average deforestation rate during the study period shows that properties just under 4 MF deforest on average 57% more than those just over the threshold.
[bookmark: _Toc34650090]Supplementary Figures

Geographic Distribution of Plots & Highest deforesters

The following maps and figures show the geographic distribution across the states of the Legal Amazon in Brazil. 
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Supplementary Figure 3: Overview of titled plots across the Legal Amazon
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Supplementary Figure 4: Map of titling patters in Rondônia. Black dots on map are the titled properties. Source: author
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Supplementary Figure 5: Map of titling patters across Pará and Maranhão. Black dots on map are the titled properties. Source: author
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Supplementary Figure 6: (a) Distribution of titling per state, (b) 90th percentile deforestation in % per state, and (c) 99th percentile of deforestation. Source: author
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The following tables are from the Results and the Methods section in the main article. The numbering of the tables following the numbering in the main text. 
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Supplementary Table 1: The impact of receiving a property title on deforestation. 
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Supplementary Table 2: Number of titled plots across different titling years per state
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Supplementary Table 3: Titling trends across years and plot sizes
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[bookmark: _Toc361392188][bookmark: _Toc361497179]Supplementary Figure 7: Characteristics of titled plots across different titling years shows slight variations across year, but no substantial differences between titling years.
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a)Distribution of titling per state, b) 90t percentile deforestation, c) 99th percentile deforestation,
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Impact of receiving a property title on
% deforestation (ihs-transformed)

Event Property Title
Standard

Year Effect Error

-4 -0.004 0.017
-3 -0.001 0.012
-2 -0.012 0.009
-1 -0.016 ** 0.007
0 Base Base
1 0.006 0.006
2 0.017 ** 0.009
3 0.015 0.012
4 0.046 ** 0.018

Note: Includes as control variables: year,
beef prices, crop prices, agricultural
suitability and distance to roads (the latter
two interacted with the year variable). IHS
refers to the inverse hyperbolic sine
transformation, commonly used when a log
transformation is not possible due to zeroes
in the data. * p<0.10, ** p<0.05,%** p <
0.01.
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Number of titled plots per state

AC AM AP MA MT PA RO TO Tot. %
2012 2 118 0 343 27 190 672 2 1354 11%
2013 9 263 0 208 4 222 344 56 1106 9%
2014 46 182 206 500 31 1028 913 36 2942 24%
2015 38 1197 430 781 137 950 1598 114 5245 42%
2016 8 387 57 263 19 709 217 165 1825 15%
Tot. 103 2147 693 2095 218 3099 3744 373 12472 100%

Titling runs from August 2011 to August 2016. As mentioned, titling dates were recoded to be in
sync with the PRODES methodology. Hence, e.g., August 2011- July 2012 is recorded as titled in
2012.
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