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Environmental Management in Antarctica 
using Geographical Information Systems 

Colin M. Harris 

Summary 

This dissertation examines terrestrial and near-shore marine environmental management 
problems in Antarctica, emphasising the potential application of Geographical Information 
Systems (GIS). Rules for environmental management in Antarctica have been agreed 
within the Antarctic Treaty system (ATS) and in the 1991 Protocol on Environmental 
Protection to the Antarctic Treaty. However, barriers exist to the implementation of 
environmental policies: King George Island, South Shetland Islands, where currently 8 
countries operate permanent scientific stations, exhibits practical examples of the resulting 
problems. Designation of Antarctic Specially Protected Areas (ASPAs) and Antarctic 
Specially Managed Areas (ASMAs) under the Protocol would improve management in 
this complex multinational context, but it is concluded these currently lack a standardised 
set of zones that can be applied to meet management needs. Five types of management 
zone are therefore proposed to define those areas with special qualities or management 
needs: Sensitive Areas, Scientific Areas, Tourist Areas, Facilities Areas and Historic 
Areas. Applying these zones within ASPAs and ASMAs could provide a local and 
regional planning framework to manage human activities, thus minimising potential 
environmental impacts and conflicts of interest. 

Geographical information is vital to ensuring measures are effective. Information 
required for management of ASP As and ASMAs could be collected, stored and 
coordinated at national and regional data centres, using GIS where appropriate to handle 
the spatial data. At an international level, an Antarctic Treaty Data Centre (ATDC) is 
proposed to receive and coordinate data and directories from participating national and 
regional centres, to establish a scientific and environmental data system, and to manage 
the information needed for the operation of the Treaty and its Protocol. This approach 
would allow environmental information to be held at the local, regional or international 
level at which it is most needed, and also assist the flow of information among 
programmes, nations and disciplines. 

GIS could be employed to assist development of common spatial frameworks, which 
facilitate the organisation and integration of spatial databases. The GIS-based Antarctic 
Digital Database appears to provide the coordinated framework needed at scales of 
1 :250,000 and smaller, but is of insufficient resolution, and does not contain the data 
required, to meet environmental management (and science) needs at local- regional levels 
- especially for -environmental assessments and monitoring. More detailed databases 
need to be constructed, but geographical data needs must be prioritised. The 
organisational aspects of GIS need to be addressed, such as international standards for 
spatial data quality and exchange. The ATDC, National and Regional Data Centres 
proposed could help meet these needs. 

Conflicting goals and uses in Antarctica need to be .managed more deliberately than 
in the past, and in spite of the improvements in the Protocol, tools for practical 
implementation of policies at the local and regional levels, and in relation to 
environmental information management, are still lacking. The model reforms suggested 
- using GIS to handle environmental information - are designed to address these 
weaknesses and closely link environmental management and environmental information 
management and place them at the core of the ATS. 
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Part One 

Environmental management in Antarctica: 
issues, instruments, institutions, 

impediments and information 



1 

Environmental management in Antarctica: 
introduction to issues 

1. 1 International environmental management in Antarctica 
Antarctica has a comparatively brief history of human activity. The Antarctic region was 
first explored about 220 years ago by James Cook (Bonner 1987a), but interest was long 
confined to the surrounding seas: people neither sighted nor set foot on the continent itself 
until around 1820 (Headland 1989). It was not until this century that exploration of the 
continent began in earnest. However, the human presence in the region through to the 
present day has always been sparse, though the effects of commercial exploitation have been 
severe on the marine ecosystem (Bonner 1987a). The terrestrial environment has been less 
subjected to human impact, and the most noticeable effects are related to the presence of 
scientific stations (Walton 1987a), 37 of which were operated south of 60°S year-round by 
17 countries in 1992 (SCAR 1992a). Half of these are located on the Antarctic Peninsula, 
eight of them sited on King George Island, South Shetland Islands (Figure 1.1). The 
transient Antarctic population peaks in summer, when recently about 8000 scientists and 
support personnel work in or visit the region: about 1200 winter over (Beltramino 1993). 
Summer is also the most favourable period for tourist visits, and approximately 6000 visited 
the region by ship in the 1991- 92 season, mostly to the Antarctic Peninsula (Enzenbacher 
1992a). Tourists arriving by air are few, with an average of only about 150 each season 
over the last decade (Enzenbacher 1992b). 

This cold and inhospitable region is generally considered to be the part of the world 
least affected by human activities. Plant communities are sparse, but there are large 
populations of breeding birds and mammals: these are concentrated mostly in the 1-2% of 
the continental area that is free of permanent ice, almost exclusively in coastal locations. 
Since 1961 , the region has been the subject of the Antarctic Treaty. Good introductions to 
the Antarctic environment may be found in Benninghoff (1987), Walton (1987a) , May 
(1988), Stonehouse (1990a) and many others, and to the conservation status of the region in 
SCAR (1985) and Croxall (1987). 

Interest in Antarctic environmental issues throughout the 1980s was spurred by a wide 
range of events and circumstances, difficult to attribute to any single cause. Prominent 
influences on international interest were: 
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• the vigorous debate surrounding the regime to regulate mineral resources activities 
(Harris 1984, Westermeyer 1984, de Wit 1985, Orrego Vicufia 1988, Joyner and 
Chopra 1988, US Congress 1989, Klotz 1990, Cook 1990, J~rgensen-Dahl and 
0streng 1991, Wolfrum 1991); 

• the possibility for a Treaty review conference as the end of the first 30 years of the 
Treaty approached in 1991 (Trolle-Andei:son 1987: 63); 

• increasing pressure from environmental organisations (Greenpeace International 1985, 
1989; Suter 1991); and 

• increasing awareness of the importance of Antarctica in global environmental processes, 
particularly as a result of discovery of the depletion of ozone over Antarctica (Farman et 
al. 1985) and intensified debate on climate change (Budd et al. 1989, Houghton et al. 
1990, Harris and Stonehouse 1991). 

At the close of the decade the proposed mineral resources regime failed to gain universal 
acceptance (Blay and Tsameni 1990), and two polar maritime disasters - Exxon Valdez in 
the Arctic (Davidson 1990), and Bahia Paraiso in the Antarctic close to a site of intensive 
biological research (Wilkniss and Chiang 1990, Kennicutt and Sweet 1992) - highlighted 
the dangers of environmental degradation associated with human activities in Antarctica. 
Moreover, the number of nations party to the Antarctic Treaty had grown rapidly over this 
period (Headland 1989, Berkman 1992) 1, tourist interest was increasing (Enzenbacher 
1992b ), and existing and potential conflicts of interest were being perceived (Headland and 
Keage 1985, ATCPs 1986, Heap 1987, Wolfrum 1988). There had also been sustained 
criticism of the Antarctic Treaty system from non-Treaty countries, notably through United 
Nations (UN) channels (Triggs 1987c, Beck 1986, 1989, 1990, 1991; Edmar 1990). The 
UN Conference on Environment and Development in 1992 was a high-profile platform 
where this criticism might have been made more potent had Treaty Parties not taken steps to 
show they were intent on managing the Antarctic environment more comprehensively. 

Toward the thirtieth anniversary of the operation of the Treaty, activity in Antarctic 
affairs was particularly lively, culminating in agreement in October 1991 of the Protocol on 
Environmental Protection to the Antarctic Treaty2 (hereafter referred to as the Protocol), 
which has the potential to alter profoundly the existing basis for environmental management 
in the region. Before discussing the basis for Antarctic environmental management in more 
detail in Chapter 2, the general background and the issues important in this unique 
international context will be highlighted. 

The Antarctic Treaty, originally signed by 12 states in 1959 and effective since 1961, 
applies to the area south of 60°S. The Treaty has been discussed at length in many works 
(e.g. Beck 1986, Triggs 1987a, Bush 1988, Joyner and Chopra 1988, Peterson 1988, 

1 41 nations were contracting parties to the Treaty as at April 23, 1993. Details of original and subsequent 
signatories and their dates of adherence are provided in Appendix One. 
2 The complete text of the Protocol appears in Appendix Two. 
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Parsons 1989, Sahurie 1992, Watts 1992). It is sufficient here to note only its main 
features. Its primary functions were to put aside difficulties presented by territorial claims 
made in the region by seven nations (Argentina, Australia, Chile, France, New Zealand, 
Norway, and the United Kingdom) (Article IV) - some of the claims were competing, and 
some countries would not recognise any claims; to ensure the region was used for peaceful 
purposes (Article I); and to guarantee freedom of access for continued scientific 
investigations following the International Geophysical Year (IGY) of 1957- 58 (Article II). 

The Treaty is open to accession by any state that is a member of the UN or that is 
invited to accede by the mutual consent of all Parties (Article XIII), and provides a 
mechanism for regular meetings of these Parties (known as Antarctic Treaty Consultative 
Meetings - ATCMs) (Article IX). Measures may be agreed at ATCMs to further the aims 
of the Treaty, known as ATCM Recommendations (Article IX). The original signatories 
automatically gained full rights of participation (i.e. to vote) at these meetings, according 
them the status of Antarctic Treaty Consultative Parties (ATCPs). States subsequently 
acceding to the Treaty do not gain these rights automatically, but may be admitted to 
consultative status only by the mutual agreement of all existing A TCPs: this is conditional 
on their having conducted 'substantial' scientific research in the region. While the Treaty 
attempts to clarify the term 'substantial' as meaning to establish a scientific station or 
dispatch a scientific expedition, in practice admission to consultative status is a subjective 
decision by existing ATCPs (Sahurie 1992: 12). Up until 1980, only one of the 10 Parties 
that had by then acceded to the Treaty had been granted consultative status; by 1993, 15 of 
30 acceding states were of ATCP status, bringing the total number of ATCPs to 261. 
Acceding Parties that have not applied for or not been granted consultative status are Non
Consultative Parties (NCPs), and may participate in ATCMs with observer status. The text 
of the Treaty and ATCM Recommendations can be found in Heap (1990) and in ATCM 
reports (e.g. ATCPs 1986, 1987, 1990a, 1990b, 1992a). 

Decisions within this regulatory framework are made by ATCPs by consensus, 
usually in the form of ATCM Recommendations. Such Recommendations are then enacted 
into national legislation by the Contracting Parties (i.e. legally ratified), which may then be 
used to enforce the provisions. Recommendations do not come into legal force until they 
have been ratified by all of the A TCPs that were party to their original agreement at the 
ATCM. The Treaty provides that exchange scientists and observers shall be subject only to 
the jurisdiction of the Contracting Party of which they are nationals (Article VIII). Problems 
related to the exercise of jurisdiction over other persons present in Antarctica remain 
unresolved (Auburn 1982: 184; Watts 1992). Jurisdictional problems notwithstanding, the 
Treaty requires Contracting Parties to endeavour to ensure that no one (including non
signatories) engages in any activities in Antarctica contrary to the agreement' s aims. 

1 Unification of Germany on October 3, 1990, reduced the total number of ATCPs by one. 
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The synopsis above indicates the main features of the Treaty framework, which 
provides the international legal basis for the regulation of Antarctic activities. However, 
international coordination of science is the function of the Scientific Committee on Antarctic 
Research (SCAR), which was established in 1958 as a committee of the International 
Council of Scientific Unions (ICSU). SCAR is charged with the 'initiation, promotion and 
coordination of scientific activity in the Antarctic, with the aim of framing programmes of 
international scope and significance' (SCAR 1987). The geographical scope of SCAR's 
remit is different from that of the Treaty: SCAR defines the Antarctic by the biogeographical 
boundary of the Antarctic Convergence, although it has not found it necessary to define 
precisely the geographical limits of its area of interest. History of the origins and structure 
of SCAR have been reviewed by Fifield (1987), Walton (1987b), and Fogg (1992), and the 
evolution of views of SCAR's place in relation to the Treaty have been discussed by Myhre 
(1986) and Beck (1986). SCAR membership is listed in Appendix One. 

The Treaty repeatedly emphasises the importance of Antarctica for scientific 
investigation, and the region has often been called a 'continent for science' (Lewis 1965, 
Headland 1989: 22; British Antarctic Survey: no date). This emphasis has arisen primarily 
after the IGY, following which the scientific presence in Antarctica expanded dramatically 
(Headland 1989, Fogg 1992) - but it should be noted that the region has been, and still is, 
important for a range of purposes other than science (Bonner 1987a). Figure 1.2, based on 
Headland's (1989: 26- 30) and Bonner's (1987a) synopses of important phases in Antarctic 
history, illustrates that these uses also include discovery and exploration, major (and 
devastating) commercial exploitation of marine living resources, tourism, and conservation 
for varied reasons (e.g. preserving biodiversity, aesthetic purposes). The diagram shows 
that not only have the uses of the Antarctic region changed over time, but priorities and 
perceptions of the nature and extent of its value have also changed. Headland's (1989: 26) 
comment that "the dates are generalisations - there are no 'watertight compartments' in the 
historical continuum" applies also to Figure 1.2. It is clear that the range of uses and 
priorities has increased, and that some of these may not be mutually compatible: hence, the 
emphasis in the diagram that in recent times Antarctica has become a 'continent for 
management' as well. Interesting shifts in dominant Antarctic paradigms can be postulated: 
from a 'Continent for Discovery' to a 'Continent for Exploration and Exploitation', to a 
'Continent for Science', to more recently a 'Continent for Conservation and Management', 
where science and other uses are seen as conditional, and not of over-riding, priority. 
Accordingly, we might anticipate uses and paradigms also to shift in the future : this may 
demand even more sophisticated measures for management (see e.g. Swithinbank 1993). 
Science is currently a dominant activity in the Antarctic Treaty area, with information and 
knowledge being the principal products. Antarctic scientific research is necessary for at 
least four key purposes: 
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Figure 1.2 Model ·of the history of changing uses and perceptions of Antarctica. 

1 . Whether people visit Antarctica or not, effects derived from human activities will occur 
there because of links through global atmospheric and oceanic systems. It is important 
that baseline data on the reference state of the environment be gathered so we can better 
understand the nature of these effects and their implications for biophysical systems; 

2 . Changes occurring in Antarctica are of importance to conditions elsewhere on the globe. 
It is important to understand the processes and monitor changes if we hope to avoid 
possible environmental problems of world-wide significance triggered through remote 
and inadvertent human disturbance of the Antarctic environment; 
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3. If we accept that exploitation of the Southern Ocean, tourism and scientific research will 
continue to occur and perhaps accelerate, then a sound base of scientific knowledge is 
essential for management of the region. Research itself is a prerequisite for anticipating 
and mitigating impacts arising from these activities; 

4. The Antarctic environment is ideally suited to certain types of scientific enquiry (e.g. 
upper atmospheric physics, global change studies), which are of importance for social 
and economic reasons ( e.g. communications, anticipating the effects of environmental 
changes and developing policies to respond). 

1. 2 Preservation versus use 
The arguments given above are persuasive that Antarctic research is important for the 
protection of the global environment. Taken to extreme, it could be argued that any science 
of 'global significance' should take precedence over local-scale environmental effects. It 
could be proposed that the scientists are themselves best qualified to judge the level of 
activity that is desirable, and to decide on which local scale resulting perturbations are 
acceptable. The rapid pace at which some changes are occuring in the global environment 
(e.g. the seasonal reduction in the ozone layer, changes in the current greenhouse gas 
concentrations) lends weight to this argument: indeed, the President of SCAR maintained 
that science in the 'global interest' should take precedence over impacts at a local scale 
(Laws 1991a, 1991b). This argument maintains that current levels of impact as a result of 
scientific activities in Antarctica are negligible in relation to the size of the region: 
unreasonable restrictions imposed by environmental protectionism are endangering the 
freedom of scientific enquiry. Moreover, there is fear that scarce resources currently 
devoted to basic research will be usurped by requirements for costly, perhaps less 
necessary, applied environmental monitoring (Fogg 1992, Drewry 1993) 

Opposing these arguments are those who advocate closer monitoring of Antarctic 
activities and more stringent environmental controls (May 1988, Manheim 1992, Sabella 
1992). The fragile and pristine nature of the continent are emphasised, an approach 
commonly adopted by environmentalists, most of whom are acting in what they also believe 
to be the 'global interest'. Recent scientific results on the extent of Antarctic pollution 
(Kennicutt and Champ 1992) lend credence to the view of Laws (1991a, 1991b), but it 
should be noted that most scientific work in Antarctica is conducted in regions easily 
accessible to stations - for logistic and economic reasons·- perturbations associated with 
stations are therefore more likely to disrupt scientific results. Local contamination has the 
potential to impair long-term science programmes, in which large investments may have 
been made. For example, the loss of fuel associated with the sinking of the Bahia Paraiso 
affected a Long Term Ecological Research Site close to Palmer Station. Moreover, areas of 
most interest to those establishing permanent facilities in Antarctica also tend to be those of 
most interest to wildlife ( often for similar reasons - e.g. ease of access, mild or sheltered 
conditions). 
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Antarctica is not pristine, but it is still less affected by human activities than most other 
parts of the world, and much of Antarctica's value lies in maintaining this relatively 
unperturbed state. However, transport, supplies and accommodation are essential to 
facilitate science and other activities. Between the extremes there is a full range of views; 
scientists who support environmentalists and vice versa. The arguments are Antarctic 
variants of the more general 'preservation versus use' debate which has been central to the 
management of vulnerable or unspoiled regions in all parts of the world. New concepts are 
being developed which attempt to reconcile these apparent opposites, and conservation and 
development are now being seen by many as inter-twined (IUCN 1980, World Commission 
on Environment and Development 1987, Pearce 1992). The challenge for environmental 
management in Antarctica is to develop approaches to assess, predict, and monitor the 
potentially conflicting outcomes of legitimate uses of the region, so that policies can be 
constructed to ensure many goals may be met simultaneously and sustained indefinitely. 

1. 3 Assessing and monitoring environmental effects 
The terrestrial ecosystems supported in Antarctica are characterised by geographical 
discontinuity, harsh environmental conditions, low species diversity and slow rates of 
growth and establishment (Laws 1984, Walton 1987a). While discontinuous, communities 
are repeated widely throughout the region, making the ecosystem as a whole relatively 
resilient to disturbance. Locally, however, ecosystems are fragile and have a small capacity 
to absorb change without being profoundly altered, and are therefore vulnerable to impact. 
The definition of 'impact' used in this thesis is that given by Wathem (1988: 7): 

The change in an environmental parameter, over a specified period and within a 
defined area, resulting from a particular activity compared with the situation that 
would have occurred had the activity not been initiated. 

Environmental impact assessment (EIA) was defined by Wathern (1988: 6) as a process for 
identifying the likely consequences for the environment and human welfare of implementing 
particular activities and for conveying this information, at a stage when it can affect 
decisions made, t<;> the responsible parties. EIA is thus a process designed to help resolve 
conflicts between environmental and development goals. Appearing for the first time in the 
US National Environmental Policy Act of 1969, EIA has been quickly and widely adopted 
in the developed world and is now also common in developing countries (Wathern 1988: 3). 
A general model of the EIA process is presented in Figure 1.3: the approach adopted in 
Antarctica follows this general form. 

A number of issues may be raised over whether EIA procedures are likely to achieve 
their objectives - that is to avoid or mitigate significant adverse environmental effects 
arising from activities conducted in Antarctica, objectives that are now formally incorporated 
into the Protocol (Article 3). Briefly, the issues may be outlined as follows: 

8 



• 
Introduction to issues 

Define 
proposal 

Define issues 

Ident ify impacis 

Predict impacts 

Assess impacts 

Identify monito1ing 
and mitigation 

Prepare draft EIA 

Prepare fina l E IA 

lrnp lemema1 ion 

Monitor 

Audit 

Sco~in;i 

EIA 
preparat ion 

Monitor ing 

Auditing 

Figure 1.3 Model of the main components in the EIA process (from Wathern 1988: 18) 

1 . EIA is usually a reactive procedure to particular development proposals (Wood 1988, 
Cocklin, Parker and Hay 1992); 

2. Cumulative effects both across space and over time are not easily incorporated into EIA; 
. 

3. Projects in themselves may have only minor or transitory effects, yet when they 
accumulate over time and space their impacts may be magnified: a process ref erred to by 
Odum (1982) as the 'tyranny of small decisions'. 

4. The agency and/or scientist proposing and activity may also be the assessor; 

5. It is difficult to derive universal and consistent definitions of impact 'significance'; 
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6. It is often difficult to separate human from natural changes in a system that is naturally 
variable (Young 1991); 

7. It is necessary to have a clear statement of environmental objectives in order to assess 
whether proposed activities are likely to compromise goals - the more specific the 
objectives, the easier this is to assess: objectives are not always clearly defined; 

8 . It is desirable to have good data on the initial reference state of the environment in order 
to assess the significance and the probable cause of changes. 

Scientists and managers may gloss over potential impacts in order to get proposals 
accepted. This may be justified by 'outstanding scientific priority', or perhaps 'global 
significance'; or the potential effects may be assumed negligible in relation to the size of 
Antarctica, or in relation to the perceived benefits. Balanced against the dangers of ignoring 
environmental impacts, there is a need for practical and cost-effective approaches: EIA has 
been frequently criticised for its lengthy and at times irrelevant treatment of environmental 
problems (Wathern 1988). This is of crucial concern in Antarctica, where the range of 
countries is large and expertise varies widely: for EIA to retain credibility there is a need for 
consistent, quality, and not excessive, implementation. Achieving the right balance is likely 
to be difficult. 

Consistency is hard to achieve when key terms such as 'significance' are only vaguely 
defined. This problem was recognised by COMNAP (1991), which favoured the appraisal 
of 'significance' on a project-by-project basis. This has the advantage of flexibility, but 
defining criteria are likely to vary from person to person and over time. To overcome this 
problem in part, illustrative lists designed to highlight activities with a high probability of 
causing impacts were developed by Benninghoff and Bonner (1985) , Abbott and 
Benninghoff (1990), Martin (1991), SCAR/COMNAP (1992a) and ATCPs (1992b): the 
two last-named omitted a number of important factors and are less comprehensive than that 
offered by Martin (1991) . An amalgam of the lists is presented in Table 1.11. While such 
lists are useful indicators of impacts and their potential significance, a possible weakness is 
that they fail to show linkages that exist among factors. These links may be of importance, 
especially where .synergistic effects or feedback loops are operating. Logan (1986), on the 
other hand, attempted to provide specific guidelines on what might constitute an impact of 
'significance' , suggesting that a 10% increase in facilities, or in personnel, or in power 
generation could be considered significant. The difficulties noted earlier relating to 
cumulative effects apply also to this approach. 

Concepts of significance are in theory scientifically definable, but in practice are also 
culturally definable, and these concepts change over time and from culture to culture. 
Moreover, the acceptability of impact is always in relation to the perceived benefits to be 
gained by continuing the activity. Accidental impacts (e.g. sinking of a ship) are likely to 

1 The list in Appendix Six was developed for other purposes, but has also been of use here. 

1 0 



Introduction to issues 

Table 1.1 Potential environmental impacts in Antarctica (very unlikely and negligible impacts 
have been ignored) (adapted from: Abbott and Benninghoff 1990, Martin 1991, 
ATCPs 1992b, SCAR/COMNAP 1992a, Appendix Six). 

Terrestrial & Freshwater 

Habitat destruction / modification 
Destruction I removal I modification 

of biota, fossils, geomorphology, 
natural features etc. 

Modification of vital rates of biota 
( disturbance to production and/or 
growth) 

Modification of behaviour or 
distribution of biota 

Introduction of alien biota 
Pollution by: 

biocides and noxious substances 
nutrients ( eutrophication) 
radionuclides 
inert materials 
noise 
heat 
electromagnetic radiation 

Modification of thermal balance of 
the environment 

Aesthetic intrusion 
Destruction I removal I modification 

of historic or cultural features 

Marine 

a. Shoreline I enclosed waters I 
benthos 

Habitat destruction / modification 
Destruction I removal I modification 

of biota, fossils, natural features 
etc . 

Modification of vital rates of biota 

Modification of behaviour or 
distribution of biota 

Introduction of alien biota 
Pollution by: 

biocides and noxious substances 
nutrients 
radionuclides 
inert materials (dumping) 
noise 
heat 

Modification of thermal balance of 
the environment 

Aesthetic intrusion 

b. Open ocean 
Destruction of biota 
Deep seismic explosions 
Noise 
Catastrophic pollution 
Commercial harvesting 

Atmospheric 

Pollution by: 
sulphur oxides 
nitrogen oxides 
carbon monoxide 
carbon dioxide 
hydrocarbons 
radionuclides 
dusts 
microbiota 
electromagnetic radiation 

Aesthetic intrusion 

occur at any time, though of low probability and steps can be taken to minimise risks. Are 
the risks of such occurrences acceptable given the importance of Antarctic scientific research 
noted above? If so, are the means available to respond to such emergencies? EIA is a 
process that attempts to achieve compromise, which is not absolute. Are the procedures 
acceptable from scientific, environmental and practical points of view? The process is clear, 
simple and general enough to be applied in situations requiring a reactive planning approach, 
and it does not appear to be unnecessarily bureaucratic - although the potential is certainly 
there. However, the definitional problems and the potential lack of independent decision 
making, noted above, raise doubts over whether EIA will avoid all those environmental 
impacts perceived by the majority as 'significant', particularly those of a cumulative nature. 

Bonner (1984: 846) suggested that 'effective conservation will depend on nations 
enforcing ... legislation'. However, Young (1990: 18) argued that international 
environmental regimes that require enforcement to be effective are bound to failure, and that 
improvement in monitoring can in itself result in more effective compliance. Monitoring of 
environmental impact requires clear statements of objectives, so it is known when to 
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monitor, what to monitor, how long to monitor and to be able to identify when critical levels 
are reached (Hellawell 1991, Usher 1991). Good information on the initial reference state 
of the environment is desirable to compare change with what would have occurred had the 
impacting activity not taken place. Assessing changes may require long-term ecosystem 
monitoring data (Abbott and Benninghoff 1990), which are sparse in Antarctica- although 
some efforts are under way to address the situation (e.g. Quetin and Ross 1992). Champ et 
al. (1992) have suggested that currently available information in Antarctica is still 
insufficient to provide in-depth understanding of the effects of human activities on the 
environment. 

1 . 4 The need for geographical information and coordination 
It is clear from the issues identified above that management of activities and the environment 
in Antarctica will depend heavily on information: its quality, accessibility, timeliness and 
the form in which it is available - factors that are themselves linked to management policies 
and structures. In view of this interdependence it is necessary to develop approaches to the 
management of the environment in concert with strategies for management of the 
information upon which these depend. Without hard data in support, it may prove difficult 
to implement legislative controls. These are primary reasons why this research is directed 
toward developing ways to encourage a closer coupling of these activities in Antarctica. 

Multinational activities in Antarctica make the management of information of even 
greater importance and yet, while recognised in several of the Treaty articles requiring 
Parties to exchange information, in practice Treaty Parties have not met th~se obligations as 
fully as might be desired (Information Paper 30: ATCPs 1991b). Moreover, data 
duplication among multiple national programmes has emerged as a problem (recent 
examples are noted in SCAR (1993a)). Recently, ATCM Recommendation XIII-5 called on 
SCAR ' ... to provide advice on steps that might be taken to improve the comparability and 
accessibility of scientific data on Antarctica', particularly in relation to the protection of the 
Antarctic environment (ATCPs 1986). 

Parsons ( 1989: 39) commented: 

These ... steps are potentially significant since they would provide the basis for long-range planning and management of Antarctica and activities there. The data collection and management issue is a critical first step in developing this .. . 

SCAR responded to Recommendation Xill-5 by recommending the development of national 
data directories . Noting this, the ATCPs agreed Recommendati.on XV-16, which 
recognised the desirability of creating 'an Antarctic scientific data system for use in 
facilitating environmental assessment and monitoring and the promotion of scientific 
research' (ATCPs 1990a: 95). Furthermore, it was recommended that ATCP governments: 
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3 .... agree to assist the SCAR Committee to develop a programme of work 
describing further steps needed to create an Antarctic Scientific and 
Environmental Data System, including consideration of relevant technologies. 

_ 4. Upon completion of the draft programme of work developed by SCAR, in 
cooperation with relevant governmental experts, [the ATCPs] convene ... a 
Meeting of Experts, with expertise in data management, to consider how to 
establish an Antarctic Scientific and Environmental Data System. 

(ATCPs 1990a: 95) 

Geographical information is of importance to management of the environment, 

especially in relation to resolving conflicting goals over conservation, use and development. 

There is much current interest in Geographical Information Systems (GIS) as a new set of 

tools and methods that may be used to organise environmental information and analyse 

resource management problems (Maguire, Goodchild and Rhind 1991). Recently the 

ATCPs (1992b: 22) and SCAR/COMNAP (1992a) noted the potential advantages of GIS to 

build a common spatial framework for plotting environmental data. A feature of GIS is their 

ability to draw together data from a range of sources, scales and times into a common 

framework that allows selective analysis of spatial and temporal relationships, capabilities 

that are of particular relevance to environmental assessment and monitoring (Abbott and 

Benninghoff 1990). This capacity is frequently viewed as a process involving the 

development of a database comprising a series of spatially co-registered thematic layers, 

which can be selectively combined to highlight relationships (Figure 1.4 ). 

Composite 

Ecological sites 

Historic sites 

Visual 

Health 

Settlements 

Noise 

Severance 

Water 

Figure 1.4 The concept of the overlay method to show geographical relationships (from · 
Wathern 1988: 15) 

While the overlay method had been manually applied to environmental planning prior 

to the general availability of computerised systems for handling graphical spatial data 

(McHarg 1969), GIS have increased the power and flexibility of this mode of analysis. The 
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3 .... agree to assist the SCAR Committee to develop a programme of work 
describing further steps needed to create an Antarctic Scientific and 
Environmental Data System, including consideration of relevant technologies. 

4. Upon completion of the draft programme of work developed by SCAR, in 
cooperation with relevant governmental experts, [ the A TCPs] convene ... a 
Meeting of Experts, with expertise in data management, to consider how to 
establish an Antarctic Scientific and Environmental Data System. 

(ATc.Fs 1990a: 95) 

Geographical information is of importance to management of the environment, 

especially in relation to resolving conflicting goals over conservation, use and development. 

There is much current interest in Geographical Information Systems (GIS) as a new set of 

tools and methods that may be used to organise environmental information and analyse 

resource management problems (Maguire, Goodchild and Rhind 1991). Recently the 

ATCPs (1992b: 22) and SCAR/COMNAP (1992a) noted the potential advantages of GIS to 

build a common spatial framework for plotting environmental data. A feature of GIS is their 

ability to draw together data from a range of sources, scales and times into a common 

framework that allows selective analysis of spatial and temporal relationships, capabilities 

that are of particular relevance to environmental assessment and monitoring (Abbott and 

Benninghoff 1990). This capacity is frequently viewed as a process involving the 

development of a database comprising a series of spatially co-registered thematic layers, 

which can be selectively combined to highlight relationships (Figure 1.4). 
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technique is particularly suited to analysing relationships among those Antarctic activities 
that could have ( or are having) significant effects on resources of special concern, and/or the 
areas of special importance that are noted by Abbott and Benninghoff (1990: 400). 

1. 5 Models of influences on environmental management 
Prior recognition of possible influences on, and barriers to, the solution of environmental 
problems is necessary to develop workable approaches to environmental management in 
Antarctica. As elsewhere, the barriers to management in Antarctica are varied in type and in 
their degree of influence. Interacting influences on conservation were characterised by 
O'Riordon (1971: 11) in a simple model that highlighted the importance of philosophical, 
ethical, aesthetic, ecological, social, political, economic and technological / scientific 
variables, while more recently Cocklin (1988) constructed a similar representation of the 
variables important to resource management (Figure 1.5). Trudgill (1990) also recognised 
many of these dimensions, but with the addition of 'agreement' and 'knowledge' barriers 
(Figure 1.6). By 'agreement' Trudgill was referring to the difficulty of gaining consensus 
about environmental goals and on how to achieve them, which can be viewed as a function 
of the conflicting goals and values identified by O'Riordon and Cocklin. 

Physical
Biological 
Variables 

Economic 
Variables Institutional 

Variables 
Financial Viability 

Resource availability 
~ ....--------------, 

RESOURCE 
MANAGEMENT 

Political, Legal, 
Managerial Feasibility 

..,,,.,____ ___ ____. 

Technical Feasibility Ethical & Moral 
Justifiability 

Technological 
Variables 

Social Acceptability 

Social 
Variables 

Figure 1.5 Model of resource management by Cocklin (1988). 
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Figure 1.6 Model of barriers which hinder the resolution of environmental problems, 
Trudgill (1990: 4). 
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These representations are a useful basis on which to separate and reflect on the various 
types of barriers that exist to effective environmental management, but while there is much 
common ground among the models, none is comprehensive in the sense that each contains 
dimensions absent from the others. For example, an 'information' dimension is lacking in 
Cocklin' s model: a resource-related project might be feasible in all of the senses represented 
in Cocklin ' s model but impossible because there is insufficient information either in 
existence or readily accessible. Information is part of, and is influenced by, all of the other 
factors. Cocklin ' s philosophical-moral variables are clearly paralleled by O'Riordon's 
ethical-philosophical categories, while these might be classified as agreement, knowledge or 
perhaps social factors by Trudgill. 

Figure 1. 7 attempts to draw together the salient elements in these models, and to 
summarise more comprehensively the range of factors that are considered both influences 
on, and barriers to, environmental management. Environmental management can be defined 
as a process for identifying, evaluating and resolving the conflicts between these sets of 
variables in relation to particular groups, activities and decisions over uses of the 
environment. After a brief explanation of the model, it is used as a framework to explain the 
logical organisation and approach adopted in this thesis. 
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Moral / Ethical 

Social 
Cultural 

Economic 

INSTRUMENTS/ 
INSTITUTIONS 

Political 
Legal 

Managerial 
Organisational 

ENVIRONMENTAL 
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Traditional/ 
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Figure 1.7 Model of influences on and barriers to environmental management in Antarctica. 

Figure 1.7 separates the influences and barriers into four main groups of variables: 
Natural, Human Values, Information / Knowledge and Instrumental/ Institutional. This 
tidy separation implies greater independence in the factors than is actually the case, for in 
reality many of the categories overlap and interact in complex ways. Nevertheless , the 
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separation is useful to distinguish the range of influences and barriers that must be taken into 
account in environmental management. 

Natural variables are considered to be those influences and barriers originating in the 
non-human biophysical environment: other living organisms and their physical 
surroundings, and the complex interrelationships among them. Under the category of 
'Human Values' are included the influences and barriers that comprise societal attitudes, 
such as senses of justice, social mores, cultural customs, religious attitudes, and perceptions 
of the human - environment relationship. Also included here are economic influences and 
barriers, since these are an expression of the values placed on resources and how they are 
used. Information / Knowledge barriers and influences are closely tied to Human Values, 
yet can be distinguished from them in the sense that they represent the range and quality of 
information available, which can in themselves have important effects on environmental 
management. In this context traditional knowledge refers to that which is derived from 
learning and experience outside of formal education systems; local knowledge is that which 
is specific to a region and is gained only through local experience; scientific knowledge is 
that derived from accepted practices of scientific method; while technical knowledge is that 
which refers to the application of special techniques or technologies. Education is included 
here, not because it is a form of knowledge, but because it is a means of information 
transmission, or communication, and of teaching how knowledge and information can be 
used to greater advantage - which may play an important role as an influence in the 
management process. Institutional/ Instrumental variables are those related to political and 
administrative systems. 

1. 6 Thesis aims and scope 
This research aims to make a new contribution by developing a model approach to 
environmental management in Antarctica that explicitly links the requirements of the 
Instruments / Institutions and Information / Knowledge elements of Figure 1.7. With 
regard to the Information / Knowledge elements, emphasis is placed on the potential and 
problems of GIS ~s a means of organising and analysing the geographical information 
required for environmental management. As such, this thesis aims to contribute particularly 
toward aims expressed in ATCM Recommendation XV-16, but the approach adopted has 
not been to investigate requirements from a narrow data management perspective alone, nor 
to analyse the political / administrative framework in isolation from the information issues. 
To assist development of the model, and to ensure that the approach is firmly based on 
practical environmental and information-handling problems that exist in Antarctica, specific 
examples are investigated in a case study focusing on King George Island, South Shetland 
Islands. This case study examines examples of ecological, biological and physical 
environmental problems - items grouped under 'Natural Variables in Figure 1.7. The 
Human Values variables that form the fourth component of Figure 1.7 are recognised as 
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important influences and constraints on management proposals put forward, but it is beyond 
the scope of this work to detail these in depth. Thus, this thesis has adopted an integrating 
approach to environmental management problems in Antarctica, drawing together strands of 
research in the principal fields of political administration, Geographical Information Systems 
and ecology. 

More specifically, the objectives of this research are to: 

• identify and analyse weaknesses in the existing basis for management as contained in 
Treaty measures and in the newly agreed Protocol; 

• identify and analyse practical environmental management problems and factors 
impeding their resolution; 

• assess and develop approaches to the role, application and organisational requirements 
of GIS in Antarctic environmental management; 

• identify impediments to the implementation of GIS as a means to handle Antarctic 
environmental information and suggest ways in which these might be reduced; 

• develop an integrated approach to management in the Antarctic Treaty area that will 
assist multinational and multidisciplinary coordination, particularly through the use of 
GIS to handle environmental data, and through this improve implementation of 
environmental policies at the local and regional level; 

• with a view to the previous objectives, develop an approach that more closely links 
environmental and information management in Antarctica, and that provides the 
necessary management tools and structures to integrate approaches at the local/regional 
level with those at the international level. 

More detailed objectives and methods are described in the chapters as appropriate. 
The research is focused on problems and issues in the terrestrial and near-shore 

marine Antarctic context, although it is recognised that management issues in this area 
sometimes require a wider perspective. King George Island was selected for detailed 
examination as a case study of the practical management problems that exist because it is a 
region with one of the most intensive and multinational concentrations of scientific, logistic 
and tourism activity in Antarctica. Management problems have been recognised in the area 
for some time (Headland and Keage 1985, ATCM Recommendation XIII- 6 - ATCPs 
1986), but closely coordinated multinational approaches to management have, so far, not 
been implemented. While greater attention is paid to the problems in this area -
representing a complex case - Signy Island, South Orkney Islands, was used as a simpler 
context in which to gain data relating to geographical information needs. Signy Island was 
also useful to make general comparisons of management in an area of Antarctica that does 
not exhibit the same complex problems of multinational management. Signy has many 
similar environmental characteristics and is the scene of a long-term and intensive 
programme of science by the British Antarctic Survey (BAS). 
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1. 7 Thesis organisation 
Three of the major elements of the model presented in Figure 1.7 - Instruments and 
Institutions, Information/ Knowledge and Natural Variables - are addressed in this thesis, 
which comprises ten chapters organised in four parts. In Part One, following this 
introduction, Chapter 2 reviews and analyses the instruments and institutions that relate to 
environmental management in the terrestrial and near-shore marine environments in 
Antarctica. The chapter aims to make a new contribution to the field of Antarctic 
environmental management by: 

1. Developing summary models of the complex interrelationships among the instruments 
and institutions in the Antarctic Treaty system and related organisations pertaining to 
environmental management. This is intended to assist understanding and interpretation 
of the context of environmental management, and also provides the necessary basis for 
developing a new model in the conclusion to the thesis; 

2. Comparing and contrasting existing instruments and institutions with those under the 
Protocol to identify more precisely how the existing basis for environmental 
management will be affected by the introduction of the Protocol; 

3. Providing a critique of the arrangements and proposing ways in which to improve 
elements in the existing system and the Protocol. 

In Chapter 3 the model presented in Figure 1. 7 is used as a framework to consider key 
influences and constraints that affect the operation of the instruments and institutions. While 
a number of authors have identified some of these issues on an ad hoe basis, a systematic 
and concise synthesis and explanation of these influences has not been previously 
attempted. Moreover, appreciation of the underlying constraints is essential to the 
development of the management models proposed later in this thesis. Some of the 
influences and constraints of particular concern to this work are those related to the handling 
of environmental information. Thus, Chapter 4 reviews and analyses information issues in 
greater detail, focusing particularly on the status and role of GIS. A review of the major 
principles of GIS provides the theoretical basis for the application and evaluation of GIS in 
Part Three. Major GIS initiatives in Antarctica are outlined. The chapter aims to clarify 
some of the ambigµities that recur in the GIS literature and makes a unique contribution by 
developing a novel approach to the management of geographical information. This 
approach will be applied practically in Chapter 7. 

In Part Two the results of field observations of environmental management problems 
on King George Island are discussed. Chapter 5 presents new information on the status of 
human activities and developments in the region, outlining ecological and physical 
environmental problems that have arisen from scientific activities, tourism, vehicles, use of 
fuels, marine pollution and waste disposal. Maps are presented that show the location of 
major physical features and human developments on the island; these were created using the 
same GIS database developed for the more specific GIS analyses undertaken in Part Three. 
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While more objective, quantitative measures of these environmental problems would have 
been desirable in Chapter 5, the collection and analysis of such data were largely beyond the 
scope and budget of this research. Chapter 6 proposes new management approaches and 
tools designed to address the problems perceived. These are compared with approaches 
being developed under the Protocol to highlight possible shortcomings in this instrument in 
light of the field observations reported in Chapter 5. 

Three aspects of the application of GIS to environmental management are examined in 
Part Three: 

• how to plan for the collection and organisation of those geographical data most needed 
for management (Chapter 7); 

• how environmental data can be analysed and presented in practical management 
applications with the aid of GIS (Chapter 8); and 

• significant problems of geographical error which must be taken into account by those 
contemplating the implementation of GIS in the case study region in particular, and 
Antarctica in general (Chapter 9). 

Part Four (Chapter 10) synthesises the major conclusions drawn in previous chapters, 
using these as the basis for developing a new model of instruments and institutions to 
improve environmental management and environmental information handling in Antarctica. 
This model attempts to take account of the existing organisational framework and its 
weaknesses, the range of factors that constrain existing operations and policies, the 
theoretical underpinnings and practical application of GIS, as well as the field observations 
of Antarctic operations and environmental problems. A new approach to address the 
problems identified is summarised in the model, which attempts to show how environmental 
management and information handling could be organised with new institutions to take 
advantage of the benefits that GIS have to offer. The model is designed to improve the 
effectiveness of management measures and the exchange of information within and between 
the local, regional and international levels. 
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Environmental management in Antarctica: 
instruments and institutions 

2 .1 Introduction 

The instruments, institutions and measures for environmental management in Antarctica 
have evolved from elementary beginnings in the Antarctic Treatyl, through 30 years of 

change which saw the introduction of several additional Conventions (i.e. instruments) and 
many Recommendations (i.e. measures) made within the Treaty forum, or ATCM. The 
most recent addition to these instruments is the Protocol, which rationalises and strengthens 
most existing provisions and introduces new ones so that environmental management in 

Antarctica can be approached in a more comprehensive manner. The Protocol does not 

come into force until it has been ratified by all ATCPs that were party to its negotiation. As 
of October 1992 the Protocol had been signed by all 26 ATCPs and 10 of the 14 NCPs: one 

Party had ratified (Spain). Although the Antarctic Century (1993) reported that all ATCPs 
expected ratification to be complete in 1994, this seems unlikely (Heap, pers. comm., 
1993). However, it was formally agreed to implement the provisions of the Protocol to the 
maximum extent practical ahead of formal ratification and entry into force (ATCPs 1992a), 

and this is illustrated by the fact that the managers of national Antarctic programmes were 

developing procedures for the implementation of the Protocol even before it was finalised 
and signed (COMNAP 1991). 

This chapter reviews and discusses the strengths and weaknesses of the measures, 
instruments and institutions for environmental management in the terrestrial and near-shore 
marine context of Antarctica. The importance of the Convention on the Regulation of 
Antarctic Mineral Resource Activities (CRAMRA) in relation to the Protocol is noted, but it 

is not discussed in detail because it is now unlikely to be ratified. The Convention for the 
Conservation of Antarctic Seals (CCAS) and the Convention on the Conservation of Marine 

Living Resources (CCAMLR) lie outside the scope of this thesis and will not be discussed. 

2. 2 The Antarctic Treaty system 

The Antarctic Treaty applies to the entire area south of 60°S including all ice shelves, but 
does not derogate from the rights of nations on the high seas. This definition of 

1 An early exception is the International Convention for the Regulation of Whaling (ICRW) which was 
signed in 1946 (Bonner 1987), but this is not dealt with in this thesis. 
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geographical scope in the Treaty (Article VI) has caused confusion (Auburn 1982: 129-38, 
Fox 1987, Triggs 1987b, Birnie 1988); some have interpreted the high seas exclusion as 
meaning the Treaty does not apply in marine areas. This was why CCAS and CCAMLR 
were negotiated, since the Agreed Measures on the Conservation of Antarctic Fauna and 
Flora (hereafter the Agreed Measures) - an instrument of the Treaty - did not apply on the 
high seas (Heap 1990). Auburn (1982: 138) concluded that Article VI is a serious limitation 
"and that, in theory, Parties are unrestricted in marine areas south of 60°S so long as their 
activities are consistent with their obligations on the high seas. However, Triggs (1987b) 
and Birnie (1988) have argued that the high seas clause does not limit Treaty Parties from 
voluntarily entering into agreements that restrict their high seas freedoms (as did Auburn, in 
spite of his conclusion): if such agreements are made in the Treaty forum there would seem 
no reason why they cannot apply in the marine areas south of 60°S. Similarly, agreements 
have been made in other fora which apply in the marine areas south of 60°S, and the Treaty 
cannot limit or derogate from them (Klotz 1990). 

Satisfactory resolution of this confusion is important, for if, indeed, the Treaty does 
not apply to marine areas then all subsidiary agreements on environmental protection and 
management ( e.g. on protected areas, waste disposal, marine pollution and the conservation 
of fauna and flora) in 'high seas' marine areas would be inapplicable. For claimant nations 
this would mean all areas beyond the territorial seas relating to their respective claims; for 
non-claimants this would mean all marine areas, including near-shore, since the high seas 
would extend fully to the coast (Joyner 1990, 1992). This thesis takes the view that while 
the Treaty itself may not apply to the high seas within the Treaty Area, subsidiary 
agreements in ATCM Recommendations, Conventions, and in the Protocol apply in the 
sense that the Parties have freely decided to limit their freedoms on the high seas in the ways 
specifically detailed therein. 

The Treaty makes only two brief references to what might be regarded as 
environmental management: in Article V it bans the disposal of radioactive wastes, and in 
Article IX 1 (f) it refers to the 'preservation and conservation of living resources in 
Antarctica'. As Triggs (1987a: 54), Peterson (1988: 67-74) and Elliott (1992) have pointed 
out, the Treaty arose out of the need to head off territorial rivalries, to defuse Cold War 
tensions, and to administer practically the international presence that was continuing 
following the IGY, as it did to preserve the region for its unique environment or scientific 
value. However, the Treaty does provide an important basis for conserving the area 
through the above provisions, by declaring the region free from military manoeuvres and 
weapons testing, and through establishing a mechanism for inspection of activities. 

Contracting Parties recognised at an early stage that the Treaty alone was insufficient 
to provide the specific means needed to ensure conservation of Antarctic resources. The 
complementary conventions and measures developed within the Treaty forum to meet these 
needs have come to be widely known as the Antarctic Treaty system (ATS) (Beck 1986, 
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Polar Research Board 1986, Myhre 1986, Heap 1990, Jprgensen-Dahl and 0streng 1991, 
Watts 1992), notwithstanding debate on the appropriateness of the term ' system' (Beck 
1986). In this thesis, the ATS is defined to refer to the Treaty itself, Contracting Parties to 
the Treaty, and the measures, instruments and institutions that have been created within the 
Treaty forum: a simplified model of the ATS, other relevant organisations and the principal 
interrelationships among them is illustrated in Figure 2.1. The instruments in force are 
CCAS, CCAMLR, and a range of ATCM Recommendations (to one of which is annexed 
the Agreed Measures): the Protocol is included to show its relationship with institutions and 
other instruments, although is not yet in force. 

CRAMRA was adopted by 33 countries in 1988 following six years of development 
(Scully 1991). In May 1989, Australia announced that it would not sign the convention, but 
would instead work toward the formulation of a comprehensive environmental protection 
regime that would ban mining in Antarctica (Blay and Tsameni 1990). Australia's position 
was supported quickly by other countries; CRAMRA has not been ratified and now appears 
very likely to be superseded by the Protocol. CRAMRA's critics argued that it was 
philosophically flawed because minerals activity should never be considered in Antarctica 
(Greenpeace International 1989, Rigg 1990); or, at least, it may be argued that a decision 
made now to ban mining does not prejudice any decisions to be made by future generations 
on how to deal with the minerals issue. The Protocol, while widely viewed as a major 
' success' by environmental NGOs (van Bennekom 1992), has not been universally 
welcomed even from within their ranks: one Greenpeace member (quoted in Suter 1991: 
66) perceived the Protocol as a strategy to protect the minerals convention until the political 
and industrial climate is more conducive to minerals activity. Most, however, consider the 
Protocol to be an important advance, but are aware that the proof will come in its 
implementation (ASOC 1992, Hemmings 1992). The debate surrounding CRAMRA and 
the Protocol is important to note, not least because it was influential in motivating the 
conclusion of the Protocol, but I shall not be concerned with discussing it further here. It 
is, however, worth additionally pointing out that many of the provisions in CRAMRA, such 
as those relating to the assessment of environmental impacts, on arbitration and dispute 
settlement, have been transferred to the Protocol with minimal change (Lyons 1993). 
Moreover, the entry into force of the Protocol is not a foregone conclusion and the Treaty 
could find itself in a state of limbo with neither CRAMRA nor the Protocol in force: this 
could presage a return to CRAMRA. CRAMRA could be revived in the future should the 
need arise: the Protocol, which bans mining, requires something of the kind to be in place 
before the mining prohibition can be lifted. 

Unlike other authors (Auburn 1982, Beck 1986, Myhre 1986, Gulland 1987, Scully 
1990) who consider SCAR to be very much part of what they call, but variously define, an 
Antarctic Treaty system, I follow Heap's (1 988) reasoning that SCAR is important to, but 
separate from, the ATS. SCAR's participation in ATCMs was put on a more formal basis 
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Figure 2.1 Simplified model of the instruments and institutions for environmental 
management in Antarctica. 

in 1985, when the ATCPs agreed Recommendation XIII-2 requiring the invitation of the 
President of SCAR (or his/her representative) to attend ATCMs as an observer (ATCPs 
1986). Previously this was discretionary, but the Recommendation placed SCAR's 
relationship to the A TCM on the same basis as the Commission of CCAMLR: the change 
symbolised a recognition of SCAR's status, but did not compromise its independence from 
the ATS. The Council of Managers of National Antarctic Programmes (COMNAP), like 
SCAR, was formed to meet particular organisational needs and did not arise out of the 
Treaty forum, so is also not considered part of the ATS. 

Figure 2.1 .is expanded in Figure 2.2 to show the organisational structure in more 
detail. The diagrams make a distinction between the instruments and the institutions that 
comprise the system. On the left side of both diagrams are the ATS conventions, which are 
free-standing instruments that can be signed by both Treaty and non-Treaty governments 
(except CRAMRA which cannot be acceded to by non-Treaty parties, but it is not 
operational). Conventions negotiated .outside of the Treaty forum are also included here: 
several ATCM Recommendations and the Protocol refer to these 'outside' international 
instruments and, although not considered part of the ATS, they apply within the Treaty area. 

At the centre of Figures 2.1 and 2.2 are the Contracting Parties to the Antarctic Treaty, 
which may be either ATCPs or NCPs. The ATCM, which includes the Antarctic Treaty 
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Special Consultative Meetings (ATSCMs) that are arranged for special purposes, is the main 
institution for decision-making related to the Treaty. For example, the Protocol was 
developed and agreed at an ATSCM and an annex was added to it by a regular ATCM 
Recommendation: the Protocol is linked directly to the Treaty through the ATCM 
mechanism; it can be amended by A TCM Recommendations, unlike the Conventions at the 
left of the diagrams. The main new institution to be formed by the Protocol is the 
Committee for Environmental Protection (CEP), which will comprise appointees from 
ATCPs and observers from NCPs, SCAR and CCAMLR (Figures 2.1 and 2.2). 

Organisations illustrated on the right of Figures 2.1 and 2.2 are generally those most 
directly concerned with the practicalities of Antarctic operations or whose members work 
there. National operators are those organisations empowered to implement their 
governments' presence in Antarctica. COMNAP was formed by the managers of these 
operations to aid communication among them and, through formal federation, with SCAR. 
SCAR itself is predominantly composed of National Committee delegates; these may differ 
in the ways in which they are appointed from country to country, but generally they are 
leading Antarctic scientists nominated by appropriate national scientific bodies ( e.g. in the 
UK this is the Royal Society; in Russia, the Academy of Sciences). SCAR delegates are 
neither appointed by, nor directly linked to, governments; this would compromise SCAR' s 
independent scientific status as a member of the International Council of Scientific Unions 
(ICSU). However, for practical reasons there are usually close ties between the National 
Committees and National Operators and many of the individuals involved may have 
responsibilities in both institutions. These links are illustrated as informal in Figures 2.1 and 
2.2, but the degree of formality in the relationship varies among countries. Beck ( 1986: 
162) considered SCAR as the unofficial scientific arm of the ATS, but this implies a greater 
role of governments in the SCAR organisation than is actually the case. SCAR was formed 
before the Treaty and, while it has responded to requests for scientific advice by Treaty 
Parties, it is not an arm of the A TS - official or unofficial. Many governments were at 
pains to ensure SCAR' s independence was not compromised by linking it into the ATS, in 
spite of early attempts to achieve otherwise (Myhre 1986). Many of SCAR's links are not 
shown - for example, there are formal links with the World Meteorological Organisation 
(WMO), the Scientific Committee of CCAMLR, and SCAR advises on the operation of 
CCAS. It is difficult to illustrate all interrelationships, but the models serve to show the 
instruments, main institutions and most important links. 

Elliott (1992: ii) has recently argued that the Treaty regime was 'increasingly required 
to function as an environmental protection regime - a purpose for which it was not 
designed', and that the process of decision-making that led to the creation of the ATS was 
flawed. In fact, it is the Treaty itself that was not designed to perform comprehensive 
environmental protection functions, rather than the regime to which it gave rise: the 
additional instruments were designed specifically for environmental resources management 
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and protection. As Scully (1990) and other commentators on the Treaty (Myhre 1986, 
Triggs 1987a, Heap 1990; Joyner, 1989, 1990) have observed, the ATS could only be 
achieved under a flexible and adaptive regime capable of identifying and responding to the 
need for change as it arose. 

2. 3 Treaty Recommendations 
Treaty Recommendations that have as their main purpose the protection or management of 
the Antarctic environment or the exchange of information related to these purposes are listed 
in Appendix Three. The delegation of Belgium also constructed this type of classification 
(ATCPs 1992a), as did Berkman (1992). However, neither seem to have analysed the 
content or significance of Recommendations, since many of relevance were omitted and, as 
such, these authors have no more than summarised the list provided in Heap (1990: vi-x). 
The tables in Appendix Three go further by noting the significance of Recommendations and 
by summarising their intent or important outcome. 

A total of 138 ATCM Recommendations have been made with a primary purpose 
related to environmental management, representing 70 % of the total number of 
Recommendations made (199) up to and including the XVlth ATCM. Figure 2.3, derived 
from Appendix Three, shows that the majority of 'environmental' Recommendations (113 
of 138, or 82 % ) fall into four categories: protected areas (including SPA, SSSI, SRA and 
the general 'Protected areas' Recommendations shown in Appendix Three), conservation of 
fauna and flora, information exchange, and human impacts on the environment. 

SPAs 
Fauna & Flora 

Info exchange 
SSSI 

Human impact 
Historic sites 

EIA 
Tourism 
Minerals 

Waste disposal 
Monitoring 

Marine pollution -
Protected areas . • 
Comprehensive • 

MPAs • 
SRAs. -F----.......-,---,--...-,---.,....--.... ,--.... ,---,--

0 5 10 15 20 25 30 35 40 
Number of Recommendations 

Figure 2.3 Number of ATCM Recommendations related to environmental management by category. 

Figure 2.4 shows how the number of Recommendations related to environmental 
management has changed over time. The boost apparent in 1966 was the result of the 
designation of the first 15 SPAs at the IVth ATCM, but this was followed by a constant 
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increase in the total number of environmental Recommendations until 1984. After this 
period, the cumulative total rises more steeply, showing heightened activity within A TCMs 
related to environmental affairs from around the mid-1980s. 

40 Cumulative total 150 

1/j 1/j ._ C -c Q) 0 0 0 30 .c ·-.. ·- E iu Q) - 100 :::, 'C .c m 
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Figure 2.4 Number of ATCM Recommendations related to environmental management. 

While the data show the areas of concern to ATCPs and the extent to which it was 
considered necessary to address these in formal Recommendations, it should not be 
overlooked that many of the Recommendations adopted are complex while others are 
simple. Moreover, the number of ATCM Recommendations made over the 1975-85 decade 
was possibly fewer than might have occurred had efforts not been- directed toward 
negotiation of CCAMLR and CRAMRA. Nevertheless, the range and number of 
Recommendations indicate those environmental subjects of primary concern to Treaty 
Parties to date. 

The tables in Appendix Three show that environmental concern has been present in the 
ATCM forum since the early history of the ATS. Measures of response were taken as 
problems, both real and potential, were recognised: initially these were usually simple 
encouragements to -limit environmental effects. When it was realised that these approaches 
were either too simplistic or perhaps failing to meet objectives, increasingly formal and 
complex responses were developed. Thirty years of this piecemeal and ad hoe development 
of the framework for environmental management in Antarctica resulted in a fragmentary and 
unwieldy system of Recommendations, which it would seem many nations found difficult 
to implement on the ground (Auburn 1982: 277; Bogart 1988, Tangl~y 1988, Greenpeace 
International 1990a, 1990b, 1991, 1992a; IUCN 1991: 20-1). The phrases and terms used 
in the Recommendations have been frequently non-specific, undefined or hortatory (Triggs 
1987a), leaving room for interpretation and thus perceived non-implementation. 

Several Recommendations stand out as particularly important in the development of 
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the framework for environmental management in Antarctica, most notable being the Agreed 
Measures because they laid down the rules for conservation conduct in the Treaty area, and 
were alone among early Recommendations for being drafted in mandatory terms. Other 
landmarks were the creation of Sites of Special Scientific Interest (SSSI) in 1972, the 
adoption in 1974 of the Code of Conduct for Antarctic Expeditions and Station Activities, 
the adoption of a formal process for environmental impact assessment (EIA) in 
Recommendation XIV- 2 in 1987, and in 1989 the adoption of Recommendations on waste 
management, marine pollution, and two new categories of protected and managed area. 

2.3.1 The Agreed Measures 

The Agreed Measures arose out of SCAR advice from a meeting held in 1960 (Heap 1990). 
In summary, they provide for restrictions on the killing or harmful interference of any native 
mammal or bird, designation of Specially Protected Species (presently Ross and fur seals) 
and of Specially Protected Areas, regulation of the import of non-indigenous species, and 
and the exchange of information between ATCPs on the actions they have permitted (Heap 
1990: 2402). 'Harmful interference' is defined as flying or landing aircraft or driving 
vehicles close to animal populations ( <200m), allowing dogs to run free, the discharge of 
explosives or firearms close to animal populations ( <300m for firearms, not defined for 
explosives), and 'any disturbance of bird and seal colonies during the breeding period by 
persistent attention from persons on foot' (Article VIl- 2(f)). 

2. 3. 2 Protected areas 

The protected areas system in Antarctica has its basis in Article VIII of the Agreed Measures 
providing for the designation of SPAs. This was followed by a statement of principle to 
create Sites of Special Scientific Interest (SSSI) in Recommendation VII- 3 in 1972. The 
categories allow for sites to be designated with two basic levels of protection: the more 
stringent is the SPA, which aims to preserve ecological systems that are unique or of 
outstanding scientific interest. SSSI were established to protect areas where scientific 
investigations were at risk of interference, or where 'sites are of exceptional scientific 
interest and therefore require long-term protection ... ' (Bonner 1987b: 144). Both categories 
now require management plans, although this is a recent requirement for SP As 
(Recommendation XV- 9, 1989), most of which do not yet have plans. Entry into an SPA 
is prohibited except in accordance with a permit: a perlillt cannot be issued except for a 
compelling scientific purpose which cannot be served elsewhere and in accordance with the 
management plan - if there is one. Entrants to SSSI are not required to have permits and 
those persons seeking entry are encouraged only to 'consult their national offices' (Heap 
1990: 3302) (although US law requires their citizens to have permits - Bush 1988: 496). 
After a period of some resistance (Auburn 1982: 132), the Marine SSSI category was finally 
introduced in 1987: five have been designated. Areas of Special Tourist Interest (ASTI) 
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were allowed for under Recommendation VIII-9 (1975). These were intended to direct 
operators toward areas considered most appropriate for tourism and so the effects could be 
more easily monitored, but none have been designated. Early recognition was given to the 
need to conserve historic sites and monuments (Recommendation 1-9, 1961), but a formal 
list was not annexed to Recommendation VII-9 until 1972. 

The categories of Specially Reserved Area (SRA) and Multiple-use Planning Area 
(MPA) were established in 1989 (ATCPs 1990a). SRAs allow for designation of areas of 
outstanding geological, glaciological, geomorphological, aesthetic, scenic or wilderness 
value and management provisions similar to SPAs apply. MPAs may be designated to 
'assist in coordinating human activities ... where such activities pose identified risks of 
mutual interference or cumulative environmental impacts' (Recommendation XV-11). It 
was intended that management plans for MP As be developed by those national programmes 
working in such areas, and such plans would be subject to approval by all ATCPs. The 
number and size of MP As were to be kept to the minimum required to meet the identified 
needs. No SRAs or MPAs have been formally designated, although at the XVIth ATCM it 
was agreed that ATCPs should voluntarily comply with the proposals for an SRA in the 
North Dufek Massif and an MPA on the south-west of Anvers Island (ATCPs 1992a)l. 

In May 1993, 19 SPAs, 35 SSSI, 60 Historic Sites and Monuments and one Tomb 
were recognised throughout the Antarctic Treaty Area (sources: Heap 1990 (of the 20 SPAs 
listed by Heap, four have either lapsed, been redesignated as SSSI or been revoked); 
ATCPs 1992a, 1992c; Swithinbank 1992, Lewis Smith 1992). Notwithstanding the 
Agreed Measures, which designated the whole of Antarctica as a Special Conservation Area, 
sites set aside under these categories represent a small proportion· of the region: 
approximately 0.000013 % of the continent is designated as SPA. SSSI occupy 2665.3 
km2, or approximately 0.0002 % of the continental area. Most of the sites are in the 
biologically rich coastal locations, principally in the Antarctic Peninsula and Ross Sea 
regions. The Tomb is the site of the 1979 DC-10 tourist flight crash on Mt Erebus, Ross 
Island - New Zealand intends to submit this site for protection under Annex V of the 
Protocol (ATCPs 1992c). 

2.3.3 Environmental impact assessment (EIA) 
The basic philosophy underlying procedures for EIA in Antarctica is contained in 
Recommendation VI-4 (1970): identification, anticipation, assessment and monitoring of 
human impacts were all included. Recommendation VIII- 11 - the Code of Conduct for 
Antarctic Expeditions and Station Activities (referred to hereafter as the Code of Conduct) 
- also encourages operators to assess the environmental effects of their activities and to 
consider alternatives should 'significant' impact appear likely. In 1983 Recommendation 
1 Few countries had ratified the SRA and MP A categories by the time Annex V to the Protocol had been agreed, hence they are unlikely to enter into force. 
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XII- 3 made the distinction between preliminary and detailed environmental assessments. 
The guidelines in this Recommendation were only intended as interim until more detailed 
provisions could be agreed. Following SCAR advice, and United Nations Environment 
Programme EIA guidelines, the ATCPs adopted Recommendation XIV- 2 in 1987. The 
new framework called for preparation of Initial Environmental Evaluations (IEEs) on new 
activities ' to determine whether [they] might reasonably be expected to have a significant 
impact' (Recommendation XIV- 2.l(ii)). If the proposed activity is deemed to be likely to 
have 'no more than a minor or transitory effect' then it can proceed, with discretionary 
environmental monitoring. If it is anticipated the activity is likely to have more than a minor 
or transitory impact then a Comprehensive Environmental Evaluation (CEE) is required. 

The guidelines suggest that a CEE should include description of the proposed activity, 
alternative actions and the initial reference state of the environment. It should assess likely 
effects - direct, indirect and cumulative, identify the unavoidable impacts, note measures to 
be taken to minimise the effects, and evaluate the relative advantages and disadvantages of 
proceeding with the activity. If the project proceeds, environmental monitoring is required. 
CEEs should be circulated amongst ATCPs before they are finalised, and Final CEEs are to 
be transmitted as part of the Treaty's annual exchange of information. So far there have 
been only a few CEEs of national Antarctic programmes (e.g. National Science Foundation 
1980, 1990) and a limited number of CEEs on specific major construction projects (e.g. 
National Science Foundation 1988, British Antarctic Survey 1989, Trehen 1992). 

2. 3. 4 Waste management and marine pollution 
Recommendation XV- 3 on waste disposal strengthens the guidelines in the 1975 Code of 
Conduct. Again following SCAR (1989) advice, obligations were placed on operators to 
reduce 'the amount of waste produced, or disposed of, in Antarctica ... to the maximum 
extent possible ... '. The most important requirements are to: 
1 . Establish a waste classification system standardising terminology: 

Group 1 - sewage and domestic liquid waste; 
Group 2 - other liquid waste and chemicals, including oils and lubricants; Group 3 - solids to be combusted; 
Group 4 - other solid wastes ; 
Group 5 - radio-active materials; 

2. Clean up existing or abandoned waste sites; 
3. Prepare inventories of past activities and their effects and remove wastes from inland stations and field camps; 
4 . Remove potentially harmful wastes and compounds; 
5 . Remove waste animal products and micro-organisms unless incinerated; 6 . Phase out open burning of wastes; 
7 . Dispose of materials at sea in accordance with the London Dumping Convention and 'other relevant international agreements'; 
8. Ban disposal of Groups 1 and 2 wastes onto ice-free land; 
9. Allow Group 1 wastes to be discharged directly into the ocean provided conditions exist for rapid dispersal and that large quantities (generated by 30 or more individuals) receive primary treatment such as maceration. 
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The phrase 'to the maximum extent practicable' qualifies many of these provisions, making 
them more exhortatory than mandatory, though more reasonable to implement. 

Having detailed a framework governing the disposal and management of wastes on 
land, Recommendation XV-4 was adopted on the prevention, control and response to 
marine pollution. The Recommendation refers frequently to international rules governing 
marine pollution in other conventions and links these to specific provisions for Antarctica. 
It prohibits all intentional discharges from vessels into the marine environment which 
include oil, plastics and garbage other than food wastes, and food wastes or sewage within 
12 miles of land or ice shelves. Additionally the Recommendation requires operators to 
establish contingency plans for marine pollution and to ensure their vessels comply with 
agreements such as MARPOL and COLREGS. The provisions do not apply to small 
yachts, though they are encouraged to comply as far as practicable (Heap 1990: 2209). Few 
countries have approved Recommendations XV- 3 or XV-4 because of the Protocol, so 
technically neither are in force: the 1975 Code of Conduct still forms the legal basis within 
the A TS governing operations in Antarctica. 

2.3.5 lnfonnation exchange 

The obligations on Treaty Parties to exchange information are summarised in a consolidated 
list annexed to Recommendation VIII- 6 (see Chapter 4, Table 4.1 ). Additional 
Recommendations, CCAS and CCAMLR also require and, less forcefully, encourage 
Parties to exchange information. Australia summarised these obligations at the XVIth 
ATCM, and noted the practical difficulties Parties are having in meeting present 
requirements (Information Paper 30: ATCPs 1991 b ). In fact, difficulties had been 
perceived many years earlier (Auburn 1982: 102- 3), a point which Treaty Parties have 
apparently recognised in their repeated Recommendations on this matter (Appendix Three); 
Australia's paper underscores the fact that major problems remain. Information exchange is 
discussed in detail in Chapter 4. 

2. 4 The Protocol on Environmental Protection to the Antarctic Treaty 
At present the Protocol comprises: general provisions such as definitions, objectives, 
principles, and the institutional workings of the instrument (27 articles); a Schedule on 
arbitration and dispute settlement (13 articles); Annex I on Environmental Impact 
Assessment (8 articles); Annex II on Conservation of Antarctic Fauna and Flora (9 articles 
and 3 appendices); Annex III on Waste Disposal and Waste Management (13 articles); 
Annex IV on Prevention of Marine Pollution (15 articles); and Annex Von Area Protection 
and Management (12 articles). Article 2 of the Protocol commits Parties to the 
comprehensive protection of the Antarctic environment. Article 11 will create a Committee 
for Environmental Protection (CEP). Mineral resource activities are covered in Article 7, 
'Any activity relating to mineral resources, other than scientific research, shall be prohibited' 
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and in Article 25 which deals with the modification or amendment of the Protocol. All of 
the categories of Recommendation in Appendix Three are covered in the Protocol. 

The guiding principles in Article 3 require environmental protection, including the 
protection of biological, intrinsic, wilderness, aesthetic and scientific values, to be 
fundamental considerations when planning the conduct of all activities in Antarctica. This is 
an important advance on existing provisions which apply only to Treaty Parties in the 
conduct and support of their science: the Protocol will apply to all governmental and non
governmental activities, including tourism. Significantly, Article 3.2(c) states all activities 
are to be 'planned and conducted on the basis of information sufficient to allow prior 
assessments of, and informed judgments about, their possible impacts on the Antarctic 
environment' (this 'sufficiency of information' provision has its origin in CRAMRA): 
sound scientific information and assessment methods will be of vital importance if this is to 
be achieved. Of the activities allowed in the region, priority shall be given to the needs of 
scientific research: in cases of conflicting use, science shall have precedence. However, 
any activities, including science, which do not take place in a manner consistent with the 
principles shall be 'modified, suspended or cancelled' (Article 3.4). 

2. 4 .1 Annex I: Environmental Impact Assessment 

Article 8 of the Protocol requires that the procedures in Annex I 'are applied in the planning 
processes leading to decisions about any activities undertaken in the Antarctic Treaty 
area ... '. EIA must also be conducted when there is a change to existing activities, when 
there are joint ventures by two or more Parties, or when impacts associated with stopping an 
activity ( eg. decommissioning a base) may arise. 

Recommendation XIV- 2 forms the basis of Annex I, but there are some significant 
changes. A Preliminary Stage of assessment has been introduced with the intention that all 
proposed activities will be evaluated for their potential effects (Figure 2.5). If it is 
concluded at this stage that the impacts will be 'less than minor or transitory' then the 
activity can proceed forthwith. If the activity is likely to have minor or transitory effects an 
IEE must be prepared, which must include detail sufficient to assess whether a CEE will be 
needed. If it is concluded the impacts are likely to be more than minor or transitory a CEE 
must be prepared. The Preliminary and/or IEE stages can be jumped if it is concluded from 
the outset that the impact of the activity proposed is likely to be at least minor or transitory. 
The information required in a CEE is similar to that under Recommendation XIV- 2, but 
additionally includes the need for description of: 

• 
• 
• 

the methods and data used to make the evaluation; 
the methods proposed to deal with accidents should they arise; and 
the gaps in knowledge and uncertainties encountered when preparing the assessment. 
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Figure 2.5 Summary of EIA procedures under the Protocol (adapted from Lyons 1993: 114). 

In a further significant change from Recommendation XIV-2, Annex I requires draft 
CEEs to be circulated not just to other Treaty Parties, but to be made publicly available for 
comment and forwarded to the CEP. A period of 90 days is allowed for this consultation 
process, although it is unclear whether this time-frame will be practical - a third of the time 
could easily be consumed in mailing the documents. No decision to proceed with the 
activity can be taken by the proposing Party until the draft CEE has been considered by the 
ATCM, with advice from the CEP, provided the decision to proceed is not delayed longer 
than 15 months from the date the draft CEE was first circulated. Thereafter, a final CEE 
must be prepared, -which must address the comments received and give notice of the 
decisions reached. The decision must be 'based on the CEE as well as other relevant 
considerations'. The final CEE must be circulated to all Parties, which shall then make them 
publicly available at least two months before the activity takes place. Notwithstanding these 
requirements, the end-decision to proceed does not require the approval of other ATCPs: 
the approach adopted is one of State responsibility with dispute settlement if required, rather 
than one of ATCM or CEP decision-making and responsibility without dispute settlement 
(Heap, pers. comm., 1993). 

Monitoring is required once projects that have had a CEE prepared are in progress, 
and is discretionary for those requiring IEEs. The monitoring should be designed to record 
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the effects and enable assessment of whether these are consistent with the Protocol, and 
whether there is a need to modify or stop the activity. No time limit is specified for 
monitoring programmes: all future substantial developments in the Antarctic Treaty area will 
be required to have built-in monitoring programmes, but what is monitored, and for how 
long, will be assessed on a project-by project basis. 

The information circulation requirements for Annex I appear onerous: every Party is 
required to circulate a description of their national assessment procedures, an annual list of 
any IEEs completed and subsequent decisions, copies of IEEs when requested, and copies 
of draft and final CEEs. Projects subject to IEEs or CEEs require monitoring information 
to be circulated (discretionary for IEEs). The implications of the requirements are calculated 
in Table 2.1, based on hypothetical but probably conservative assumptions. Under these 
assumptions, an annual total of 164 EIA documents ( of variable length, quality and 
relevance) will be prepared by all operators within five years, which will lead to the annual 
exchange of 2436 documents amongst all Parties and the CEP. This does not allow for the 
original 40 reports on national procedures or allow for updates; requirements for making 
documents publicly available are not included. 

Table 2.1 Hypothetical information circulation requirements associated with Annex I on EIA. 

Document Number Documents Document Type per Party Prepared Circulation Requirements 

IEE lists 1 40 1600 (to 39 Parties and CEP) IEEs 2 80 160 (1 to CEP, 1 request each) IEE monitoring reports 0.5 20 20 (to CEP) CEEs (Draft) 0.2 8 320 (to 39 Parties and CEP) CEEs (Final) 0.2 8 320 (to 39 Parties and CEP) CEE monitoring reports 0.2 8 16 (8 to CEP, 1 request each) 
Totals 4.1 164 2436 

Based on the following assumptions: 
• requirements after 5 years, for 40 Treaty Parties; 
• one IEE list per Party per year, and an average of 2 IEEs per Party per year; 1 request from other Parties per IEE and 1 IEE monitoring report every 2 years, circulated to the CEP; • 1 CEE every 5 years, circulated to all Parties and CEP; 
• 1 CEE monitoring report every 5 years, each requested by 1 other Party; • 1 copy of every IEE, CEE and monitoring report sent to the CEP. 

2.4.2 Annex II: Conservation of Antarctic Fauna and Florq 
The notably few substantive changes to the Agreed Measures when they were transformed 
into Annex II of the Protocol is perhaps an indication that they were originally well drafted 
and have stood the test of time. The most noticeable change is the removal of a mechanism 
to designate Specially Protected Areas, an item now covered under Annex V. Perhaps the 
most controversial of changes was the decision to ban the importation of dogs to the Treaty 
area; resident dogs are to be removed by April 1, 1994. In related provisions, the killing of 
native mammals or birds to feed dogs or men will no longer be permitted and the 
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importation of live domestic animals in general (allowed by permit under the Agreed 
Measures) will be prohibited. 

Annex II makes important changes to the definitions used in the Agreed Measures: 
whales are no longer excluded from 'native mammals' (Article 2), although Article 7 states 
that nothing in Annex II shall derogate from rights and obligations under the International 
Convention for the Regulation of Whaling (ICRW). This implies that if a state is not party 
to, or withdraws from, the ICRW, yet is party to the Protocol, it must follow the provisions 
of the Protocol instead. However, since the Protocol has no defined area of application, the 
'high seas' exclusion in the Treaty (Article VI) would seem to take precedence over the 
provisions of Annex II, thus effectively placing whales outside the scope of application. In 
the definition of 'harmful interference' the specific minimum tolerance distances in the 
Agreed Measures (eg. 200 m for vehicles, 300 m for firearms) have been dropped in favour 
of simply stating that activities shall not be conducted 'in a manner that disturbs' 
concentrations of birds and seals (Article l(h)). 

Annex II has stronger restrictions on the import of poultry material into the Treaty area 
and broader requirements for the distribution of information on the regulations. Another 
stronger provision requires the habitats essential to species, as well as the species 
themselves, to be maintained. The provision in the Agreed Measures that Parties should 
discuss quotas of animals to be taken for food, scientific study or other purposes (Article 
12.1 ( c)) has been dropped. Regulations governing the import of non-sterile soils are 
weaker than those contained in Recommendation XV-3, which states they are 'not to be 
sent' to the Treaty area: in Annex II they 'shall be avoided to the maximum extent 
practicable' (see following section). 

2.4.3 Annex III: Waste Disposal and Waste Management 
Annex III is based on Recommendation XV- 3, but contains differences which either 
strengthen, elaborate on, or weaken the Recommendation. Provisions which strengthen or 
elaborate may be summarised as: 

1. Group 1 wastc;s are to be removed from the Treaty area 'to the maximum extent practicable' - previously this category was excluded from the objective of removal; 2 . Wastes being removed are to . the maximum extent practicable to be returned to the country from which the activities were organised or to another country for disposal by agreement; . 3. Removal of wastes shall not be interpreted as the removal of items designated as historic sites or monuments; 
4 . Waste removal shall not be undertaken when it would result in greater impacts than if left in situ; 
5 . Solid residues from incineration are to be removed from the Treaty area; 6. Phase out of open burning must be completed by the 1998/99 season; 7 . Disposal of Groups 1 and 2 wastes shall not be permitted into fresh water systems or onto ice-free land. 
Provisions which weaken the Recommendation may be summarised as: 
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1. Article 2.1 states that, of the wastes described, only those generated after the Annex 
comes into force are required to be removed. Recommendation XV- 3 implies all 
wastes of this nature were to be removed; 

2. 'Large quantities' of Group 1 wastes are defined in Annex III as amounts generated at 
stations where the average weekly occupancy over the summer is approximately 30 
individuals. Recommendation XV- 3 implies that primary treatment would be required 
if at any time the number of individuals present at a station exceeded 30; 

3 . Substances such as PCBs, pesticides, polystyrene foams and non-sterile soils were not 
to be sent to the Treaty area under Recommendation XV- 3. Article 7 of Annex III only 
prohibits their introduction onto land or ice shelves or into water in the Treaty area 
except when this is required for scientific, medical or hygiene purposes. 

2.4.4 Annex IV: Prevention of Marine Pollution 

Annex IV enlarges on and provides more explicit definitions than those in Recommendation 
XV-4. Article 4 makes explicit a number of additional prohibitions not included in the 
earlier Recommendation, notably the 'discharge into the sea of any noxious liquid 
substance, and any other chemical or other substances, in quantities or concentrations that 
are harmful to the marine environment. .. ' and the listing in Article 5 of the items of garbage 
prohibited additional to those defined under Article 1. On food wastes, Article 5 is specific 
that these must be passed through a screen with mesh size of no more than 25mm before 
disposal at sea. Article 6 provides additional instructions that any discharge of sewage, 
where permitted, should be made while the ship is moving at four knots or more. Article 9 
specifies that all ships should have sufficient capacity to retain oily or noxious wastes and 
garbage until they have left the Treaty area. Outside of the Treaty area, Parties are required 
to have made arrangements for the disposal of such wastes at ports which receive ships en 
route to or from the Antarctic: obligations are placed on those Parties whic_h operate the ports 
to provide necessary facilities. These latter provisions recognise that for Annex IV to be 
practical and effective, certain facilities are required outside of the Treaty area. 

However, the Annex is more restricted than the Recommendation in several ways. 
For example, Article 6 only applies to 'untreated sewage' whereas Recommendation XV-4 
placed restrictions on simply 'sewage' (although, unlike Annex IV, it left 'sewage' 
undefined). Curiously, Paragraph 2(a)- (f) of Recommendation XV-4, which required 
Parties to comply with provisions in six other international conventions, was excluded from 
the final version of Annex IV, even though included in a draft (ATCPs 1990b). Instead, 
Annex IV refers to only one of these - the International Convention for the Prevention of 
Pollution from Ships (MARPOL 73/78), under which the marine environment south of 60°S 
is declared a Special Area. The change was necessary because of the principle in law that 
parties in one agreement cannot be required to comply with the provisions of other 
agreements to which they may not be party: the result seems to be a compromise. 

Article 11 grants sovereign immunity from Annex IV to any warships, naval 
auxiliaries or other ship operated by a State and used only on government non-commercial 
service. Article 11.4 prevents the dispute settlement procedure from being applied to any 
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questions regarding sovereign immunity. 

2.4.5 Annex V: Area Protection and Management 
Some of the most obvious gaps in the earlier system for special area protection and 
management were removed with the introduction of SRAs and MP As. These provisions, 
along with those for the designation of SPAs and SSSI, have largely been transferred to 
Annex V, though with substantial alteration to the management structure. SPAs, SSSI, 
SRAs and MP As will be replaced by two categories: Antarctic Specially Protected Area 
(ASPA) and Antarctic Specially Managed Area (ASMA). The two fundamental differences 
between the two categories are: 

1. entry into an ASP A is prohibited except in accordance with a permit, while entry into an 
ASMA is not; and 

2. management provisions for ASPAs are framed in mandatory terms whereas those for 
ASMAs are framed as a hortatory code of conduct. 

In both cases compliance with management plans is required. SPA and SSSI objectives are 
included in the ASPA category, as are those for the SRA: existing SPAs and SSSI will 
automatically become ASP As. Objectives currently met by ASTI and MPA categories are 
covered by ASMAs. The Historic Site or Monument category has been retained, though 
historic sites may also be designated as ASP As or ASMAs so entry may be restricted or 
managed as needed. Protected area categories under CCAS and CCAMLR are not affected, 
and the CCAMLR Commission must be consulted before ASPAs or ASMAs may be 
designated in any marine area. 

Annex V makes more explicit a philosophical shift from the old system, as well as the 
structural changes noted above. This is clear in the title: Treaty Parties have signalled their 
intent to engage more specifically in special area management as well as protection. 
Previously, the MP A was anomalously considered a category of 'protected area': the 
category was originally proposed by SCAR under the name of Antarctic Protected Area 
(Heap, 1990: 3602). In the ATCM discussions it emerged that the category being proposed 
was designed to serve a variety of functions, only some of which were environmental 
protection. However, the concept of the MPA being part of the Antarctic protected area 
system stuck. Annex V resolves the anomaly and ASMAs may be regarded as tools for 
local and regional planning with functions additional to 'protection'. 

2 .4. 6 Additional annexes 

The Protocol is so constructed that additional measures can be added or modified through 
ATCM Recommendations as required, giving the instmment flexibility to adapt to changing 
perceptions and circumstances. Already Annex V has been added by A TCM 
Recommendation XVI-10, and Article 16 of the Protocol calls on Treaty Parties to establish 
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one or more additional annexes with rules pertaining to liability arising from environmental 
damage - discussions on which are due to begin later in 1993. Some Parties favour 
negotiating an annex specifically to manage tourism, perceiving that while tourism is noted 
throughout the Protocol it would be helpful to draw up a code of practice in one annex 
(ATCPs 1992a: 131-2; Enzenbacher 1992a, 1992b). Several versions of a draft tourism 
annex have appeared, but there is still debate over whether it is needed, or whether existing 
provisions in the Protocol will meet adequately any challenges that tourism may present 
(Prebble, pers. comm., 1992). Possible needs for other annexes can also be envisaged: 
information handling and exchange and environmental monitoring are two that might 
warrant consideration. 

2. 5 Institutions of the A TS and related organisations 
The principal institutions and their interrelationships relevant to environmental management 
in Antarctica are shown in Figures 2.1 and 2.2. The following sections first outline ATS 
institutions: the ATCM and ATSCM, Meetings of Experts, the CEP, environmental 
observers and the Treaty Secretariat. Next, closely related non-ATS institutions are 
considered: SCAR, COMNAP and other organisations with a scientific, technical or 
environmental interest in Antarctica. The CCAMLR institutions at the left of Figure 2.2 will 
not be discussed. 

2.5.1 Antarctic Treaty Consultative Meetings 
The Treaty has a decentralised institutional structure comprising the Treaty Parties and the 
ATCM: the ATCM is not a permanent institution, but is convened 'at suitable intervals' 
(Antarctic Treaty, Article IX) by host governments on a rotational basis. Regular ATCMs 
had been held biennially between 1961-91; a shift to an annual basis was agreed in 1991, 
principally to take account of the procedural timetable required by CEEs. Heap (1990: 
1106) noted that in practice the Parties met on average every six months since 1976. Host 
governments provide the necessary administrative and secretarial support such as 
organisation, recording, translation, and information distribution. The meetings of Treaty 
Parties were for many years confidential (Auburn 1982: 156), but have become more open 
over the past decade: numerous organisations with a scientific, technical or environmental 
interest in Antarctica are now invited as observers. The principal output of the meetings is 
in the Recommendations and ATCM/ ATSCM reports. 

2.5.2 Meetings of Experts 

Meetings of Experts are convened by ATCPs (under Recommendation IV-24) on an ad hoe 
basis to examine issues on which the Parties or the ATCM require advice. In general, the 
experts are appointed by ATCPs (Figure 2.2), though other interested parties may be invited 
to attend as observers. Meetings of Experts report in an advisory capacity usually to the 
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ATCM, which may then make decisions based on their findings. In the past, such meetings 
have dealt with technical issues relating to communications, meteorology and air safety. A 
meeting in June 1992 examined issues related to environmental monitoring in Antarctica 

(ATCPs 1992b). 

2. 5. 3 Committee for Environmental Protection ( CEP) 

The establishment of the CEP has potential to alter existing roles and relationships 
concerning environmental affairs in Antarctica. A TCPs will each be entitled to appoint one 
representative to the CEP who may be accompanied by advisers. NCPs, the President of 
SCAR and the Chairman of the Scientific Committee of CCAMLR will be entitled to 
observer status on the CEP, while the CEP itself may also invite, with the approval of the 
ATCM, any other relevant organisations to attend as observers (Figure 2.2). Articles 11 
and 12 of the Protocol provide for consultation by the CEP with environmental 
organisations - an important change from Article III of the Antarctic Treaty, which only 
provided for consultation with organisations with a 'scientific or technical interest' in 
Antarctica ( emphases added). 

The function of the CEP will be 'to provide advice and formulate Recommendations to 
the Parties in connection with the implementation of [the] Protocol...' (Article 12.1). In 
summary the CEP shall have particular responsibilities for advising on: 

1. The effectiveness of the Protocol and the need for its modification; 
2. The means to minimise the environmental impacts of activities; 
3 . Procedures for emergency response; 
4. The Antarctic Protected Area system; 
5 . Inspection procedures; 
6. The handling of information relevant to environmental protection; 
7. The state of the Antarctic environment and research needs. 

TheATCM is required under Article 10 to draw fully upon this advice and to take measures 
to ensure implementation of the Protocol, and additionally to draw upon the advice of 
SCAR. 

The advisory nature of the CEP is not what a number of environmental organisations 
had proposed (Greenpeace International 1985, ASOC 1990, Barnes 1991, IUCN 1991). 
These organisations sought the creation of a regulatory body, such as an Antarctic 
Environmental Protection Agency, with powers to inspect, review and to enforce its 
decisions on environmental matters - although on this latt~r point the World Conservation 
Union (IUCN) was notably not supportive. In their proposed Convention on Antarctic 
Conservation, the Antarctic and Southern Ocean Coalition (ASOC 1990) advocated an 
elaborate structure for environmental management bearing similarities to that proposed in 
CRAMRA. The model convention contained 71 articles, with key components being an 
Antarctic Conservation Commission, an Environmental, Scientific, Safety and Technical 
Committee, and an Inspectorate. To implement this model would require a substantial 
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bureaucracy and major funding. However, many of the ideas appear also in the Protocol, 
albeit in emasculated form. The CEP assumes the place of the Commission and the 
Environmental Committee, environmental observers replace the Inspectorate, while the 
enforcement measures do not appear at all. It is unclear yet whether the Protocol, with its 
as-yet unformed and untested CEP, will be effective in meeting the challenges for 
environmental management in Antarctica. Although ASOC' s model appears to be surpassed 
by events, it may be useful in the future after the Protocol has completed 'field trials'. 

Laws (1991b) voiced concern that the CEP will assume a role that has traditionally 
been the preserve of SCAR, fearing that Treaty Parties might be tempted to circumvent 
SCAR as the source of scientific advice to the Treaty. Laws considered this could endanger 
the process whereby detached and objective scientific advice feeds into A TCM decisions, 
and that scientific concerns could be marginalised by the political; appointments to the CEP 
will be made by governments, not SCAR. These points are elaborated further below. 

2.5.4 Environmental observers 
To promote compliance with regulations, the Protocol provides in Article 14 specifically for 
the designation of environmental observers, who may be appointed by ATCPs or by the 
ATCM (Figure 2.2). The observers will first send their reports to the national operators 
subjected to their inspections. After receiving comments, the reports and comments will be 
circulated to all other Parties and the CEP for consideration at the next A TCM. While 
observers designated under Article 7 of the Antarctic Treaty are perfectly entitled to make, 
and have for some time made, inspections on environmental matters, the provision for 
environmental observers in the Protocol gives particular recognition to the need for 
additional means to encourage compliance with the new regulations. Mechanisms for 
enforcement under the Protocol will remain unchanged from current practice: domestic 
legislation implemented by national operators. 

2. 5. 5 Treaty Secretariat 
Support for the idea of a permanent secretariat to the Treaty has been present from the first 
meetings of the Treaty Parties (Myhre 1986). The issue was controversial with Parties' 
level of support depending on whether they viewed a secretariat as best serving their 
political interests. Eventually the practice of rotating 'sec~etariat' responsibilities with 
hostship of the ATCM came to be accepted and the sensitive issue was set aside (Myhre 
1986). The very mention of a Treaty secretariat became 'out of order' in the ATCM forum 
(Heap 1990: 1101). However, since the topic was raised again at the ATCM in 1983 there 
have been repeated calls for the establishment of a permanent secretariat in successive 
ATCMs (A TCPs 1987, 1990a, 1990b, 1992a), and from a number of commentators 
(Auburn 1982, Greenpeace International 1985, Scully 1988, WWF 1989, IUCN 1991). 
Those in favour of a secretariat argued that the practical needs for handling information, 
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organising ATCMs and providing continuity in the operation of the A TS have grown such 
that they are now best met through a permanent body (Scully, 1988); those against argued 
that the existing system had worked well and that a secretariat would increase the likelihood 
of politicisation of issues and lead to divisions in the ATS (Daverede 1988, ATCPs 1990a: 
10- 11). 

While opinion has been divided, the idea has now been accepted by the Treaty Parties 
(ATCPs 1992c): agreement in principle was reached that a small permanent Secretariat to the 
Antarctic Treaty should be established, but when and its size, location, funding and exact 
functions have yet to be determined. The functions essential for the operation of the ATS 
were enumerated in 1986 (ATCPs 1987: 13- 19): they were primarily organisational or 
informational in type, and those of most relevance to environmental management were: 

1 . Facilitation of communications between Parties irrespective of their status of diplomatic 
relations; 

2 . The archiving, publication and distribution of information related to the ATS; 
3. Provision of current information related to activities in Antarctica, on the ATS and in 

relation to other relevant developments and organisations; 
4. Coordination among the components of the ATS. 

With only limited organisational or informational functions the Secretariat would be unlikely 
to emerge as a political force as feared (ATCPs 1987, 1990a; Daverede 1988). Moreover, 
by assigning environmental review functions to the CEP in an advisory capacity, many 
items of potential political sensitivity have been firmly removed from the Secretariat. 

2. 5. 6 Scientific Committee on Antarctic Research 
The SCAR constitution makes it plain that environmental management and· conservation are 
within the organisation's aims: 

SCAR will keep under review scientific matters pertaining to the integrity of the 
Antarctic environment, including the conservation of its terrestrial and marine 
ecosystems. 

(SCAR 1987: 5) 
The provisions limit the nature of SCAR involvement to taking measures to provide 
scientific information and advice, except when requested to go outside this remit. SCAR 
has sought to achieve these aims throughout its history, as illustrated in a number of its 
publications (Benninghoff and Bonner 1985, Rutford 1986, SCAR 1985, 1989). Indeed, 
as Walton (1987b: 58) noted, it is largely from SCAR that the basis for environmental 
management in Antarctica has arisen: the Agreed Measures, CCAS, CCAMLR, and a large 
number of ATCM Recommendations originated from SCAR advice. 

Prominent in these activities was the SCAR Working Group on Biology and its Sub
Committee on Conservation. However, other working groups have also been involved in 
environmental issues related to their particular interests (e.g. waste disposal and the 
Working Group on Logistics, conservation of geological features and the Working Group 
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on Geology). In 1988 SCAR formed the multidisciplinary Group of Specialists on 
Environmental Affairs and Conservation (GOSEAC), replacing the earlier biologically
biased Sub-Committee on Conservation. GOSEAC' s mandate is straightforward: to advise 
SCAR on environmental affairs and conservation related to research, logistics and 
commercial activities in Antarctica. An important function of GOSEAC is to keep all SCAR 
Working Groups informed, thus helping to minimise the risk of conflict between 
environmental and scientific objectives in Antarctica. 

The potential for such conflict has been discussed by the SCAR President, who 
voiced concern that new environmental regulations such as those to be required under the 
Protocol represent 'unacceptable threats to Antarctic science' (Laws 1991b). Laws has 
argued elsewhere on behalf of Antarctic scientists that there 'is real cause for concern about 
the possible impact of excessive restraints on scientific programmes' as a result of 
environmental regulations (Laws 1991a: 10). Laws argued the need to view impacts from 
scientific and logistic activities against a perspective of both the continent's enormous extent 
and of the naturally occurring 'impacts' from the large animal populations and geophysical 
events (e.g. natural fertilisation by animal excreta, iceberg ploughing and ice scour). Such 
arguments are surely spurious: it is the impact of human activities that are of concern. It is 
hard to evaluate the impact of Laws' arguments on the Treaty Parties when it came to 
drafting the Protocol, but whether small or great, the new regulations will impose significant 
restrictions on the way in which science, among other activities, may be conducted in 
Antarctica. The requirements for EIA alone imply substantial costs in both time and money, 
as will provisions for waste management and the prevention of marine pollution, should 
they all be fully implemented. Scientists may have grounds to fear that the funds required 
will be redirected from science budgets, although the US Congress has undertaken to 
provide substantial additional funding (US$180M over five years) to their National Science 
Foundation for the purposes of improving environmental management, health and safety 
(AJUS 1992). 

Despite the likely additional restrictions, the Protocol states in Article 3.3 that activities 
in Antarctica shall be conducted so as to 'accord priority to scientific research and to 
preserve the value of Antarctica as an area for the conduct of such research' . Moreover, the 
President of SCAR will be entitled as of right to participate as an observer at the meetings of 
the CEP, and the CEP is required to consult with SCAR. Given SCAR's record in the 
Treaty forum without formal links, this provision should allow SCAR at least to continue, if 
not to enhance, its influence. 

2. 5. 7 Council of Managers of National Antarctic Programs 
The Council of Managers of National Antarctic Programs (COMNAP) was formed in 1988 
to review, discuss, and form policy on matters relating to the conduct of operations in 
Antarctica. It is independent from, but federated to, SCAR; the SCAR Working Group on 
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Logistics was terminated when COMNAP formed its Standing Committee on Antarctic 
Logistics and Operations (SCALOP), also in 1988. COMNAP participates in ATCMs as an 
invited observer. Much of the work of COMNAP and SCALOP to date has been concerned 
with practical aspects of implementing environmental management procedures (Kohnen et 
al. 1990, COMNAP 1991). COMNAP has developed practical guidelines on a range of 
issues with environmental implications, including the implementation of EIA procedures, 
environmental monitoring and the development of waste management and oil spill 
contingency plans. Updates to these guidelines, required by the Protocol, are being 
prepared (Lyons 1993). COMNAP has attempted to standardise approaches across all 
programmes, but there has been insufficient time to evaluate the practical effects of these 
measures. 

2.5.8 Other interest groups 

There are a wide range of other organisations with interests in Antarctica: scientific, 
technical, commercial and environmental. It is not the aim of this thesis to review these in 
detail, but some comment on the most environmentally influential is warranted. A more 
detailed review has been made by Kimball (1988). Although not enjoying the highest 
profile publicly, ASOC, an affiliation of environmental organisations from more than 40 
countries, has shown a sustained commitment to issues related to environmental 
management in Antarctica since it was formed in 1977 (Suter, 1991: 210). ASOC's goals 
include monitoring the ATS in relation to conservation issues and advancing proposals for 
improvements to the available instruments and institutions. ASOC has sought declaration of 
Antarctica as a 'World Park' - a proposal which received cold reception in the prevailing 
political climate when first advanced in 1972 (Barnes, 1982). However, ASOC took up the 
campaign, as did many of its member organisations such as Greenpeace, which established 
World Park Base on Ross Island, Antarctica, in January 1987, to increase the profile of the 
campaign. ASOC has been granted observer status at recent ATCMs. 

World Park Base marked a new phase in NGO pressure to ban mineral activities and 
to reduce human impacts in Antarctica. It is paradoxical that Greenpeace itself established a 
new base to make these points, though the base was intended to serve a number of goals: to 
facilitate observations of activities in Antarctica; to gain Antarctic experience and thus 
enhance credibility; to serve as a basis to gain observer status at ATCMs; to demonstrate 
practically that it was possible to operate in Antarctica while minimising effects on the 
environment; and to raise the public profile of Antarctica (May 1988). World Park Base 
was removed during the season following conclusion of the Protocol (Greenpeace 
International 1992b ). 

IUCN interests in Antarctica have dated from 1960 when the organisation 
recommended that the Treaty Parties set aside reserves for the conservation of fauna and 
natural environment. Thereafter the organisation maintained its interest in Antarctic affairs, 
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notably in the World Conservation Strategy (IUCN 1980) which declared Antarctica as a 
priority area for the establishment of reserves, and through regular dialogue with SCAR. 
This is evident most recently in Angel and Bonner (1987), and in the Strategy for Antarctic 
Conservation (IUCN 1991) which was developed in close collaboration with SCAR. 
Several meetings have also been held in conjunction with SCAR in 1992- 93, although 
results have yet to be published. IUCN is regularly granted observer status at ATCMs. 

A number of other NGOs assumed greater interest in Antarctic affairs throughout the 
1980s, those prominent internationally being the World Wide Fund for Nature (WWF), 
Friends of the Earth and The Antarctica Project (the northern hemisphere secretariat for 
ASOC), while nationally organisations such as the Cousteau Foundation and Sierra Club 
were influential (Kimball 1988). Kimball (1988: 46) and Peterson (1988: 165) noted that a 
number of governments have on occasion provided environmental NGOs observer roles on 
their delegations - even during the more controversial negotiations of CRAMRA. 
However, Peterson also pointed out that environmental organisations are largely ineffective 
in the majority of countries that are Contracting Parties to the Antarctic Treaty. 

In 1991 seven Antarctic tour companies formed the International Association of 
Antarctica Tour Operators (IAATO) (Enzenbacher 1992b). Membership expanded to 13 a 
year later, and includes all the major companies that were planning to operate in Antarctica in 
the 1992- 93 season (Enzenbacher 1992a). IAATO was formed to provide coordination 
among tour operators, including the formulation of policy and the representation of their 
interests in the Treaty forum. IAA TO quickly gained official recognition and was invited to 
attend the November 1992 pre-ATCM meeting to discuss tourism issues. IAATO has 
developed its own tourist environmental code of conduct, though Enzenbacher (1992a) and 
the Antarctic Century (1993) noted this has not always been followed. 

2. 6 Discussion 
The above review of the instruments and institutions for environmental management 
summarises how the system evolved, the nature of the different elements and the most 
important interrelationships among them. The aim of this section is to discuss briefly from a 
theoretical perspective where weaknesses are perceived. 

2. 6.1 Conservation of natural features.fauna and f/,ora 
Detailed provisions for the conservation of natural features have not developed to the extent 
that they have for the conservation of fauna and flora. For example, guidelines on the use 
of vehicles over Antarctic terrestrial environments are contained in Annex II, but these refer 
only to the operation of vehicles in ways that disturb or damage plants or animals, not 
natural features . There are few specific guidelines in A TCM Recommendations or in the 
Protocol to ensure that activities, such as operating vehicles, do not compromise natural 
features - e.g. geomorphology, or areas of undisturbed soils. There are specific 
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requirements for conservation of such features under the terms of ASMA and ASP A 
management plans, but not for conduct in other areas. To conserve such features effectively 
may require rules of equivalent status to those provided for the protection of fauna and flora. 

The weakening of the restriction on the importation of non-sterile soil in Annex II 
(Article 4, Appendix C) can only increase the risk of unintentional microbial introductions to 
the Antarctic, and it is unclear why non-sterile soil was not prohibited altogether (as in 
Recommendation XV-3). There is some contradiction between this article and that in 
Annex III Article 7 which classes non-sterile soil as a 'prohibited product' except when used 
for scientific, medical or hygiene purposes. It is difficult to conceive of such applications 
that would require non-sterile soil, unless an experiment was being performed on the 
viability of microbes in non-sterile soil in Antarctica: it is not clear why this could not be 
conducted under controlled conditions outside of Antarctica. SCAR recently re-emphasised 
the importance of sterilising non-Antarctic soils that may be introduced (SCAR 1993a: 2). 

Despite the regulations, fauna and flora are vulnerable to impacts from several sources 
not addressed in the Protocol or in Recommendations. Although Article 4.5 of Annex II 
may imply so, there is nothing in the regulations that prohibits the deliberate feeding of 
native fauna with food imported for human consumption. Appendix C of the Annex does 
place such restrictions on poultry material, but other foods may also pose a threat. 
Moreover, Appendix C may be hard to implement since poultry and other foods are 
invariably cut and washed in kitchens with sinks that drain into station waste disposal 
systems - such wastes may be disposed of directly into the sea (Annex III) for wildlife to 
feed on, which may be a source of possibly harmful fungal, viral or bacterial introductions. 

2. 6. 2 Specially protected and managed areas 
SCAR and IUCN held a joint workshop on Antarctic protected areas in June- July 1992. 
The aim of the meeting was to discuss protected area issues raised in the Antarctic 
Conservation Strategy (IUCN 1991) and the implications of Annex V, particularly the 
design and representativeness of protected areas, management plans, permit systems, the 
implications of tourism and information access, dissemination, management and systems. 
A report from the meeting is in preparation (Dingwall, pers. comm., 1992). 

Areas that have been designated as specially protected are concentrated mostly in the 
Ross Sea and Antarctic Peninsula regions, where human activities are also focused. This is 
justifiable, both to manage potentially conflicting uses and on biological grounds in view of 
the wildlife populations, but it is also true that past Treaty policy limited specially protected 
areas to the minimum necessary to achieve their objectives, and there was a bias toward 
protection of biological values. In a significant change to these philosophies, the Protocol 
aims to establish a representative system of protected areas using broad designation criteria 
and to make such areas of sufficient size to protect the values of interest (Annex V, Articles 
3 and 5). A reluctance to designate larger sites may continue, however, because of the 
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potential for sizeable protected areas to conflict with scientific objectives (by placing tracts of 
land 'off limits' and therefore out of scientific 'circulation'). 

The 1992 SCAR/ IUCN workshop identified a possible gap in the Antarctic protected 
area provisions, a gap which remains in the Protocol: there is no provision for designation 
of large areas with a status equivalent to World Heritage Sites. The Protocol does not 
provide a protected area category that allows recognition of outstanding sites without 
imposing permit restrictions. World Heritage Site designation is made elsewhere to 
recognise qualities of outstanding global interest, but is unlikely to be applied in Antarctica 
because of the international status under the Treaty ( countries propose such sites within their 
sovereign control and undertake to maintain their values). While it can be argued that the 
whole of the Antarctic is 'outstanding' (i.e. it is the coldest, windiest, highest, driest, 
remotest, cleanest continent) and has already been designated as a Special Conservation 
Area, there are still some areas of greater uniqueness and significance than others (e.g. the 
Dry Valleys, the Lambert Glacier). At the workshop it was proposed there should be a 
means of recognising the special importance of these types of areas without necessarily 
imposing entry restrictions, and that they might be called Antarctic Heritage Sites, an idea 
put forward earlier by SCAR and IUCN (Bonner and Angel 1987). A danger is that the 
status may in itself encourage visitation and through this degradation of the sites' values: 
this 'honey pot' effect has been observed elsewhere, although remoteness is likely to 
provide greater protection in the case of Antarctica. Management could be instituted when 
and if necessary, should problems emerge. Alternatively, the ASPA category could be 
used, but this might require the easing of permit restrictions to allow access by tourist 
groups. 

Annex V requires information to be exchanged among all Parties on management: e.g. 
on plans and their implementation, permits issued, inspection reports, activities undertaken, 
and state of the environment assessments. It is doubtful whether the exchange of all of this 
information among all Treaty Parties is either practical or necessary: what is needed is for 
such information to be held where all Parties know they can obtain it in a timely manner 
when required. Article 10 of Annex V requires such information to be forwarded to the 
CEP, yet provision is neither made for it to be housed nor managed. One possible solution 
would be for the CEP to establish and staff its own information centre, but this would be 
likely to duplicate some of the functions outlined earlier as necessary for the Treaty 
Secretariat. 

2.6.3 Environmental impact assessment 
Interpretation of the terms used in Antarctic EIA is likely to present some of the most 
intractable problems when implementing the procedures. What constitutes a minor or 
transitory impact remains unclear without specific definitions of the objectives of 
management: how much and over what spatial and temporal scales is the anticipated 
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environmental change acceptable? For example, a definition of those activities likely to 
have less than a minor or transitory impact is not provided: it is not clear to the author how 
any activity taking place in Antarctica can have less than a minor or transitory impact. It also 
remains unclear which activities might be considered as having minor or transitory effects, 
and the point at which a CEE rather than an IEE is required remains undefined. 

Management objectives stated in Articles 2 and 3 of the Protocol are a useful guide to 
what might be considered minor or transitory, but the way in which they are applied will 
rest upon interpretation of the term 'significant'. Moreover, effects significant in one 
environment may be acceptable in others. It was concluded at the XIVth ATCM in 1987 
that definition of the term was inherently a matter for national operators, but it was noted 
that both over-implementation as well as failure of EIA would bring the procedures into 
disrepute (ATCPs 1987). COMNAP (1991) recognised the difficulty in its practical 
guidelines, but 'significant' is undefined. In the multinational context of Antarctica, 
inconsistencies in the application of EIA are likely to continue in the absence of specific 
definitions of 'significance'. Quantitative standards might be developed for air and water 
quality, but it is difficult to derive objective standards of significance for effects on aesthetic, 
wilderness, or scientific values, or even on biological populations (Lyons 1993). Much 
more work is needed to address these types of problems in Antarctic EIA. 

Difficulty is likely to be noticed particularly where activities are internally assessed as 
having minor effects with no requirement for external, objective comment. Preliminary 
Assessments and IEEs are not required to be sent to the CEP or held in a central repository, 
although IEEs must be provided when requested by other Parties. However, interested 
Parties would not necessarily discover an IEE of a project that had potential to affect them 
(or the environment) until after the annual IEE lists are circulated (Annex I, Article 6): by the 
time the requested IEE is received, the activity in question may be underway. Thus, early 
decisions on projects are, from a practical standpoint, largely outside of the international 
review process, and the standards adopted at the Preliminary and IEE stages of assessment 
are less open to scrutiny than for CEEs. COMNAP's (1991) EIA practical guidelines 
recommended IEEs be circulated, but without legal obligation it remains to be seen whether 
this will be done - · even where exchanges of information are required, there has been wide 
variation in the degree to which this has been achieved (ATCPs 1991b, Lyons 1993). It 
would, however, be impractical to require all Preliminary .Assessments and IEEs to be 
reviewed prior to the projects concerned taking place: this would be expensive and 
unworkable on the time-scales needed for Antarctic logistic planning. An improvement 
could come by requiring Parties to circulate their IEE lists in advance of the IEE being 
conducted and well before the activity taking place. This would allow other Parties to learn 
of potentially conflicting activities well before they take place in order that they might be 
modified accordingly. Requiring all IEEs to be sent to the CEP, even post hoe, would help 
the ATCPs to monitor standards and their consistency in application: the CEP would then be 
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environmental change acceptable? For example, a definition of those activities likely to 
have less than a minor or transitory impact is not provided: it is not clear to the author how 
any activity taking place in Antarctica can have less than a minor or transitory impact. It also 
remains unclear which activities might be considered as having minor or transitory effects, 
and the point at which a CEE rather than an IEE is required remains undefined. 

Management objectives stated in Articles 2 and 3 of the Protocol are a useful guide to 
what might be considered minor or transitory, but the way in which they are applied will 
rest upon interpretation of the term 'significant'. Moreover, effects significant in one 
environment may be acceptable in others. It was concluded at the XIVth ATCM in 1987 
that definition of the term was inherently a matter for national operators, but it was noted 
that both over-implementation as well as failure of EIA would bring the procedures into 
disrepute (ATCPs 1987). COMNAP (1991) recognised the difficulty in its practical 
guidelines, but 'significant' is undefined. In the multinational context of Antarctica, 
inconsistencies in the application of EIA are likely to continue in the absence of specific 
definitions of 'significance'. Quantitative standards might be developed for air and water 
quality, but it is difficult to derive objective standards of significance for effects on aesthetic, 
wilderness, or scientific values, or even on biological populations (Lyons 1993). Much 
more work is needed to address these types of problems in Antarctic EIA. 

Difficulty is likely to be noticed particularly where activities are internally assessed as 
having minor effects with no requirement for external, objective comment. Preliminary 
Assessments and IEEs are not required to be sent to the CEP or held in a central repository, 
although IEEs must be provided when requested by other Parties. However, interested 
Parties would not necessarily discover an IEE of a project that had potential to affect them 
(or the environment) until after the annual IEE lists are circulated (Annex I, Article 6): by the 
time the requested IEE is received, the activity in question may be underway. Thus, early 
decisions on projects are, from a practical standpoint, largely outside of the international 
review process, and the standards adopted at the Preliminary and IEE stages of assessment 
are less open to scrutiny than for CEEs. COMNAP's (1991) EIA practical guidelines 
recommended IEEs be circulated, but without legal obligation it remains to be seen whether 
this will be done - even where exchanges of information are required, there has been wide 
variation in the degree to which this has been achieved (ATCPs 1991b, Lyons 1993). It 
would, however, be impractical to require all Preliminary_ Assessments and IEEs to be 
reviewed prior to the projects concerned taking place: this would be expensive and 
unworkable on the time-scales needed for Antarctic logistic planning. An improvement 
could come by requiring Parties to circulate their IEE lists in advance of the IEE being 
conducted and well before the activity taking place. This would allow other Parties to learn 
of potentially conflicting activities well before they take place in order that they might be 
modified accordingly. Requiring all IEEs to be sent to the CEP, even post hoe, would help 
the ATCPs to monitor standards and their consistency in application: the CEP would then be 
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in a better position to advise when the criteria being applied at the different levels of 
assessment were inadequate. Given that Preliminary Assessments are intended for activities 
that are anticipated as having only minor environmental effects, there would seem little need 
for time-consuming mechanisms of external scrutiny: problems that do arise are unlikely to 
be serious and post hoe monitoring of their application is probably all that is needed. 

While attempts have been made in Treaty Recommendations (XIII-6, XV-11, XV-
17) and in the Protocol (particularly Articles 3.2(c), 6.1, 6.2, Annex I - Article 2.l(b) and 
3.2(f), Annex II-Article 3.3(b), Annex V - Articles 4 and 5) to recognise the potential for 
cumulative effects arising from human activities in Antarctica, in practice these provisions 
are likely to be most difficult to implement. Methods of organising and funding Antarctic 
activities make the required long- range, internationally coordinated planning difficult to 
achieve. 

2.6.4 Waste disposal 
Measures to address cumulative effects are particularly important in relation to waste 
disposal. Neither the Recommendations covering waste disposal, nor Annex III, define 
standards that take into account the additive effects of many nations producing wastes in a 
confined area. For example, the Protocol defines a minimum standard for the treatment of 
Group 1 wastes in Annex III Article 5.l(b) when generated by a single station with average 
summer occupancy of 30 individuals or more, but it is not clear what standard should be 
applied when several nearby stations individually have less, and yet together exceed, 30 
residents. The combined waste disposal may exceed the standard, yet there is no 
requirement in the Annex for the stations to plan their operations jointly. Article 3.2( c) of 
the Protocol requires Parties to take account of their cumulative effects, but it is not clear 
whether this means that stations operating in the same areas will have to meet standards as 
though they 'were a single pollutant source. 

The term 'Prohibited products' in Article 7, Annex III of the Protocol, is misleading: 
the products named are allowed in the Treaty area so long as they are not disposed of into 
the environment. Annex III has a number of other provisions which variously restrict or 
discourage the use cif certain products, and other limits are noted elsewhere in the Protocol. 
A consolidated list that provides graded levels of restriction, with means to update easily in 
view of changing technology and knowledge would improve. the clarity of the restrictions. 
A revision to Annex III, replacing Articles 7 and 10( c ), is proposed in Table 2.2. 

2. 6. 5 Institutional requirements and information exchange 
Support for a Treaty Secretariat is now unanimous, but difficult questions remain over its 
functional scope, funding and location. Of these, the functional and funding questions are 
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Table 2.2 Proposed revision to Annex Ill of the Protocol, replacing Articles 7 and 10(c). 

ANNEX Ill 
Article 7 

PROHIBITED, RESTRICTED AND DISCOURAGED PRODUCTS 
1. Any products listed in Appendix A to this Annex shall be designated 'Prohibited Products' and shall not be brought into the Treaty area. 

2. Any products listed in Appendix B to this Annex shall be designated 'Restricted Products' and shall not be brought into the Treaty area except in accordance with a permit. 
3. Any products listed in Appendix C to this Annex shall be designated 'Discouraged Products' and their use shall be discouraged to the maximum extent practicable. 

4. Permits shall be issued under this article only for compelling scientific, hygienic or medical purposes. 
5. No products listed in the appendices to this Annex shall be disposed of onto land or ice shelves or into water in the Antarctic Treaty area. 

6. Each Party shall ensure that its expeditions to the Antarctic Treaty area are advised of any products that are Prohibited Products in order that these are not sent to that area. Expeditions shall also be advised of any Restricted or Discouraged Products they may introduce into that area in order that, if they are not consumed in use, these may be removed promptly subsequent to their use in accordance with this Annex. 
Appendix A 

Prohibited Products Polystyrene beads, chips or similar forms of packaging Non-sterile soil 

AppendixB 
Restricted Products Radioactive substances 

Pesticides 

AppendixC 
Discouraged Products 

Polychlorinated biphenyls (PCBs) 
Chloro-fluorocarbons (CFCs) 
Poly-vinyl chloride (PVC) 
Fuels containing lead, ethylene chloride or ethylene bromide Plastic packaging 

the easiest to solve: more controversial are the ramifications of the location. Both the US 
and Argentina have offered to host the facility, but while the US subsequently stated they 
would not object to its siting in Buenos Aires, this could pose problems for the UK: the 
question is unresolved (Antarctic Century 1993). In considering the issue, it might be 
helpful to list practical and political conditions that ideally should be met for a site to be 
acceptable: 

Practical requirements 

Preferably in a country: 
• with a capability for reliable, high quality and rapid world-wide communications; • with a capability for installation, maintenance and support of advanced computing services with wide international links and compatibility; • close to existing important inter-related Antarctic organisations and information bases; • with a stable political and economic climate; • with broad diplomatic representation of the A TCPs to facilitate easy communications. 
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• which is a non-claimant, or which does not make a claim that overlaps with others; • that is considered by all as relatively 'neutral'; • with a history as a responsible host to international organisations; • with a stable political and economic climate.; • that is not too dominant on the political world stage. 

One country fitting the above criteria - except for the last - is the depository 
government: the United States. The last caveat, however, is important because some 
nations would probably object to a perceived consolidation of power over Antarctica by 
what is now the world's only superpower: early discussions on a secretariat showed 
widespread opposition to locating it in Washington (Myhre 1986: 97). If the US is not 
feasible, then a number of other countries might satisfy the above conditions: the 
Netherlands, Switzerland, Japan, and Sweden to name a few. Reaching a conclusion on 
where to site the Treaty Secretariat is not a question this research can resolve: having noted 
the needs for such an institution and some of the practical and political pre-conditions 
considered important to its successful establishment, it remains a question that can only be 
decided in the political forum. 

Information related to the functioning of the Treaty and operations in Antarctica is 
needed by the A TCM and the Treaty Parties to support their decisions, and will also be 
required by the proposed Treaty Secretariat - the important information functions of the 
Secretariat were noted in Section 2.5.5. Much of the information needed and to be 
exchanged is environmental, and as such will fall within the responsibilities of the CEP. 
Additional information still is generated and required by scientists. There is potential for 
substantial overlap between the information that will be required by managers, operators, 
scientists, the CEP, the Treaty Secretariat and that needed by the ATCM. In spite of this 
and the requirements for information exchange, provision for a permanent facility, such as a 
data centre, with resources to manage the information needed to support the functioning of 
the Treaty and its institutions, and to aid scientists, has not been made. 

In relation to -environmental management, the scale and complexity of Antarctic 
activities is now such that the ability to gain consistent, rapid and efficient access to relevant 
information is of increasing importance. However, many of tlie problems that applied to the 
establishment of a Secretariat apply also to the establishment of a Treaty data centre: any 
permanent institutional presence related to the Treaty has provoked debate (Scully 1988, 
Daverede 1988). ATCPs have been careful to avoid giving the CEP a permanent 
headquarters, and intend it to be supported by the Treaty Secretariat when it is formed 
(ATCPs 1992c). However, the practical information management needs, particularly in the 
Protocol, are rapidly making such a centre a necessity, and it is difficult to see how the CEP 
will perform its functions without the means to store and manage the required information. 
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Providing the CEP with a permanent headquarters to perform these tasks would not be 
necessary if a data centre supporting scientists, the ATCM and the CEP were to be 
established in conjunction with the Treaty Secretariat. Managing a data centre alongside a 
functionally-oriented Secretariat would be more acceptable than giving the task to the 
advisory CEP, and would help ensure that any permanent presence related to the Treaty 
would be service-oriented rather than political. 

2. 7 Conclusion 
The instruments for environmental management in Antarctica have evolved from simple, but 
useful, beginnings in the Antarctic Treaty into a set of complementary Conventions and 
measures which has come to be known as the Antarctic Treaty system (ATS). Agreement 
had been reached on the final text for a regime to regulate the possible exploitation of 
Antarctic mineral resources (CRAMRA); subsequent decisions not to sign CRAMRA helped 
lead to the negotiation of the Protocol, which will ban mining in Antarctica for at least 50 
years, unless consensus is reached otherwise earlier. This Protocol has been signed by all 
ATCPs and is expected to be ratified by all within a few years; in the meantime nations are 
implementing its provisions on a voluntary basis. The Protocol strengthens and rationalises 
existing Recommendations, but some weaknesses have been identified (e.g. provisions for 
the management of wastes and potentially harmful products; immunity of sovereign states to 
marine pollution provisions). New philosophical approaches in the Protocol to the 
development of a system of protected areas in Antarctica address many of the existing 
weaknesses, such as the representativeness and geographical distribution of sites. 
However, there is likely to remain a reluctance to designate large areas as protected because 
of the potential this has to conflict with scientific objectives. 

The Protocol will establish a CEP with responsibilities requiring the management of 
environmental information: the means to achieve this is not provided. A permanent data 
centre might be advantageous, perhaps located with the permanent Treaty Secretariat. 
SCAR will be entitled as of right to participate as an observer on the CEP, which should 
allow SCAR to continue to influence Antarctic environmental affairs. GOSEAC could 
enhance this role through its multidisciplinary expertise and advice on conservation policy 
and practice. The ATCPs or ATCM may wish to consider inviting members of GOSEAC to 
contribute their expertise as environmental observers, providing the CEP with a means to 
obtain independent and professional advice on the functioning of the Protocol. 

The vague definition of terms, especially in relation to EIA, is likely to continue as a 
source of difficulty: it is still unclear what constitutes a minor or transitory impact or when 
an effect is considered 'significant'. International variability when implementing the 
procedures is thus likely, although this issue is being addressed by programme managers. 
Effective procedures for long-range and coordinated planning are needed to minimise 
cumulative impacts: the multinational nature of activities, and a range of other constraints 
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discussed in more detail in Chapter 3, mitigate against such approaches. 
The Protocol should be ratified and brought into force speedily to help address 

weaknesses in the existing basis for management. Moreover, recent Treaty 
Recommendations that sought to address some of the problems are unlikely to be approved 
now that the Protocol has been agreed: the system for management is therefore in danger of 
remaining in a state of limbo for a lengthy period with neither adopted Recommendations 
nor the Protocol in force. While the efforts of national operators to implement the Protocol 
before ratification is an encouraging sign, it is important that the new international legal 
basis for environmental management in Antarctica be established unequivocally as soon as 
possible. However, as with all international agreements, the real test for the Protocol will 
be whether and how it is implemented in practice. 
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3 

Environmental management in Antarctica: 
impediments 

3. 1 Introduction 
The purpose of this chapter is to identify the types of barriers that are most influential on the 
conduct of environmental affairs in Antarctica. Awareness of these constraints is 
fundamental to an understanding of what types of responses are both possible and desirable 
in relation to environmental and information management problems in Antarctica. Within a 
multidisciplinary work that is substantially directed toward developing new management 
approaches and investigating the role of GIS, there is insufficient time and space to make an 
ideal, comprehensive and detailed analysis of the causes and means of reducing these 
barriers. However, their prior identification is considered esse~tial, for management 
reforms advanced elsewhere in this thesis are made taking into account the constraints 
identified. The discussion of these impediments is organised on the basis of the elements 
represented in the model of influences on and barriers to environmental management in 
Antarctica presented in Figure 1. 7. 

3. 2 Natural variables: physical, biological and ecological barriers 
The arduous physical conditions in Antarctica may make it difficult to achieve environmental 
goals even when these are agreed. Moreover, the sensitivity of the natural system, or its 
small capacity to absorb rapid change, may make practices that are routine in other regions 
of the world more problematic in Antarctica. 

Examples of biological factors which may act as barriers to environmental 
management are the peculiarities of species biology or behaviour, their sensitivity to 
disturbance, the unpredictability of species response to environmental change (which may 
be related to knowledge barriers), slow rates of recovery to disturbance, and slow biological 
breakdown of pollutants. 

Ecological constraints on environmental management arise where the complexity of 
ecosystems makes it difficult to understand or predict environmental processes and 
responses; even in relatively simple ecosystems such as in the Antarctic, the range of 
possible perturbations can be large and attempts to identify simple cause and effect 
relationships can be confounded. For example, a relationship between a rise in penguin 
populations and declines in whale stocks, which share a common food resource, may be 
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suggested but is difficult to establish unequivocally. 

3. 3 Human values 
3. 3 .1 Philosophical, moral and ethical barriers 
Countries operating in Antarctica, as signatories to the ATS, to some degree share a 
common philosophy of management concerning the conduct of their activities in the region. 
However, in spite of this common ground there are important underlying philosophical 
differences in approaches to Antarctica among the participating states, particularly between 
claimants and non-claimants (Peterson 1988, Child 1988). Such immediate objectives as 
efficient, economical day-to-day running of the station may be common to all, but 
establishing a presence in Antarctica may serve many objectives (Table 3.1). 

Table 3.1 A typology of Antarctic management objectives 1 

• Exploit advantages of Antarctica for scientific productivity2 
• Enhance science in other fields through Antarctic science 
• Information gain and transfer 
• Logistic efficiency 
• Secure welfare and safety of employees 
• Minimise environmental disturbance 
• Minimise economic costs 
• Gain national prestige 
• Gain experience and expertise in polar operations 
• Use and develop technology for cold region operations 
• Enhance role and authority in Antarctic decision-making 
• Stake or maintain claim in the future of Antarctica 
• Gain or maintain geostrategic and security advantages 

1. Not in any order of priority. 
2. Includes quality as well as quantity: poor quality science is not productive. 

A different, but no less valid, characterisation of objectives was presented by Elzinga 
and Bohlin (1989), framed in terms of 'institutional motives' in relation to the conduct of 
polar science. These authors identified political, economic, basic research, military, 
jurisdictional/administrative, and environmentalist motives, as driving forces influencing the 
conditions of polar ~cience, with their relative intensity varying in different countries. The 
national motives may often go unexpressed. 

Some nations operating in Antarctica seem content mainly to establish a political 
presence: others have scientific programmes showing ·commitment to national and 
international objectives. Priorities influence perceptions of management needs, and 
differences mitigate against coordinated planning. The establishment of a civilian settlement 
for non-scientific purposes on King George Island is one example of the results of these 
differences; the duplication of meteorological, geophysical and geographical databases by a 
number of different programmes is another. The objective of minimising environmental 
effects may be relegated in favour of other national priorities, as evident for example in the 
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case of the construction of an airstrip at Dumont D'Urville, Pointe Geologie, Antarctica 
(Elzinga and Bohlin 1989, Hemmings et al. 1991). Agreement with the outcomes depends 
on the philosophical position taken on the priorities for uses of Antarctica. Philosophical 
differences in the motives and objectives of Antarctic activities are a barrier to management 
when they mitigate against coordinated planning. Management strategies need to recognise 
and take into account the differences. 

3. 3. 2 Socio-cultural barriers 
Programmes operating in Antarctica represent many nations of diverse social and cultural 
backgrounds with consequent differences in environmental perceptions. Conservation 
practices of one culture may be considered inadequate by some and restrictive by others, and 
attitudes toward the environment, which influence both the types of problems perceived and 
the responses, change with time. Of equal importance as the cultural differences between 
programmes are the social and attitudinal contrasts that exist between military and civilian 
operations. 

3. 3. 3 Economic barriers 
Nations operating in Antarctica do not have equal access to the funds necessary for 
environmental protection and management. Even the best-funded programmes are finding 
environmental responsibilities costly (e.g. NSF requirements for health, safety and 
environmental cleanup (AJUS 1992); BAS requirements for cleanup of abandoned stations 
(Shears and Hall 1992)), and costs promise to increase under rules agreed in the Protocol. 
Sophisticated technology competes with science and other priorities for funding: some 
countries within the A TS might claim to have neither funds nor technology to meet 
environmental standards set by wealthier nations or pressure groups. 

Economic uncertainty may also restrict the ability of nations to plan in an 
internationally coordinated manner: parties might agree on environmental objectives but lack 
resources to commit to their share of an environmental strategy. International schemes, for 
example in waste-management, would require long-term commitments which some nations 
may be unable to make. Cooperation in science is faced with many of the same problems, 
and economic uncertainty may make it impossible to plan more than a few months in 
advance. This may act as an incentive for sharing data and joint programmes, but it limits 
the type of cooperation possible; coordination is difficult if one contributor cannot commit 
resources until the final stages of planning. 

3. 4 Institutional and instrumental variables 
In Antarctica there is a wide range of environmental standards adopted and variable levels of 
enforcement of conservation measures. One reason is the immense variety in institutional 
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arrangements among the actors, such as in their political systems and structures, legal and 
constitutional requirements and in their managerial and organisational approaches. That 
there is a common set of instruments guiding the diverse countries is amazing enough, but 
to expect uniform interpretations from all involved would be a miracle indeed! These 
institutions, instruments and approaches may act as barriers to environmental management 
in a variety of ways, the most important of which are highlighted in the following sections. 

3.4.1 Political barriers 
Political factors are central among the institutional barriers to management. The political 
requirement for consensus decision-making has led to the use of general language in Treaty 
provisions. Dilute consensus is better than none, but resulting recommendations leave wide 
scope for interpretation. The political requirements suggest joint approaches to management 
must accept consensus as the basis of decision-making, though it inevitably limits control to 
the level of the least enthusiastic participant (Stokke 1991). Moreover, even when 
agreement has been reached on responses to environmental issues, practical implementation 
has varied. EIA procedures, for example, have been accepted but, despite SCAR guidelines 
(Benninghoff and Bonner 1985), there have been varied interpretations of what EIA 
involves and when it should be implemented (Lyons 1993). Lack of EIA expertise and 
experience in many countries, and expense and lack of time, may in part be responsible. 
However, desires for independence and freedom from restrictions (including restrictions on 
science - Laws 1991a) may also be blamed: some ATCPs may be reluctant to relinquish 
autonomy to constraining international management schemes. 

The existing inspection system provides means to monitor ATS measures, but not 
enforce them. Environmental review was not originally among inspection objectives, but 
increasingly they have come to assume this role, a trend which the Protocol will formalise. 
Political sensitivities may be limiting the effectiveness of inspection procedures on 
environmental affairs: formal inspections by ATCPs which attempt to encourage 
compliance with Treaty resolutions has failed to achieve results on a range of environmental 
matters, as highlighted by Greenpeace observations (Greenpeace International 1989, 1990a, 
1990b, 1991, 1992a). That inspection teams have usually been nationally-based may have 
reduced their effectiveness: there has been apparent reluctance to make in-depth criticisms, 
perhaps because of political sensitivities. This seems parti~ularly the case where nations 
operate close together and criticism could strain working relations. Appointment of 
environmental observers under the Protocol is unlikely to reduce these problems: being 
appointed by ATCPs on a national basis, political constraints will remain. There has been a 
recent trend toward more multinational inspections: the XVIIth ATCM recognised the value 
of this approach, but the ATCM draft final report focused on the economic benefits derived, 
rather than any reduction to the political barriers that exist (ATCPs 1992c). 
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3.4.2 Legal and constitutional barriers 
Related to the political barriers, the lack of a mechanism for international legal enforcement 
of environmental measures is a further barrier. While national legislation is the legal basis 
of enforcing Treaty regulations, in practice there have been few, if any, legal challenges of 
environmental conduct in Antarctica. An international judicial framework for environmental 
management would demand universal and consistent standards and mechanisms for 
monitoring and enforcement, requiring both claimant and non-claimant nations to relinquish 
some of their autonomy. Finding acceptance for such a regime would be difficult: more 
viable alternatives need to be found. 

ASOC (1990) and Greenpeace (Sabella 1992) have argued the need for an 
independent and international body to review activities and enforce regulations, with a legal 
authority over and above the current system of legislation and enforcement on a national 
basis. Keage (pers. comm., 1990) suggested the establishment of an International Antarctic 
Environmental Protection Agency, which might comprise representatives from United 
Nations agencies, the IUCN, SCAR and might also include representatives from 
international public interest groups which have demonstrated a tangible interest in 
Antarctica, such as ASOC, WWF and Greenpeace. Political constraints cast doubt on the 
feasibility of these proposals. 

3.4.3 Managerial and organisational barriers 
Differing lead times when planning Antarctic projects may act as a managerial barrier to joint 
planning. In developed nations, project planning may frequently take several years from 
proposal to implementation. In developing nations, where uncertainty over funding is 
greater, there is often a need for shorter project lead times. Where nations are involved only 
in managing their own activities, this mis-match in planning horizons is not problematic, but 
where there is a need for integrated international management, the wide differences in 
approach may add to difficulties. 

Station leadership is another area where differences may mitigate against coordinated 
planning. In many instances, contacts between station commanders tend to be informal and 
reactive in approach, and rarely do all meet at once to discuss problems or plan coordinated 
management strategies. Degrees of authority to develop and implement such strategies 
differ between commanders: some are military, others civilian, ~11 with different methods of 
decision-making, values, priorities, technology, resources and operational time-scales. 
National Antarctic programmes also differ widely in their organisation, with both centralised 
(e.g. British Antarctic Survey) and decentralised models (e.g. the US National Science 
Foundation). 

A further managerial barrier exists in the differences between the international and 
local-regional level of planning: at the international level many involved are of political, 
diplomatic or legal backgrounds and have little practical experience of Antarctic conditions. 
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At the local level, managers may ignore or feel frustrated by policies agreed, but have little 
experience or knowledge of how to influence affairs at the international level. Developing 
mechanisms to enhance the flow of information between the local- regional and international 
levels may help bridge such gaps. 

3. 5 Information / Knowledge variables 
3.5.1 Scientific and information barriers 
Constraints on the acquisition and flow of information can act as important barriers to the 
effectiveness of management, and are tied very closely to the Natural, Human Values and 
the Institutional / Instrumental barriers discussed above. Typically, much of the scientific 
information necessary for environmental management does not exist, is inaccessible, or is in 
unsuitable formats (SCAR/COMNAP 1992a). An early step in the management process, 
then, should be to develop information strategies that identify the data required, its 
availability, quality, accessibility and the most appropriate means by which it should be 
gathered, stored, manipulated and presented. Much of the information required will be 
geographical - involving locations, distributions, associations, concentrations, densities, 
areas and lengths. GIS may be of assistance in handling this information, but there are 
significant barriers to the establishment of internationally coordinated GIS that could be 
useful for management in Antarctica. There may be a need for major and expensive 
programmes of data collection. Data assembled are often not easily accessible, or lack 
common formats, restricting their use in a shared GIS. Programmes have uneven access to 
information technology and often have incompatible computing systems. Moreover, errors 
and inconsistencies exist where geographical databases have been collected by many 
nations; such problems were recognised by the SCAR working groups establishing 
common geological maps for Antarctica (SCAR 1991c) and by Sievers and Bennat (1989), 
and were experienced while constructing the Antarctic Digital Database (see Chapter 4). 

3.5.2 Technological barriers 

Nations working in Antarctica do not have equal access to the technology for environmental 
protection. Lack of knowledge of, or access to, technology may be limiting the ability of 
some operators to achieve the environmental standards demanded by other programmes or 
pressure groups. Such technology might be useful to reduce the impacts of power 
generation, transport, waste disposal and also for handling environmental information, as 
noted above. 

3. 5. 3 Traditional and local knowledge barriers 
While it is arguable whether there exists a body of knowledge that might be called 
'traditional' in the case of the Antarctic - certainly of the type possessed by aboriginal 
groups in the Arctic - undoubtedly, local knowledge barriers may influence the 
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effectiveness of environmental management in Antarctica. It would therefore be valuable if 
means were developed to make more effective use of local knowledge in Antarctica. This is 
often not easy, because people working on stations may perceive environmental 
assessments as threatening either to their programmes or to them personally, which may 
lead them to withhold key local information, and this could be an important barrier to 
effective environmental assessment. This problem may also occur amongst other, not 
necessarily local, personnel in the organisation or programme being assessed (see Chapter 
5, Section 5.3, for an example encountered in field work conducted for this study). 

The short residence time of people working in Antarctica may also be a factor 
inhibiting the development of a body of local knowledge. Many countries have an annual 
rotation of Antarctic personnel, and researchers frequently visit for only weeks or months at 
a time. In this context, it would seem particularly important that effective methods are 
developed for the transfer of local knowledge and information, which should help to 
improve the effectiveness of environmental management measures. 

3. 5. 4 Educational barriers 

Practices and standards accepted in home countries are often translocated to the Antarctic, 
even though these may not be appropriate. Many, but not all, nations include environmental 
education in their pre-visit field training programmes. Thus, education is likely to be a key 
influence on environmental practices of personnel in the field. Education about the special 
requirements of the Antarctic environment and the need for management is therefore likely to 
be of great importance to the implementation of conservation programmes in Antarctica. 
Some efforts have been made in this regard by SCAR (1980a) and COMNAP (1990); 
COMNAP (1991) has also prepared guidelines on the conduct of EIA, while SCAR is 
working on a guide to the preparation of Antarctic management plans. A joint SCAR/IUCN 
symposium on Antarctic environmental education issues was held in April 1993, but results 
have yet to be published. 

3. 6 Conclusion 
This chapter has -summarised the variables considered to be important barriers to 
environmental management in Antarctica, organising the discussion by using the conceptual 
model of environmental management developed in Chapter 1. A wide range of factors have 
been identified, including natural variables, human values, institutional and instrumental 
variables, and information / knowledge variables. The information / knowledge variables 
are discussed as they particularly related to the use of GIS in the next chapter. It has not 
been possible within the scope of this chapter to examine the detailed causes of al of the 
barriers identified. However, their prior recognition is essential to assist anticipation of the 
likely constraints within which practical approaches to environmental management in 
Antarctica must be developed. 
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Environmental management in Antarctica: 
geographical information 

4. 1 Introduction 

... to the greatest extent feasible and practicable ... .information regarding plans 
for scientific programs in Antarctica shall be exchanged to permit maximum 
economy and efficiency of operations .... [and] scientific observations and results 
from Antarctica shall be exchanged and made freely available. 

(Antarctic Treaty, Article III, (a) and (c)). 

Growth in the number of nations working in Antarctica, their scientific and other activities, 
and in the data collected, have combined to make the above objectives more difficult to 
achieve today than they were when the Treaty was written. Antarctic data are expensive and 
sometimes difficult to collect, which are important reasons why appropriate technology and 
management approaches should be used to help ensure they are used to their full potential. 
SCAR has always aimed to further the coordination and dissemination of scientific 
information on Antarctica (SCAR 1987), but the overlap between the data produced by and 
required for science with those that are necessary for applied environmental management, 
suggests that a coordinated approach to the management of such information is the most 
logical and efficient way to proceed. 

As pointed out earlier, environmental management has a particular need for spatial 
information from a variety of disciplines and sources. Moreover, the success of new 
measures to govern activities in Antarctica may depend to some degree on concomitant 
changes in the handling and exchange of information. GIS may enable more effective use to 
be made of spatial information and thereby improve the effectiveness of environmental 
management in Af!tarctica, as well as improve the productivity of science. The ATCPs 
(1992b) and SCAR/COMNAP (1992a) both noted the potential of GIS to improve 
environmental information handling, but neither elaborated on how this could be achieved. 

A TCPs recognised the importance of information exchange in the 20 A TCM 
Recommendations that have been made on the topic (see Appendix Three). Table 4.1 lists 
information exchange requirements relating to environmental management in detail, with 
items where GIS could be useful emphasised in bold typeface. Difficulties are being 
experienced in meeting existing exchange requirements, and it is clear from Table 4.1 that 
responsibilities will increase under the Protocol. It is timely therefore to consider the 
problems to be confronted and the potential of GIS to assist in meeting the needs. 
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Table 4.1 Information preparation, circulation and exchange requirements for environmental 
management under ATCM Recommendations and the Protocol1. 

ATCM RECOMMENDATIONS THE PROTOCOL 

General Provisions 
Standard Format for Annual Exchanges of 
Information (8.6): 

• dates and itineraries of expeditions; 
• descriptions of stations; 
• research itineraries; 
• transport facilities; 
• notice of expeditions (including 

tourism); 
• descriptions of unoccupied refuges; 
• notification of numbers of species taken; 
• use of radio-isotopes; 
• use of scientific research rockets 

including rocket type, time, site, 
direction and predicted place of 
impact. 

Activities to be planned on the basis of 
sufficient information (3.2-c)2. 

Parties to consult over relation between Protocol 
and other instruments in the ATS (5). 

Parties to provide on request 
information on potentially harmful 
effects (6.1-c). 

Share information that might help other 
Parties to protect the environment (6.2). 

Annual reports on steps to implement Protocol 
(17.1) including measures to ensure compliance 
(13.1-13.3) and notification of breaches 
(13.4). Reports to be circulated to all Parties, the 
CEP, ATCM and made public (17.2). 

ATCM to notify states not party to the Protocol of 
an breaches b that state 13.5 . 

Lo istics 
Items of exchange in this category are generally Logistics are frequently covered under other 
covered under the Standard Format for Annual categories in the Protocol. 
Exchanges of Information (8.6). 

Maintenance of logistic facilities (3.2). 

Increase cooperation in hydrographic 
surve 15.19 . 

Prepare contingency plans for 
emergencies (15.2). 

Immediate notification of emergencies 
15.2 

Science 
Scientific research rockets (6.12) (see The Protocol does not contain specific 
General Provisions above). requirements for the exchange of information 

related to pure science. 
Invite SCAR to provide advice on the comparability 
and accessibility of scientific data (13.5). 

ATCPs to compile a directory of 
scientific data and consider how to 
establish a Scientific and Environmental 
Data S stem 15.16. 

Tourism 
Requires operators visiting stations to report data The Protocol does not contain specific 
to ATCPs (8.9) on: requirements for tt)e exchange of information 

• name and nationality of ship; related to tourism. 
• name of captain; 
• itinerary of each separate cruise; 
• number of tourists conveyed; 
• places and dates of landings and 

number of passengers landed on 
each occasion. cont... 

1 Numbers in brackets refer to the relevant Recommendation or Article. 2 Provisions highlighted in bold are those where GIS are likely to be particularly useful for handling much of 
the information required. 
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Table 4. 1 cont ... 

Environmental Im act Assessment Exchange information and comment on (Annex 1) procedures between Parties (14.2). The following to be circulated to all Parties, the 
Draft CEEs to be exchanged among the 'Parties 
concerned' for comment (14.2). 

Final CEEs to be exchanged among all Parties 
as part of the Annual Exchange (14.2). 

CEP and made public: 
Descriptions of national procedures for 
Antarctic EIA; 
Annual IEE lists; 
CEEs (Draft), with comments received; 
CEEs (Final); 
Significant information from IEE 
and CEE monitoring reports. 

IEEs to be provided on request. 

Notifications of emergency actions that 
would otherwise have re uired a CEE. 

Conservation of fauna and flora 

Status of conservation of fauna and 
flora and measures adopted to achieve this (2.2, 
4.19, 6.9) . 

The Agreed Measures (3.8). 

(Annex 2) 
Make available information on 
prohibitions to all persons in or going to 
Antarctica (5). 

Reports on numbers of species taken 
annually (6.1-a). 

Status of species reports (6.1-b). 

Notifications of emergency actions that 
have contravened the Annex 2.2 . 

Waste dis osal 

Code of Conduct for Expeditions and Activities 
(8.11 ): exchange of environmental evaluations 
(superseded by Ree. 14.2) - otherwise no other 
provisions in Code. 

Annual exchange of: 
Waste management plans; 
Inventories of past activities 
effects (15.3). 

and 

(Annex 3) 
Annual exchange of: 

Waste management plans (WMPs); 
Reports on implementation of WMPs; 
Inventories of past activities and 
effects (9.1 ). 

Reports circulated to CEP for review (9.2-3) . 

Share information on technologies for waste 
disposal (9.4). 

Notifications of emergency actions that 
have contravened the Annex 12.2 . 

Marine ollution 

Formulate contingency plans (no 
requirement for exchange) (15.4). 

(Annex 4) 
Prepare garbage and sewage record books where 
appropriate (5.6, 6.2). 

Formulate contingency plans (no 
. requirement for exchange) (12.1 ). 

Notifications of emergency actions that 
have contravened the Annex (7.2). 

cont .. . 
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Table 4. 1 cont ... 

Protected and Mana ed Areas 
(Annex 5) Specially Protected Areas, Sites of Special Prepare management plans which Scientific Interest, Specially Reserved Areas: include provisions for information • Prepare management plans. exchange in advance of activities in ASPAs and ASMAs (5, 5.3-k). Historic sites, monuments, tombs: 

• Exchange information on sites (1.9) 

Multiple-use Planning Areas (15.11 ): 
• Prepare management plans; 

Circulate management plans to CEP, SCAR, 
CCAMLR, and ATCM. Approved plans circulated 
to all Parties by Depository (6). 

• Make public information on the Management plan review at least every 5 location and provisions that apply; years (6.3) • advance notification of research and 
activities taking place; 

• Annual reports of activities and any 
violations of the plans; 

• plans circulated to SCAR and CCAMLR for 
comment. 

List Historic Sites and Monuments (8). 

Make public information on the location 
and provisions that apply in ASPAs, ASMAs and Historic Sites (9). 

State of the environment reports based 
on ASPA and ASMA visits and 
inspections (10.1 ). 

Annual exchange of lists of permits issued, 
circulated to all Parties and the CEP (10.2). 

Annual reports of activities in ASPAs 
and ASMAs (10.3). 

Annual report on the steps taken to implement the 
Annex, including notifications of any 
breaches, to be circulated to all Parties and the 
CEP (10.4). 

Notifications of emergency actions that 
have contravened the Annex 11.2 . 

Environmental monitorin Conduct monitoring research, monitor As per EIA, state of the environment and environmental effects, maintain records status of species reports prepared of activities (15.5). under the terms of the annexes to the 
Protocol. Exchan e monitorin information 15.5 . 

Environmental ins ection 
Inspection reports to be sent to Parties 
inspected, who may prepare comments, then to be 
circulated among all Parties and to CEP, then to be 
considered b ATCM 14.4 . 

Committee for Environmental Protection 
CEP Report to the ATCM; to be circulated to 
observers and made public (11.5). 

CEP to advise on storage, exchange and 
evaluation of environmental information (12.1-j). 
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This chapter focuses attention specifically on the actual and potential role of GIS for 
meeting information handling needs in Antarctica. GIS is defined before providing a brief 
history of their development and a review of concepts important in the field. Treaty and 
SCAR initiatives relating to GIS are then summarised before reviewing recent GIS activities 
in a selection of Treaty countries. Finally, a new model approach to geographical 
information management using GIS, based on the principles of the field, is presented which 
will be applied practically in Chapter 7 of this thesis. 

4 . 2 Definition and history of GIS 
Coppock and Rhind (1991: 22) contended that the range of technologies and sub-fields of 
geographical information handling is so large that attempting a formal definition of GIS is 
not very helpful. The many definitions of GIS that have been put forward arise from the 
parallel fields that have influenced their development, in particular computer assisted 
cartography, remote sensing, utilities mapping, CAD, and computer science. However, it 
would seem even less fruitful not to have at least a general working definition of GIS that is 
broadly acceptable. A wide range of definitions have been advanced, but there is no general 
agreement on one that is most appropriate (Fraser Taylor 1991, Savage 1990). Some of the 
definitions advanced were summarised in Maguire (1991) (Table 4.2). The definitions 
offered have certain elements of common ground, but all have weaknesses which lessen 
their utility for this thesis. 

Table 4.2 Selected definitions of GIS (abbreviated from Maguire 1991: 10-11 ). 

• a system for capturing, storing, checking, manipulating, analysing and displaying data which are spatially referenced to the Earth (DoE 1987: 132); 

• any manual or computer based set of procedures used to store and manipulate geographically referenced data (Aronoff 1989: 39); 

• an institutional entity, reflecting an organisational structure that integrates technology with a database, expertise and continuing financial support over time (Carter 1989: 3); 

• a special case of information systems where the database consists of observations on spatially distributed features, activities or events, which are definable in space as points, lines or areas. A GIS manipulates data about these points, lines, and areas to retrieve data for ad hoe queries and analyses (Dueker 1979: ·106); 

• a powerful set of tools for collecting, storing, retrieving at will, transforming and displaying spatial data from the real world (Burrough 1986: 6). 

The Department of Environment (DoE) definition limits the usefulness of GIS to 
features on the Earth; GIS can also be useful handling spatial data referenced to other 
celestial bodies. Aronoff's definition, which includes any manual procedure for handling 
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geographical data, is broad indeed - it would venture beyond most common 
understandings of GIS: the term GIS was coined in relation to handling data with 
computers (Goodchild 1991). Carter's emphasis on organisational imperatives for GIS 
seems outdated: powerful GIS were once the preserve of large organisations, but today 
many are available cheaply on personal computers with no requirement for 'institutional 
entities' or 'organisational structures integrating technology with databases'. Dueker's 
definition is closer to describing modern GIS. However, the definition fails to distinguish 
the importance of scale: information systems dealing with data on the molecular scale would 
not be regarded as GIS. Burrough's definition is widely quoted, but it too has difficulties: 
the term 'real world' implies the importance of scale, but also implies that GIS cannot be 
used with data derived from abstract, unreal, worlds. GIS can use data from an 'unreal 
world', for example to simulate fictional landscapes. 

It is shown above that many definitions of GIS common in the literature are not 
altogether satisfactory. A starting point for a definition that can be used in this thesis is to 
distil the elements of common ground. All are agreed that GIS handle spatial data, and most 
are explicit that this is done with the aid of a computer: books on GIS invariably assume 
this is the case (Marble et al. 1984, Burrough 1986, DoE 1987, Aronoff 1989, Star and 
Estes 1990, Worrall 1990, Fraser Taylor 1991, Maguire et al. 1991). There is general 
agreement that GIS must have the capability to capture, store, manipulate, retrieve and 
display the data. There is implicit recognition that GIS deal with spatial data at scales 
normally used for representing features identifiable at the Earth's surface. Some have 
argued that the analytical capabilities set GIS apart from other spatial information systems, 
such as those designed for computer aided design (CAD) or automated cartography (DoE 
1987, Maguire and Dangermond 1991: 329). A definition of GIS that builds upon the 
points of general agreement - and the less universal contention that GIS are distinguished 
by their power for analysis - can be proffered: 

a GIS is a suite of computer ware designed for capturing, storing, retrieving, 
manipulating, analysing and displaying spatial data at scales that are typically 
used in describing the Earth's surface. 

It is recognised that this definition could equally be applied to image analysis systems that 
handle remotely sensed data. The differences between GIS and image analysis systems lie 
in their range of functions, though the distinction is becoming increasingly blurred with the 
advent of so-called Integrated GIS (IGIS), which attempt to link the two (Jackson and 
Mason 1986, Davis and Simonett 1991). The fact that the above definition applies also to 
image analysis systems does not lessen its utility in describing GIS, particularly since it also 
adequately covers IGIS. 

Marble (1990: 12) noted that GIS today are generally recognised as comprising four 
major sub-systems: 1) data entry, 2) data storage and retrieval, 3) data manipulation and 
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analysis, and 4) data visualisation and reporting. These components are illustrated in Figure 
4.1 as data input, storage, manipulation and analysis, and output. Where GIS are used to 
handle the spatial information of a large institution or company, the organisational context is 
also of importance (Burrough 1986, Marble 1990, Goodchild 1991). Figure 4.1 illustrates 
the potential role of GIS in environmental management: in this context spatial information is 
needed to assess and help address perceived environmental problems. Existing data 
considered relevant may be entered into the GIS and, if these are insufficient, additional data 
may be collected by field survey or remote sensing. Data within the GIS are manipulated 
and analysed to generate new information products designed to answer scientific questions 
and assist management decision-making. 

The first GIS were under development in North America around the time of the 
signing of the Antarctic Treaty in 1960 (Coppock and Rhind 1991). Twenty years on there 
were only about 1000 operating GIS in North America: Tomlinson (1985) offered a 
prognosis of just 4000 by the year 1990. This prognosis turned out to be extremely 
conservative, not least because GIS are now available at reasonable cost on personal 
computers with power equivalent to that of mainframes in the early 1980s: the firm ESRI 
alone was selling more than 2000 GIS for personal computers each year in the late 1980s 
(Coppock and Rhind 1991), and recent estimates suggest there are about 1000 GIS software 
products currently on offer (Goodchild 1991). 

Many large organisations have adopted GIS: for example, at an international level 
GIS have been established for the European Community (Mounsey 1991), at the Food and 
Agriculture Organisation (Lanly and Ataman 1988), the United Nations Environment 
Programme (Mooneyhan 1988) and within the IUCN (Pellew and Harrison· 1988). The 
United States Geological Survey (USGS) uses GIS to manage much of their spatial data, 
and data on transportation, hydrography and political boundaries for the entire US derived 
from 1: 2M scale paper maps are included in their Digital Line Graph (DLG) (Aronoff 
1989). In the UK, the Ordnance Survey had by 1990 digitised almost 50,000 of its 1: 1250 
maps (87% ), all maps at ~ 1: 250,000, but small proportions of maps at medium scales (1: 
10,000 - 1: 50,000) (Sowton 1991). As the availability of such databases increases, and 
as computers and software continue to develop, there is little doubt that GIS will grow in 
importance. Dangermond (1991: 64) claimed that GIS are emerging from the pioneering 
phase of development and the commercial GIS sector is poised ror its period of most rapid 
growth. 

4 . 3 Principles of GIS 
This thesis is concerned with the application, organisation and effective use of GIS rather 
than with their technical development. Thus, while there is no need for a review in great 
technical detail here, an introduction to the main principles is necessary because these are 
important to identify the applications, strengths and weaknesses of GIS for environmental 
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Figure 4.1 The potential role of GIS in the context of environmental management. 
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management in Antarctica. It should be noted that a number of the data models and 
functions reviewed below were not applied in the GIS analysis conducted in this research. 
However, their inclusion in this review is considered important in order to place the 
techniques used properly in their wider context. 

The most fundamental principles in the use of GIS are: 

• the nature of spatial data; 
• the ways in which these data can be represented, stored, retrieved and manipulated; and • factors external to the GIS itself that are influential in their implementation. 

Unfortunately, discussion of these concepts in the GIS literature is beset by inconsistent use 
and interpretation of the terminology, even within volumes where editors might have 
insisted on greater standardisation (e.g. Goodchild and Gopal 1989; Maguire, Goodchild 
and Rhind 1991). This problem, arising from lack of coordination in the diverse origins of 
the field and its rapid pace of development, as much as from disagreements and lack of 
understanding, nevertheless makes it difficult to describe concepts unambiguously. 
Therefore, an attempt is made here to distil from the literature a set of terms that are logically 
consistent and avoid as far as possible, or clarify, the ambiguities perceived. 

4.3.1 The nature of geographical data 

The infinite variability and continuous nature of the geographical world makes it necessary 
to construct simplifying models to represent reality so it is amenable to discrete manipulation 
in finite computers. Real world features may be represented in two dimensions by three 
fundamental elements: points, lines and areas . Burrough (1986) noted that these features 
may be described in terms of their: 

• position in relation to a known spatial coordinate system; 
• non..,spatial attributes (e.g. temperature, elevation, pH, cost); and 
• topological relations with each other. 

In addition, position in time assumes importance for dynamic phenomena (Langran 1992). 
Attributes are essentially any type of data, value or label that can be associated with a 
position. Topology i~ the study of the geometry of spatial relations unaffected by 
continuous change in the shape (e.g. stretch) or size (e.g. scale) of figures, or in their 
underlying coordinate framework (e.g. rotation, translation). It encompasses spatial 
relations such as containment, connectivity and contiguity. Topological information is 
necessary to perform a variety of geographical analyses . GIS are tools for storing, 
manipulating and analysing data on these locations, attributes and relations, which may 
change independent of one another over time (Dangermond 1990). 

To represent features on the Earth's surface on a two-dimensional plane it is necessary 
to translate positions from a spherical coordinate system (e.g. latitude, longitude) using a 
projection, which may be defined as 'any systematic arrangement of meridians and parallels 
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portraying the curved surface of the sphere or spheroid on a plane' (Maling 1973: 49). A wide range of projections has been developed, all of which involve distortion of one or both of the properties of distance and angles (thus area and/or shape) in the translation process (Maling 1991: 145). Thirty-three commonly used projections are supported in PC Arc/Info Version 3.4D, the GIS used in this research. Because the Earth is not a perfect sphere, approximations of the geoid are necessary to represent its shape more closely: some are better for certain regions, and a range of spheroids have been constructed - 20 are supported in PC Arc/Info 3.4D. The most commonly accepted international spheroid is the World Geodetic System 1984 (WGS84) standard (WGS72 is supported in PC Arc/Info 3.4D, though WGS84 is not). 

4. 3. 2 Digital representation of spatial data 
The design and implementation of digital geographical databases was characterised by Peuquet ( 1984) as a modelling process comprising three levels of increasing abstraction: the data model, the data structure and the file structure. Maguire and Dangermond (1991), Guptill (1991), Egenhofer and Herring (1991) and Laurini and Thompson (1992) also used these concepts - although not without using many variants in terminology. Peuquet's (1984: 69) terminology is preferred because the other terms (e.g. 'conceptual', 'logical' and 'physical' models) are often used with different senses in other contexts, which may cause confusion. 

It is usually necessary to structure GIS data so they can be handled by the computer efficiently and to permit many forms of analysis, especially because of the large data volumes and the computationally intensive nature of many operations. A number of data structures can usually be implemented for the same data model and, in turn, a variety of file structures could be implemented for a data structure. In principle, it should be possible to exchange different forms of file or data structure without change to the levels of abstraction above them (Egenhofer and Herring 1991). The data model selected has important implications for all levels of operations performed by a GIS. Sometimes the data structure may also affect the feasibility or performance of certain operations. Discussion of particular file structures used to implement the data models is beyond the scope of this thesis. 
Two conceptually different approaches to the representation of space in digital form can be distinguished: first, objects may be represented with each object possessing locational properties; secondly, locations may be represented with each location possessing object properties (Smith et al. 1987). These approaches are often referred to as the vector and tessellation data models respectively (Figures 4.2 and 4.3) (Peuquet 1984, Burrough 1986, Smith et al. 1987, Laurini and Thompson 1992). While some hybrid models have been developed that take advantage of both tessellation and vector concepts (Peuquet 1984, 1988), these have not been widely adopted owing to their complexity, and possibly also because effective methods are now available to convert between the two models - although 
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conversion from tessellation to vector is still not straightforward because of line ambiguities 
(Burrough 1986, Devereux 1986). 

The broad classification into tessellation, vector and hybrid can be further subdivided 
on the basis of the characteristics of their derivative data models and structures (Peuquet 
1984, Burrough 1986, Maguire and Dangermond 1991). Figure 4.2, adapted from Maguire 
and Dangermond (1991) but based also on the work of other authors (mainly Peuquet 1984, 
Burrough 1986, Smith et al. 1987, Egenhofer and Herring 1991, Laurini and Thompson 
1992), illustrates this classification and forms the basis of the discussion in Sections 4.3.3 
and 4.3.4. Generally speaking, the terms appearing on the left of the diagram refer to the 
more abstract concept of the data model, while those appearing on the right tend to be used 
to refer to specific data structures. However, it should be noted that the terms on the right 
are often described in the literature as either data models or data structures interchangeably: 
by definition it follows that any data structure can also be represented in more abstract form 
as a data model (Peuquet 1984). Perhaps surprising in view of the fact that these concepts 
are fundamental, confusion over use of terms such as data model, data structure, vector, 
tessellation and raster pervades the literature. Thus, Figure 4.2 and the next two sections 
attempt to address some of these deficiencies by defining terms as clearly as possible. 

4.3.3 Tessellation data models 
In tessellation models, two-dimensional space is represented as a regular or irregular grid of 
connected cells on a plane, the smallest logical unit being the cell (square cells are often 
called pixels). Regular tessellations are infinitely repeatable patterns of regular polygons, 
while irregular tessellations are infinitely extending configurations of cells of varied shape 
and size (Laurini and Thompson 1992: 218). Figure 4.3(B) illustrates the regular square 
tessellation method of modelling the real world. A feature's position is described by the 
address of the cell(s) or cell vertices that represent it in the grid, while the value or label 
assigned to the cell(s) represents the feature's attribute. For example, in Figure 4.3(B) a 
lake is coded in the grid with the label 'L'. A tessellated model's positional precision is 
determined by its minimum cell size in relation to the size of the feature being represented, 
which may also be thought of as the model's resolution. It is clear from Figure 4.3 that a 
coarse grid can generalise shapes and result in considerable loss of information. 
Topological relations are implicit in the model because featurei; are organised in the database 
on the basis of their position in the grid, but using this topological information (e.g. the 
connectivity of cells) can be difficult in tessellated GIS. 

The grid of squares has a number of advantages as a regular tessellated model because 
it corresponds to the two-dimensional array structure widely used for handling matrices of 
values in computing. It is the model used in digital scanners, which are the main source of 
regular tessellated geographical data. Data gathered from these sources are usually held as a 
raster, which is a data structure of square cells of the same size arranged in a regular grid in 
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line-scan order (Maguire and Dangermond 1991, Laurini and Thompson 1992). The 
overwhelmingly dominant use of this data structure has led to the term raster being applied 
to many forms of tessellated model. Thus, GIS that use the tessellation as the main data 
model are frequently called 'raster'. 

4.3.4 Vector data models 

In the vector data model, space is assumed to be continuous and points, lines and areas are 
defined by their coordinates on a Cartesian plane (Figure 4.3(C)). The basic logical unit of 
the model is the line, where a point is considered to be a line of zero length (Peuquet 1984, 
Smith et al. 1987). Points are defined by coordinate pairs and occupy no space (0-D); lines 
are defined by two or more connected coordinate pairs and have length but no width (1-D) 
- lines are sometimes referred to as arcs, strings, chains, or segments, and the start- and 
end-points of lines are generally referred to as nodes. An area, or polygon, is defined by a 
series of connected lines (minimum of three) enclosing a space (2-D). Sometimes a fourth 
element is recognised, the surface, which is an area not confined to a single plane (3-D) 
(Maguire and Dangermond 1991, Gatrell 1991). Coordinates on the plane are defined in 
relation to a framework of reference; usually the reference projection used by the paper map 
being digitised or one selected by the user. An arbitrary set of x-y reference numbers are 
used for illustration in Figure 4.3(C). Points, lines and polygons can be assigned values or 
labels to represent the features in the GIS, as illustrated in Figure 4.3. 

Vector data models may be classified as either unlinked or topological (Smith et al. 
1987) (Figure 4.2). In unlinked models, sometimes called 'spaghetti' (Peuquet 1984) or 
unstructured (Maguire and Dangermond 1991), map features are encoded by their 
coordinates without reference to associated topology, either singly or as strings in order of 
digitisation. The simple unlinked model may be quite adequate for applications without a 
need for topological information. In practice, if such information is required for spatial 
analysis it is more efficient to store some of the topology permanently in the database -
though, of course, this carries a cost of increasing database size, complexity and associated 
processing. 

The differences between the vector and tessellated forms of data model are so 
fundamental that most authors conclude that both will remain as alternatives, rather than one 
becoming preferred for all applications (Peuquet 1984, Burrough 1986, Maffini 1987, 
Smith et al. 1987). It is beyond the scope of this thesis to evaluate all the advantages and 
disadvantages of the various forms of tessellation and vector data models; readers are 
referred to Peuquet (1984), Smith et al. (1987), Samet (1990), Goodchild (1992b) and 
Laurini and Thompson (1992). 

4.3.5 Attribute data handling 

The methods developed for efficient storage, structuring and retrieval of data in computers 
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in general have naturally been applied in GIS. These have been used to handle both the 
attribute and positional data. The main types and features of data structures used to handle 
attribute data in GIS may be summarised from Burrough (1986), Maguire and Dangermond 
(1991), and Laurini and Thompson (1992) as: 

1. Flat file s: cannot be related to each other easily, so searches must be sequential and exhaustive; inflexible; limited use in GIS. 

2 . Inverted lists: use an index to speed data access; inflexible; limited use in GIS. 
3. Hierarchical: features can have links to a number of lower elements in the hierarchy, but only one link to upper elements; inflexible; limited use in GIS. 

4. Network: allows multiple links between levels in the hierarchy, thus flexible; complex to implement; limited use in GIS. 

5 . Relational: data organised in tables linked by common key fields; simple to understand; flexible; widely adopted in GIS. 
The cost of relational structures is the need for considerable data duplication, hence 
sophisticated database management systems (DBMS) are required so they perform 
efficiently (Healey 1991). 

Data handling procedures that are optimal for attribute data are generally not optimal 
for the associated positional data. Thus, most relational GIS store the positional information 
in direct access operating system files for rapid input/output, with the links to the attribute 
data in the relational database being made by the GIS software (Healey 1991). This is the 
case in Arc/Info, where positional data are stored in 'Arc' format and the attribute data in the 
relational database called 'Info' (Arc/Info also has the ability to interface with other relational 
DBMS such as ORACLE, INGRES and D-Base 4). 

4.3.6 G/Sfunctionality 
Maguire and Dangermond (1991) classified the spatial data handling functions commonly 
available in GIS into 10 groups (Figure 4.4). Specific functions available under each group 
are used to handle the positional and attribute data, which taken together may comprise 
many hundreds of com.mands in a fully functional GIS. While most functions have their 
equivalents in both tessellated and vector environments, their form of implementation - and 
sometimes their results - may be quite different. 

Figure 4.4 summarises a variety of data capture methods, distinguishing first between 
those used to gather geographical data (where position and attribute are both important data 
elements) and attribute data (where position is not a necessary data element). Geographical 
data may be gathered from primary or secondary sources, and captured in either tessellated 
or vector form. Large volumes of primary tessellated data are captured routinely by remote 
sensing, while secondary tessellated data are commonly derived from documents or 
photographs using scanners or digital cameras. Vector data have until recently been derived 
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mainly from secondary sources using table digitisers (for maps) and stereo plotters (for 
aerial photographs). Digital ground surveying instruments and GPS have increased the 
amount of primary vector data (Goodchild 1991, Laurini and Thompson 1992: 128). Data 
capture in vector form has suffered from slow, manual (and thus expensive) digitising 
techniques, while tessellated data volumes far exceed our capacity to process them 
(Goodchild 1991). Digital surveying and GPS may ease the bottleneck of vector data 
capture, as might techniques for the conversion of scanned data to vector (Devereux and 
Mayo 1992), though data volumes from remote sensing promise to outstrip computing 
power for some time (Goodchild 1991). More detailed information on GIS data capture 
technology may be found in Jackson and Woodsford (1991). 

Data transfer functions are essential in a heterogeneous hardware and software 
environment which is experiencing a rapid increase in the availability of digital geographical 
data from a wide variety of sources. Guptill (1991) distinguishes two main approaches to 
the transfer of digital geographical data: direct conversion between specific GIS and transfer 
via a standardised common exchange format; classified as 'system dependent' and 'system 
independent' formats respectively. A range of standard formats have been developed in 
other fields for the transfer of all manner of computer data including diagrams, text and 
images (Shepherd 1991: 346), and many of these are supported in GIS . Standards for the 
transfer of geographical data seem to be evolving on a de facto national basis, with at least 
16 countries involved in establishing their own spatial data transfer standards (Guptill 1991: 
529). For example, in the US the DLG is a standard through common use which coexists 
with the more recent Spatial Data Transfer Specification (SDTS) (DCDSTF 1988), while in 
the UK the standard is the Ordnance Survey National Transfer Format (NTF) (Guptill 
1991 ). At present it is difficult for a variety of users from different parts of the world on 
different GIS to use a given set of digital geographical data (Guptill 1991: 523) - which is 
of particular concern in areas such as Antarctica where the collection of environmental data 
is being conducted on a multinational basis using a variety of national standards. 

Data validation and editing are crucial stages in the construction of any GIS database: 
they help to ensure the integrity of the data as an accurate model of reality. They can also be 
most time consuming and therefore expensive. Ideally, the source data should adhere to 
quality standards when they are collected, and subsequent digital processing should not 
introduce additional sources of error. In practice this is rarely achieved and considerable 
effort usually has to be invested in correcting data errors. For remotely sensed data this 
means correcting for factors such as sensor calibration, geometric distortions, atmospheric 
attenuation and deviations in satellite orbital characteristics (Maling 1989: 274). When · digitising vector data manually, errors such as line omissions and overshoot or undershoot 
of the digitised line relative to the mapped line are common. Errors may be introduced by 
other means, such as physical distortion of the original mapsheet through temperature, 
humidity, manufacture or use (Maling 1989). Human assessment is usually required to 
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distinguish those 'errors' that are real from features that are legitimate parts of the database. 
By way of contrast, tessellated data scanned from secondary sources suffer from the 
problem that all features - spurious (e.g. creases, spots), or real but not required (e.g. 
height labels) - are all faithfully recorded in the absence of human decisions over what is 
relevant. Again, human intervention is usually necessary to weed out such artefacts, 
although progress is being made in automating the process using line-following techniques 
(Devereux and Mayo 1992). 

Data storage and structuring issues have been reviewed in Sections 4.3.2- 5 and need 
not be discussed further here. 

Data held in GIS are frequently needed at different levels of generalisation. This is 
likely to be particularly the case where the data held are needed at many levels of 
management, or for different scientific applications: this is likely to be the case for an 
Antarctic GIS serving the needs of both science and management. Applications requiring 
more generalised data must filter out superfluous detail. This task is difficult to automate 
because geographical features may be represented as different entities at different scales: an 
Antarctic station can be considered as a point at small scales, an area at medium scales and 
as a set of lines at large scales. The selected form of representation is a subjective decision 
(Muller 1991: 457). Although a range of data generalisation functions exist that are capable 
of smoothing or aggregating features in both tessellated or vector form (Muller 1991), 
Maguire and Dangermond ( 1991) noted that the tools for automatic generalisation in GIS are 
poorly developed. In practice, there are no truly scale-free GIS and where there is a need to 
use data at a wide range of scales it has proven necessary to capture and store the data at 
multiple scales rather than use techniques of generalisation (Mounsey 1991). 

A range of functions generally exist in GIS for data transformations. Those involving 
positions include scaling, rotation, translation, and projection changes, classified in Figure 
4.4 as affine, curvilinear, linear and non-linear (Maguire and Dangermond (1991). To these 
we can add rubber sheeting, where stretch and compression may be unequally applied to the 
positional data so they fit a reference map (Burrough 1986, Laurini and Thompson 1992). 

It is the ability to integrate spatial data from a wide variety of sources that facilitates 
much GIS analysis, particularly using the overlay technique (Flowerdew 1991, Shepherd 
1991). Additional capabilities to measure area, volume and length are generally provided. 
The analytical capabilities of GIS can be used to model and s~mulate the effects of different 
variables and processes (Tomlin 1990, 1991; Allen, Green and Zubrow 1990). It is in 
principle possible, within the limitations of the database and software, for the user to 
explore a range of scenarios and to predict the consequences of a proposed course of action 
before mistakes have been irrevocably made (Burrough 1986). GIS are thus potentially 
powerful tools for prediction. However, most authors agree that modelling capabilities are 
at present poorly developed in GIS and this represents a major area for future development. 
There is insufficient space to review all spatial query and analysis capabilities of GIS here: 
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detailed reviews may be found in Burrough (1986), Aronoff (1989), Tomlin (1990), and 
Maguire, Goodchild and Rhind (1991). 

The last group of functions to be reviewed relate to data presentation (Figure 4.4). 
This was rather simplistically reduced to just four forms of output - maps, graphs, tables 
and reports - by Maguire and Dangermond (1991: 327), but to this should be added 
images (both still and moving video), 3-D perspective views and (increasingly) sound, in 
what has been referred to as multimedia GIS (Shepherd 1991). Their use so far has been 
mainly experimental (e.g. see Openshaw, Wymer and Charlton 1986) and, apart from 
perspective views, the main forms of information presentation from GIS are still those 
identified by Maguire and Dangermond (1991). GIS usually have a range of functions with 
which to manipulate the visual appearance of the output: the product is also dependent on 
the type of hardware used. 

4.3. 7 Geographical information quality and error 

'It is implicit in the whole business of geographical resource information processing that the collection and processing of environmental data leads to improvements in environmental management and control. This can only be so if the data that are collected, entered, stored and processed are sufficiently reliable and error-free for the purposes for which they are required.' 
Burrough 1986: 103 

The results of GIS analyses can only be as good as the data on which they are based 
(Robinson 1992): because the data in a GIS are a model of reality, error is a priori inherent 
to the database (Goodchild 1992a). The significance of error in spatial data can be viewed 
as an issue of data quality. Quality has been defined as 'fitness for use', an application
specific definition included in the SDTS (DCDSTF 1988, Chrisman 1991). The quality of 
data for a particular purpose can be described in terms of both their accuracy and precision. 
Accuracy refers to the consistency of repeated measurements, while precision refers to their 
level of resolution. 

The mapping sciences have focused on maximising positional accuracy and precision, 
but achieving these goals has a cost. Moreover, many types of mapped data are not easily 
amenable to precise, or even accurate, definition. Thus, in practice, maps have associated 
with them a variety of levels of accuracy and precision which may vary both between, and 
within, particular map series, and also within the map sheet itself - both for positions and 
attributes independently. Unfortunately, the quality standards to which maps are made are 
frequently not made explicit, and the exactness of their pictorial representations can be 
highly misleading. Both random and systematic error may be present in both the positional 
and attribute data, but often the extent of this error is unknown until the data are used. For 
example, this may be discovered when trying to measure changes in position or attribute 
over time, or when data from a number of sources are integrated (e.g. the well-known 
polygon overlay problem (Goodchild 1978)). Such applications are common in GIS, and 
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for these reasons the issues of error in spatial databases are particularly important and may 
influence the ways in which data are collected and managed by organisations with 
responsibility for environmental information. 

Geographical error has been defined and classified in a variety of ways: 42 types of 
geographical error were identified by a selection of authors in 19 recent publications 
assessed by the writer (many of which are found in Goodchild and Gopal (1989)). There is 
insufficient space here to detail all of the overlapping meanings and inter-connections among 
the terms used by these authors to describe geographical error. The important point to 
emphasise is that, while there would seem to be some agreement on the sources of 
geographical error, once again, there is no clear consensus on which terms should be used 
to describe it or what they mean. Several authors (e.g. Fisher 1989, Chrisman 1991) have 
noted that geographical error can be classified into two fundamental forms: positional and 
attribute, of which other types of error can be considered particular forms. Chapter 9 
identifies and evaluates the causes and implications of several types of positional and 
attribute error in spatial information available for King George Island, Antarctica. 

Other properties of the data influence the level of error present (Chrisman 1991, 
Fisher 1991): 

I. Recency: some types of spatial data age more quickly than others (e.g. snow cover compared with geological data). 

2. Logical consistency: e.g. lakes without enclosing shorelines; vegetation in an ocean area without land; a boundary missing between two contiguous areas with different 
attributes (ice and rock). 

3. Completeness: missing values or categories in the database ( e.g. height values for a region obscured by cloud in air photography; regions of unknown surface properties). 

Many GIS have automatic procedures to assist error detection. 

4.3.8 Organisational environment of GIS 
Burrough (1986) noted that to function effectively in an organisation it is important that a 
GIS be placed wit4in a proper management context. This is of particular significance in 
relation to Antarctica in view of its multinational administration and the diversity of 
organisations operating there collecting environmental information. Monmonier (1985) has 
pointed out problems that have arisen from lack of coordination in the use of digital GIS at 
the federal and state levels in the United States . Difficulties such as inaccurate or 
inappropriate data formats , lack of awareness of data, inability to obtain data that exist, and 
agencies responding too slowly to requests are frequent. Incompatibility of systems within 
and between levels of administration restricts their usefulness and can lead to unnecessary 
duplication of effort. GIS technology may offer the potential for an internationally 
coordinated geographical data management system for Antarctica. Yet to assume this new 
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technology will automatically lead to superior information or environmental management is 
naive: as Monmonier (1985) and Goodchild (1991) emphasised, some of the greatest 
challenges will come in the organisation and management of these systems. 

4. 4 GIS in Antarctica 
Decision-making in Antarctica should ideally be based on complete information and an 
understanding of the environment and its systematic interrelationships. Yet compared with 
more accessible reaches of the earth there is a paucity of spatial information for the 
continent. For example, knowledge of the distributions and abundance of plant and animal 
communities is still comparatively limited (Laws 1984). Moreover, the large quantities of 
data being collected are at risk of being under-used, needlessly duplicated, or worse still 
becoming inaccessible in the 'information explosion', unless methods are developed to plan 
for its coordinated collection, storage, retrieval and use. It is important that data collected 
are readily accessible and in a form that can easily processed into products appropriate for 
decision-makers. Quality data are expensive, and as such must be planned for within 
organisations in much the same way as plans are made for the use of human, financial and 
physical resources. 

4.4.1 Antarctic geographical data acquisition 
Antarctica is the most poorly mapped region of the world (Thomson 1992), a point 
emphasised by the discovery of a new island as recently as 1984 (Southard 1984). 
Relatively frequent data update is desirable in many regions because of the dynamic ice and 
snow cover. The ice sheet is currently moving at a rate of ten metres per year at the South 
Pole (Mullins 1991) - faster in glaciers and ice streams - while at the continental margins, 
rapid and substantial changes to the ice shelves are observed regularly (Ferrigno and Gould 
1987, Doake and Vaughan 1991; Keys, Jacobs and Barnett 1991). Moreover, distributions 
of wildlife are known to change, as do human activities and their effects. 

The rigorous environment and high costs have hampered ground mapping surveys in 
Antarctica, with the consequence that the geodetic controls required for survey at large 
scales are often sparse (Thomson, Thomson and Norris 1992). Mapping in Antarctica is 
further complicated by the large number of countries operating in the region, each with its 
own sets of standards and political objectives, which influei:ice the quality and consistency 
of map products. As a result, the quality of Antarctic mapping is extremely variable: major 
errors are common in published small scale maps - even where the correct information is 
readily available (Thomson 1992). Maps at a scale of 1: 250,000 are now available for most 
mountainous parts of the continent, although for many regions maps are only available at 1: 
500,000 or smaller (SCAR 1988, Sievers and Bennat 1989; Thomson, Thomson and 
Norris 1992). Coverage at scales larger than 1:250,000 is patchy, and naturally focused on 
areas of more intensive use such as the Antarctic Peninsula. Here a great variety of maps 
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have been produced, but these are frequently inconsistent in their portrayals of positions and 
features, with many places having a variety of names (Hattersley-Smith 1991). Coastlines 
disagree, and features appearing on some maps are omitted from maps of the same scale 
produced by other programmes. Where disagreement arises, it is not clear which map 
should be taken as correct. Many of the maps published do not follow adopted conventions 
on labelling, scales, projections, symbols or reliability assessments (SCAR 1980b, 1993b). 

The difficulties of ground survey have encouraged the use of airborne and satellite 
remote sensing for the collection of geographical data, and these have been frequently used 
for the production or refinement of maps (Manning 1988, Sievers and Bennat 1989, 
Summerson and Manning 1990; Thomson, Thomson and Norris 1992). The repetitive, 
predictable and frequent passes of satellites also make these platforms ideally suited to 
gathering time-series data. Thus, the SCAR Working Group on Geodesy and Geographic 
Information (WG-GGI) agreed that satellite imagery may offer the most feasible method of 
meeting Antarctic mapping needs (Zumberge 1985). However, it is doubtful whether 
satellite sources are of a resolution sufficient for many practical management applications, 
such as monitoring the environmental effects of human activities in the relatively small areas 
where use or intensive science is concentrated. Moreover, seasonal darkness and persistent 
snow and cloud cover limit the extent to which remote sensing can be effective for such 
applications in polar regions. Thomson, Thomson and Norris (1992) described the 
increasing needs for mapping at scales of 1: 25,000 and larger as scientific emphasis has 
shifted from extensive reconnaissance survey to detailed field investigations of specific 
areas. These needs are also increasing as a result of provisions in the Protocol. 

4.4.2 International and national initiatives in Antarctic GIS 
Treaty Recommendations, noted in the introduction to this chapter, have made few 
references to GIS, but many Treaty Parties have begun to take steps to use GIS in their 
mapping and geographical information management. However, Treaty institutions 
themselves are currently not suited to the task of developing or using GIS databases that 
could support management because they lack the required permanent infrastructure. The 
eventual establishment of a permanent secretariat may provide the necessary infrastructure, 
but consideration of GIS as a tool to support the operation of the Treaty has thus far been 
framed in only general terms (ATCPs 1986, 1992a, 1992b; SCARJCOMNAP 1992a). 

A number of Treaty Parties have been developing digital geographical databases using 
GIS to support their activities in Antarctica, prominent among these being the USA, UK, 
Australia, New Zealand, Germany, Sweden and Norway (Starr and Brownworth 1988; 
Sievers, Grindel and Meier 1988, Sievers and Bennat 1989, Thomson 1992). Recently the 
Antarctic Digital Database (ADD) project, coordinated through the WG-GGI and jointly 
undertaken by the British Antarctic Survey, World Conservation Monitoring Centre and 
Scott Polar Research Institute, has drawn significant parts of these national databases 
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together into a common framework for the entire Antarctic continent using GIS (British 
Antarctic Survey 1991, Harris 1991a, SCAR 1992b). 

The first significant attempts to establish a consistent digital geographical database of 
Antarctica were made while work was being done on the Antarctica: glaciological and 
geophysical folio at SPRI (Drewry 1983). However, this project resulted in a mixture of 
data being held in both digital and analogue form, and the principal end-product of the work 
was a series of analogue paper maps. The ADD will provide a single, comprehensive 
geographical framework of the Antarctic continent and its surrounding islands stored in 
digital form on CD-ROM. Base maps were digitised at scales between 1 :250,000 and 
1:3M, the larger scale being used where available for mapping coastal and mountainous 
areas; the smaller for the comparatively featureless continental interior and oceans. Base 
maps have been checked for accuracy against satellite information where available, and in 
some regions satellite data alone are used. A difficulty with this approach is that the 
accuracy of the map must be checked against a satellite image which itself has required 
registration to the map under examination. However, this appears the best method possible 
until better data become available. 

Included in the database are over 50 distinct feature codes (Appendix Five): some 
examples of the physical features are coastlines ( discriminating between ice and rock, 
definite and approximate), islands, topography (usually with a contour interval of 200-250 
m, but occasionally a 100 m interval is used), glaciers, ice flow lines, ice grounding lines, 
ice thicknesses, lakes, rock outcrops, ice-free areas, ice shelves, and ice walls. Also 
included are human features such as stations, airstrips, oil tanks and protected areas. Major 
concentrations of breeding birds and mammals are included where this information has been 
available from existing source maps. It is intended that more of these types of information 
will be incorporated in a later version of the database. 

Some potential problems associated with the ADD can be anticipated. The resolution 
may not be sufficient for applications in terrestrial and near-shore marine ecology and 
management, and may not be adequate for conservation monitoring except at a general level. 
There are questions such as how the user will deal with the variety of resolutions inherent in 
the database, particularly where one region may be made up from source data derived from a 
multitude of sources, scales and levels of accuracy? How will the database resolve 
problems such as disagreements in accuracy of features as portrayed by different sources, 
multiple names for the same geographical features in different sources, and the propagation 
of errors when the database is subsequently used in environmental analysis? While the 
ADD will document its sources fully, these problems may still prove confounding for users 
accustomed to gleaning spatial information from map series based on consistent standards of 
accuracy. These problems could lead to difficulties where the database is used for time
series analyses of environmental change, where the accuracy of the baseline information 
assumes critical importance. Many of these problems, which are largely related to data 
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quality and international coordination, are currently being considered and addressed by 
those establishing the database (Thomson, pers. comm., 1992). 

International coordination of mapping standards and activities in Antarctica is the 
responsibility of the WG-GGI. This group has published cartographic standards for 
Antarctic analogue maps (SCAR 1980b ), in particular providing guidelines on symbols and 
technical specifications including: 

• maps should use the WGS72 as the geodetic datuml; 
• the metric system should be used; 
• scales larger than 1: lM should use a conformal projection - smaller scales, a stereographic projection; and 
• published maps should have reliability diagrams and history panels. 
In spite of the provision of standards, even recent map sheets differ widely in the degree to 
which they conform. Unfortunately, it must be concluded that SCAR has failed to achieve 
the coordination sought. 

The WG-GGI identified nine initiatives aimed at improving data quality and 
international coordination in geographical information handling in its Work Plan for 1992-
94 (SCAR 1992b ). These priorities are to: 

• improve the geodetic basis for positions in Antarctica using the GPS; • maintain and extend the ADD; 
• coordinate the naming of places throughout Antarctica; 
• compile a directory of geographical information that includes the SCAR Catalogue of Maps and Charts (SCAR 1988) and extends it to include aerial photography, satellite imagery, geodetic points, tide gauges and a graphical user interface for computerised versions; 
• revise and update SCAR geographical information technical standards, including standards for the structuring, transfer and quality of digital data; • conduct a survey of user needs for Antarctic geographical data; • liaise on the means to improve hydrographic and aeronautical charting; • investigate further the potential contributions of remote sensing. 
Additionally, the WG-GGI made an important proposal for a conceptual model of an 
Antarctic information infrastructure (SCAR 1992b): 

A series of databases independently held and managed by the Antarctic countries and scientific disciplines conforming to a common set of data standards. 
This model envisages_a distributed approach to geographical data handling and emphasises 
the importance of information integration and transfer. Subsumed within the objectives is 
the desire to avoid unnecessary duplication. These objectives have been identified as 
important to the task of environmental monitoring in Antarctica, where the integration of 
data from diverse sources and time periods is often required (SCAR/COMNAP 1992a, 
ATCPs 1992b). Moreover, SCAR/COMNAP (1992b) have proposed the development an 

. Antarctic Data Management System (ADMS), though so far only the requirements for a 
comprehensive data directory have been identified, and a detailed specification for the 
construction of the actual database system has yet to be defined (SCAR/COMNAP 1992b). 
1 The WG-GGI recently adopted WGS84, the reference spheroid used by the GPS (SCAR 1992b). 
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The data holdings are now so large and diverse that the establishment of a centralised 
facility, at least in the case of science, would be both impractical and prohibitively 
expensive. Moreover, the technology now exists to establish effective distributed databases 
connected via networks: only information on where the databases are and their contents 
need to be held centrally (so-called meta-data) (SCAR/COMNAP 1992b). The Treaty 
Meeting of Experts on Environmental Monitoring (ATCPs 1992b) reached similar 
conclusions, and the SCAR proposal was recently endorsed by the ATCPs (1992c) in their 
recommendation that a workshop be convened to help initiate the implementation of an 
Antarctic Data Directory System. 

At a national level, progress is being made toward establishing such a series of 
databases. In the UK, BAS has established its Mapping and Geographic Information 
Centre with substantial investment in GIS: so far their activities have focused mainly on the 
creation of the ADD. BAS have initiated a 'dial a map' service using the ADD to provide 
customised geographical information products to Antarctic scientists, illustrating some of the 
flexibility provided by digital maps (Cooper, Thomson and Edwards 1993). In New 
Zealand, the International Centre for Antarctic Information and Research (ICAIR) was 
established in 1992 in collaboration with the US and Italy. ICAIR is using GIS as a 
primary means for storing and organising geographical data on the Ross Sea region, and is 
building up databases to underpin science and management: database construction is still at 
an early stage (Smith 1993). GIS and satellite images are being used to build digital maps 
of parts of East Antarctica by the Australian Antarctic Division and the Australian Surveying 
and Land Information Group (Summerson and Manning 1990). More recently, GIS is 
being assessed by Australians for its potential contribution to Antarctic environmental 
management (Summerson 1992), but results have yet to be published. Primary 
responsibility for US mapping in Antarctica lies with the USGS which, with its 
considerable GIS experience (Starr and Anderson 1991), has been involved in preparing 
GIS databases in the Ross Sea region in collaboration with New Zealand's Department of 
Survey and Land Information. The US National Science Foundation recently installed GIS 
in a new science facility at McMurdo Station. In South America, considerable interest in 
GIS was evident at a ·recent meeting held in Santiago (May 12- 14, 1993) dealing with 
issues in the coordination of science and management in the South Shetland Islands, 
although thus far there have been few published results from the Latin American countries 
involved. 

These few examples serve to illustrate some of the activities that are being undertaken 
both nationally and internationally with regard to GIS for Antarctica. This is not a 
comprehensive survey - indeed, it is difficult to gather information on current activities 
because of the number of countries, agencies and disciplines involved. However, to 
summarise, it seems clear that nations operating in Antarctica will increasingly adopt GIS 
technology to handle the geographical data being gathered. National priorities and limited 
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budgets will ensure that GIS are adopted as and when politics, finance and expertise allow, 
which will inevitably lead to a distributed series of databases that range in coverage 
thematically, spatially and temporally. Thus, as the WG-GGI pointed out, it is particularly 
important that standards are developed that will allow for the eventual successful integration 
of these databases as they continue to grow in both size, quality and importance. The need 
for a focused initiative to coordinate Antarctic environmental data has been taken up in the 
joint SCAR/COMNAP proposal to establish an Antarctic Data Management System 
(SCAR/COMNAP 1992b), although how this should be organised and how the programme 
will be financed has yet to be determined. 

4. 5 Geographical information management 
It has been implicit in preceding sections that, to maximise their potential, GIS require 
deliberate and methodical approaches to geographical information management. This raises 
social, economic and institutional issues, in addition to those of a technical and 
organisational nature already discussed. All spheres of human activity in Antarctica 
(science, logistics, commerce, and environmental management) have specific needs and 
priorities in terms of the types and scales of geographical information they require, and 
some categories share similar requirements. Instead of approaching these common needs in 
an internationally coordinated programme of data collection and mapping, for practical 
reasons nations have tended to invest resources in establishing their own geographical 
databases, which are often incomplete, incompatible with, or inaccessible to, other nations 
- although there has been frequent bi-lateral cooperation. Duplication is destined to 
continue as maps require update and improvement. 

The amount of geographical information that could be collected is potentially 
unlimited, so choices have to be made between the amount and quality of the information 
that is desirable or acceptable and the cost of obtaining that information. As Epstein (1991: 
491) noted, 'for a management decision, the appropriate action is not a search for the best 
information but the best worth searching for'. Thus, it is necessary to develop geographical 
information strategies so those data that are most necessary are collected first and at the 
appropriate level of quality. It is important to ensure that information collected is then used 
effectively. Geographical information management is the process of ensuring these goals 
are met. 

Developing a coherent Geographical Information Strategy involves consideration of a 
wide variety of issues, including the users (e.g. scientists, managers, public), their 
objectives and perceived information needs, the relevant biophysical and social 
environmental variables, and factors associated with handling geographical information 
(quality, standards, access and coordination) (Figure 4.5). In Figure 4.5, the development 
of a Geographical Information Plan is illustrated as a process involving the specification of 
required information products through the definition of user needs and key environmental 
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variables. A Geographical Information Strategy is developed out of the Plan, and represents 
the detailed planning of the resourcing (cost, timing, organisation and logistics) required to 
implement the Plan. There should be constant re-evaluation of the Strategy to ensure that it 
is meeting the needs, and also re-evaluation of the needs themselves, environmental 
variables and information specifications to ensure that any changes in these are 
accommodated. In the context of GIS, the Geographical Information Plan may be 
considered a specification of the required information products to meet identified objectives, 
while the Strategy may be seen as the means of obtaining and distributing those products in 
a timely and cost-effective manner. As such, the Strategy should include specification of 
policies on data access and coordination. Development of a management strategy to meet 
such a wide diversity of needs is a complex task, especially in the multinational, 
multidisciplinary context of Antarctica. 

In the context of Antarctic environmental management, a variety of geographical 
information users can be identified, each of which have a range of needs. First, managers 
can be identified as a specific user group with needs at a number of levels in Antarctic 
operations and affairs: 

• managers of national presences in Antarctica: i.e. political; 
• mangers of national Antarctic programmes; 
• managers of logistics; 
• managers of science; 
• managers of commercial operations (e.g. tourism); 
• environmental officers; and 
• station managers. 

As a rule, more generalised types of information are required at higher levels in the 
hierarchy. Scientists represent a second user group with needs related to environmental 
management: Treaty provisions require scientists to assess the potential impacts of their 
work and to comply with the various restrictions. To do so they are likely to require 
geographical information on the regions in which they are working, noting the presence of 
protected areas, sensitive sites, presence of wildlife and so forth. Moreover, they may also 
need information on the other activities being conducted in order to assess the possible 
cumulative effects of their planned activities. The public represent a third user group with a 
need for geographical information. Geographical Information Plans and Strategies could 
help guide the collection of data to meet this range of needs. 

4. 6 Conclusion 
This chapter has reviewed the main principles, potential and problems of using GIS to 
handle environmental information. It is concluded that GIS are powerful tools that are 
having a major impact on the ways in which the collection, storage, manipulation, analysis, 
output, coordination and exchange of spatial information is undertaken. GIS capabilities are 
now becoming widely recognised and resource management agencies and scientists are 
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increasingly using GIS to assist them in the handling of spatial data. In addition, larger 
quantities of geographical data are being collected directly in digital form, using both 
tessellated and vector models, which greatly facilitates their incorporation into GIS. 

Some of the most significant challenges in relation to GIS in the complex multinational 
and multidisciplinary context of Antarctica, lie in the coordination of information handling 
activities. Environmental management in Antarctica is likely to need spatial databases drawn 
from a range of scientific disciplines, times and regions, which have been collected by a 
variety of individuals, probably of diverse national origin and training. In this context, 
international agreement on standards for spatial data quality and exchange are of the utmost 
importance. If this is not achieved and implemented, many of the potential benefits of GIS 
- for example relating to the ability to integrate data from diverse sources, to analyse spatial 
relationships, and to assist in the modelling and prediction of the behaviour of 
environmental systems - would remain under-utilised. More importantly, impediments to 
the sharing of information may also result in negative effects, e.g. where errors are made 
due to inaccessible information. To achieve the implementation of the standards there is a 
need to take more structured, coordinated approaches to planning geographical information 
collection and handling so that resources invested in data collection are used most 
effectively. Benefits would accrue not only to environmental managers, but also to 
scientists and others who have the need to use and analyse spatial data. 

These issues are taken up in a practical way in Part Three of this thesis, first by using 
the model of geographical information management developed in this chapter (Figure 4.5) to 
organise an approach to building a Geographical Information Plan, secondly by applying 
GIS to evaluate practical environmental management problems, and thirdly by using GIS to 
analyse and illustrate the problems associated with positional and attribute errors in Antarctic 
geographical databases. 
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5 

Human activities and environmental effects 

5. 1 Introduction 
There is growing awareness of the need for improvements in mechanisms for environmental 
management in Antarctica (Logan 1986, Kriwoken and Keage 1987, British Antarctic 
Survey 1989, Barnes 1991, National Science Foundation 1990, Walton and Morris 1990, 
IUCN 1991, Kriwoken 1991, Young 1991). This is reflected in recent actions within the 
ATS, particularly in the Protocol. Whether or not the Protocol is ratified, uncertainties 
remain on how or whether measures will become effective on the ground. In this there is 
likely to be continuity with existing management instruments already provided by the ATS. 

Permanent operations involving many nations in proximity are now found in several 
Antarctic localities. Recently Law Base (Australia), Progress Station (Russia) and Zhong 
Shan (China) have been established in the Larsemann Hills, all within a few kilometres of 
each other (Burgess, Spate and Norman 1992). Similarly Georg Forster (Germany), 
Novolazarevskaya (Russia) and Maitree (India) are adjacent in the Schirmacher Oasis area. 
On Ross Island, where US and New Zealand programmes have worked cooperatively since 
the IGY, it is intended that a joint approach to management will be developed within the 
framework of the new ASMA category (Smith, pers. comm., 1993). A draft ASMA plan 
covering adjacent stations in Admiralty Bay, King George Island, was tabled for discussion 
at a recent meeting of GOSEAC and was approved in concept for submission with minor 
modifications to the Treaty in 1994 (Walton, pers. comm., 1993). 

Nowhere are the needs for coordinated management of the environment and human 
activities in Antarctica more apparent than on King George Island, South Shetland Islands, 
where nine nations currently operate Antarctic stations (Figure 5.1 - p.91), as yet with no 
formally coordinated approach to planning in the Maxwell Bay area. The site was therefore 
selected for a detailed case study since, while it represen!s perhaps the most difficult 
situation in which to coordinate environmental management, there is no guarantee that 
solutions developed in more simple situations would work if applied to more complex 
contexts such as are found on King George Island. Impacts have arisen as a result of the 
concentrated activity, and a framework for environmental management, operating regardless 
of the nationalities involved, is urgently needed. This chapter reports information collected 
from field work on King George Island which assessed human activities, impacts and the 
resulting management problems. Possible management responses to these problems are 
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considered in Chapter 6. 

5. 2 King George Island 
Approximately 95% of King George Island is covered by an ice cap rising to 686 m. Some 
coastal areas are snow-free in the summer: the most extensive, Fildes Peninsula (c. 30.4 
km2), accommodates four research stations (Figure 5.2 - p.92). Sheltered deep harbours 
and accessible beaches have favoured development in Maxwell and Admiralty Bays. 
Vegetation cover, though sparse, is rich by Antarctic standards, with lichens, mosses and 
the flowering plants Colobanthus quitensis and Deschampsia antarctica characteristic of the 
Maritime Antarctic Zone (Holdgate 1977, Stonehouse 1989), or the Cold Antarctic Zone of 
other authors (Longton 1988, Young 1991). Thin soils in a few areas show frost-sorted 
stripes and polygons. In summer thaw upper layers are moist to saturated and extremely 
sensitive to pressure, and fresh-water lakes and streams support a diversity of plant and 
animal life. Winter sea ice inhibits intertidal life, but there is a rich sublittoral flora and 
fauna. 

There are large populations of breeding wildlife. Three species of pygoscelid 
penguin, Adelies Pygoscelis adeliae, gentoos P. papua and chinstraps P. antarctica breed in 
close proximity: other breeding sea-birds include Antarctic terns Stema vittata, cape petrels 
Daption capensis, Wilson's storm petrels Oceanites oceanicus, southern giant petrels 
Macronectes giganteus, black-bellied storm petrels Fregetta tropica, dominican gulls Larus 
dominicanus, blue-eyed shags Phalacrocorax atriceps, two species of skuas Catharacta skua 
lonnbergi and C. maccormicki, and sheathbills Chionis alba (Kamenev 1987, Peter et al. 
1988). Elephant seals Mirounga leonina breed and moult at various locations around the 
island. Weddell seals Leptonychotes weddelli are common for most of the year: smaller 
numbers of crabeater seals Lobodon carcinophagus and leopard seals Hydrurga leptonyx 
occur particularly from August to October, while fur seals Arctocephalus gazella are found 
especially in February and March, although in relatively small numbers (Peter et al. 1988). 

Details of the physical geography and human history of King George Island and 
neighbouring Nelson Island may be found in Headland and Keage (1985). Geology is 
discussed in Smellie et al. (1984) and Birkenmajer (1989), geomorphology in Vtyurin and 
Moskalevskiy ( 1985), terrestrial ecology in Guzman and Redon ( 1981) and Ochyra and 
Vana (1989), freshwater ecology in Paggi (1987), and marine ecology in Jazdzewski et al. 
(1986) and Sicinski (1986). The status of wildlife has been reviewed by Jablonski (1986), 
Kamenev (1987), Trivelpiece et al. (1987) and Peter et al. (1988), and recent data for 
penguins may be found in Woehler (1993). 
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5.3 Methods 
Five weeks were spent on King George Island in December 1989 and January 1990, 
visiting eight operating stations, one abandoned and semi-derelict station, and many huts or 
refuges. The itinerary included 17 days at the Chilean, Soviet, Chinese and Uruguayan 
stations on Fildes Peninsula, about four days each at South Korean, Argentine and Brazilian 
stations, and two days at the Polish station. The Peruvian station was not operational at the 
time and was not visited. Travel between stations was by inflatable boat and on available 
expedition ships. Distant sites beyond the edge of the ice cap were not visited. 

The aim of the field work was, as far as possible within the time constraint, to gain an 
holistic perspective on the nature of the environment and of the human activities, effects and 
problems to be found on King George Island. By direct observation and in interviews with 
station managers, scientists and others, data were gathered on numbers of personnel 
present, vehicle movements, fuel storage and consumption, constructions, waste disposal 
and environmental effects of human activities. Much of the ice-free land in the vicinity of 
stations was visited on foot and an attempt was made to identify areas with unusual or 
sensitive characteristics. 

Several base commanders seemed reluctant to reveal problems that were potentially 
embarrassing when asked questions about environmental management practices, although 
this reticence was not expressed explicitly. Some claimed they were not aware of any 
severe environmental impacts, yet it emerged from later interviews with scientists and other 
commanders that some substantial impacts (oil and water pollution) were well-known in the 
area and it would seem difficult to conceive that the station commanders were unaware of 
them. Sensitivity appeared heightened by a protest over perceived environmental problems 
conducted by Greenpeace in the area several weeks prior to my arrival. This highlights a 
possible limitation to the method adopted in the field work: full cooperation from station 
managers would enhance the quality of information gained, but this was not always 
achieved for the (understandable) fear that some information they held might cast themselves 
or their programme in a poor light. This was despite my fully informing the Antarctic 
programmes concerned of the nature of the research, and receiving their assurances of 
support and cooperation. 

To support the more qualitative information gathered through observations, as much 
quantitative data as possible were collected on numbers of personnel, constructions, fuel 
stores and consumption, and aircraft and shipping movements. These factors illustrate the 
scale of activities taking place, but provide only an indication of disturbance, since many 
impacts are not visible but might nevertheless be of significance. While it would have been 
desirable to measure levels of environmental disturbance through more objective and 
quantitative methods (for example, chemical analyses of animal, soil, air and water samples 
as conducted by Cripps (1992), McDonald et al. (1992) and Howington et al. (1992)), such 
sampling and analyses are beyond the scope of the present study. This work identifies only 
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where such analyses might be most desirable. 

5. 4 Human activities and effects 
5.4.1 Stations and refuges 

Activities and effects 

Table 5.1 (p.95) lists current and abandoned stations on King George Island, giving years 
of establishment. Refuges that were occupied for extended periods over the summer of 
1989- 90 are also listed. Since Headland and Keage's (1985) review, two further stations, 
King Sejong (South Korea) and Machu Picchu (Peru), have been added to the previously
existing eight. Teniente Rodolfo Marsh Martin (referred to henceforth as Marsh) has been 
considerably enlarged and comprises the meteorological station Presidente Frei, the 
scientific research facilities of Base Fildes, accommodation for air force and civilian 
workers, a settlement (Villa de Las Estrellas) housing about 10 families, and a hostel 
(Estrella Polar) with accommodation for 80 visitors adjacent to the airstrip (Figure 5.2). 
The station includes a post office, bank, hospital, school, souvenir store and small 
supermarket, and a gymnasium was constructed in 1989- 90. 

Ecuador had considered building a new station where their refuge was sited at Point 
Hennequin in 1988: heeding arguments against construction of more stations on King 
George Island, it built instead at Point Fort Williams, Greenwich Island, in February 1990. 
Most stations have been sited to take advantage of nearby lakes for fresh water supplies: 
pump facilities and pipelines have been installed. Some supplement lake supplies by using 
desalination plants. Conflicting reports were received from resident scientists on the 
contamination of water supplies in the Marsh and Bellingshausen area as a result of station 
developments and airstrip construction. Base commanders reported there were no current 
plans for major expansion of station facilities, though Germany built a new science facility 
in collaboration with Argentina at Jubany in 1992. 

Populations on King George Island in 1989- 90 appear in Table 5.1: both winter and 
summer numbers have approximately doubled since the 1983 levels reported in Headland 
and Keage (1985). Data are approximate because the population fluctuates through 
summer, and detailed information on total person-nights spent on the island is not kept. 
Thus, while the Chilean station commander reported that approximately 500 people stay at 
the Marsh hostel over the summer, the length of stay of individual visitors is not known. 

The number of field huts (refuges) on the island has tripled in the last seven years, 
rising to 15 since Headland and Keages' (1985) report (11 are new and one Chilean refuge 
near Jasper Point has been removed). On Nelson Island three new field huts have been 
built, bringing the total there to five. The Ecuadorean refuge was not occupied in 1989- 90 
and its future status is unclear. Many refuges are sited close to each other, especially on 
Ardley and Nelson Islands. Several expeditions planned to deploy new refuges. 
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Table 5.1 Stations and occupied refuges on King George Island 1989-901• 

Nationality 

Argentina 
Brazil 

Chile 

Ecuador 
China 
Peru 
Poland 
South Korea 
United Kingdom 
Uruguay 
USA 
Russia 

Station / refuge 

Teniente Jubany 
Commandante Ferraz 
Padre B. Rambo (refuge) 
Teniente Rodolfo Marsh Martin2 

comprising: 
Presidente Frei Montalva2 

Villa de Las Estrellas 
Estrella Polar (Hostel)3 

Base Fildes 
Chilean Air Force 
Workmen I medical 

Year 
Established 

Jan? 1948 
Feb 1984 
Jan 1986 
Mar 1980 

Mar 1969 
1980-81 
1981-82 

May 1986 

(Marsh sub-totals 

refuge 
Great Wall 
Machu Picchu 
Henryk Arctowski 
King Sejong 
BaseG 
Artigas 
Peter Linnie refuge (Copacabana) 
Bellingshausen 
GDR (refuge)4 

Czechoslovakia (refuge)s 

Jan 1988 
Jan 1985 
Feb 1989 
Feb 1977 
Dec 1987 

Jan 1947-61 
Jan 1985 

1985 
1967-68 

? 
1989 

TOTALS 

(1989-90) 
Winter Summer 

10 
12 

10 
30-33 

1-2 
24 

2 
67-71 

25 
30 

4 

10 
30-33 

0·80 
45-50 

24 
27 

136-224) 

16 38 
(not operational) 
19 25 
14 34 

(closed) 
8 20 

4 
29 62 

4 4 
2 

179-84 384-472 

1. Data sources: personal comments of station commanders, national reports to SCAR, 
Headland and Keage (1985), Headland (1989), Greenpeace International (1990a). 

2. The complete station complex of Teniente Marsh was renamed in 1993 as Presidente Frei, 
with the airfield alone retaining the name Teniente Marsh (Bastias, pers. comm., 1993). 

3. Occupation of the hostel varies throughout the summer. It has an 80-bed capacity. 
4. German Democratic Republic (now Germany) was logistically supported by the former 

Soviet Union (now Russia). 
5. Czechoslovakia was logistically supported by the former Soviet Union. 

5.4.2 Derelict buildings 

King George Island has one abandoned station and several field huts in disrepair. The 
station, British Base G on Keller Peninsula, Admiralty Bay, was closed in 1961, though 
later used intermittently by members of BAS and others. It comprises two main buildings 
about 200m apart. The south building, on a hill behind Ferraz Station, was in a poor state 
of repair and uninhabitable in 1990 (Figure 5.3 - p.100); parts of the roof have collapsed 
and snow and ice has accumulated inside. The northern building was in better repair and 
relatively weather-proof. Though the floor was damp, the roof was intact and the loft 
contained dry but ageing provisions. Restoration would appear possible. Visitors from the 
nearby Brazilian station generally take care of the building. 

A nearby Argentine hut, built in 1948, was derelict. Similarly, a Russian field hut on 
the beach at Biology Cove (name given on Chinese map) on Fildes Peninsula was derelict, 
clearly unused for many years. Old drums, nailed planks and other rubbish lay nearby. 
The Russian station commander mentioned plans for renovation at an unspecified time in the 
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future. The status of the field hut constructed at Lions Rump by the Polish programme was 
not assessed in person, but was described as uninhabitable in 1989 (SCAR 1991 b) and 
again in 1991 (Richards, pers. comm., 1992). Plans for renovation or removal of this 
facility are not described in the Lions Rump SSSI management plan (ATCPs 1992a). 

5. 4. 3 Air access, aircraft movements 
The hard rock runway built by Chile in 1979- 80 has been expanded to 1342 m, partly with 
gravel excavated from Ardley Island. The airstrip, which is maintained with heavy 
machinery, is capable of receiving wheeled Hercules C-130 aircraft year-round: two C-130 
flights per month are made from Chile in the summer and one per month in winter 
(Greenpeace International 1991). The airstrip is used by the Antarctic programmes stationed 
on King George Island: Greenpeace International (1991) reported up to six flights annually 
from Uruguay; Brazil is also known to use the airstrip on a regular basis. It is used by 
national programmes en-route to other parts of the Antarctic and by tourist companies (see 
below). There was an annual average of 2017 aircraft arrivals and departures at the facility 
from 1984- 88 (mean: 5.5 day-1) (Figure 5.4). These data include shuttles to and fro by 
helicopters. Bastias (pers. comm. 1993) reported that 23,655 passengers were transported 
to King George Island by the Chilean airforce from 1980-93. 

Noise and dust from individual aircraft at Marsh are substantial, but terns, skuas and 
several species of petrel continue to nest near the airstrip. This is the only airstrip on the 
island, though Argentina operates up to four flights annually from a snow runway on the 
glacier above Teniente Jubany. Of more environmental concern are flights over Ardley 
Island, where many penguins and other species nest. The island is close to the eastern 
approach path to Marsh airstrip, and helicopters were observed repeatedly circling the island 
on tourist flights in January 1990. These issues are analysed further in Chapter 8. 
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Figure 5.4 Number of aircraft arrivals and departures at Marsh airstrip 1984-88 (data from Marsh 
air traffic control). 
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5.4.4 Ship movements, sea travel 
In the absence of a single port of entry, recognised shipping routes, or a standardised reporting system, it is difficult to quantify ship movements accurately. The Chilean station commander reported that between 50 and 75 vessels call at Maxwell Bay annually, though scientists working in the area reported 174 ships in 1989. No records are kept of their size, movements, numbers of passengers, nor duration of visit. Other vessels call unrecorded at Admiralty Bay and other harbours. Navigation markers and beacons have proliferated on headlands and islands, mostly at the request of ship's masters when they felt there was a need, with little evidence of international coordination. For example, Uruguay recently erected a large beacon with light on Jasper Point, 100 m from an unlit Russian marker. 

Day-to-day travel in enclosed bays close to stations is commonly in inflatable craft with petrol outboard engines. These are used also for marine research and fishing, and in favourable weather occasionally travel between Admiralty and Maxwell Bays. Russia and Poland maintain two rigid-hull launches for marine research and use amphibious tracked vehicles for cargo transfer to and from ships. 

5.4.5 Travel on land 
King George Island has c. 14.5 km of gravel roads, 12.5 km linking Marsh, Great Wall, Bellingshausen and Artigas (Figure 5.2), and one km each on Ardley Island and Point Thomas, Admiralty Bay. Chileans use heavy trucks and machinery, such as a grader, for maintenance of roads and the airstrip. Many of the programmes use bulldozers close to station facilities. Russian and Chinese heavy tracked vehicles are used for transport on Fildes Peninsula throughout the year. Most of the stations have snowmobiles or tracked vehicles suitable for winter use or for access to the ice cap. 

Tracked vehicles impose severe impacts on soils and vegetation: damage is locally acute. In winter frozen ground and snow offer some protection, though vehicles can cut deeply through thin snow, damaging vegetation beneath. Examples of damage to soils and vegetation from tracked vehicles were particularly evident on Fildes Peninsula. A small experiment on patterned ground was surrounded by a network of deep vehicle tracks: access had much greater impact than the experiment itself. Paradoxically, some of the worst examples were in an area in the northwestern part of the peninsula unofficially designated by the former Soviet Union as a reserve for biological research (Figure 5.5 - p.100). Damage from vehicles is found also on Ardley Island, although a road recently constructed to refuges has served to limit impact. Land vehicle access to this island, designated as SSSI-33 in 1991, is now prohibited under the management plan (ATCPs 1992a). Tracks evident near Stranger Point were probably not recent, since use of vehicles in this area has been restricted since 1985 when the site was declared an SSSI. 
The Russian station commander reported that guide-lines required vehicles to be used away from base only in support of research. Drivers were advised to keep to defined routes 
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and avoid vegetation. However, as can be seen from the examples given above, guide-lines 
are clearly not always followed. Vehicle impact has been particularly severe around the 
Russian station, where slopes have been severely eroded and tracks have penetrated to a 
depth of 0.5 m. Drainage patterns have been altered and quagmires formed. Problems 
associated with land vehicle use are analysed in more detail in Chapter 8. 

5.4. 6 Fuel management 
Fuel oils of several grades are brought to the stations by ship and stored locally in tanks and 
drums. Recent groundings and subsequent marine fuel spills from the supply vessels Bahia 
Paraiso near Palmer Station (Antarctic 1989c, Barinaga and Lindley 1989, Wilkniss and 
Chiang 1990) and Humboldt close to Marian Cove, Maxwell Bay (Antarctic 1989b), and 
terrestrial fuel spills at Amundsen-Scott (Antarctic 1989a, Wilkniss and Chiang 1990), 
Casey (two spills: Antarctic 1990, Aurora 1991) and McMurdo (Greenpeace International 
1990a, Wilkniss and Chiang 1990) stations, have highlighted dangers of environmental 
contamination associated with the use of fuel in Antarctica. Cripps and Friddle ( 1991) noted 
that, while the background level of hydrocarbons in the Antarctic marine environment is still 
very low, local incidences of contamination can be lethal to a variety of organisms. 
However, Cripps (1992) noted that in the area close to the small BAS research station at 
Signy Island, levels of hydrocarbon pollutants dropped off to near open-ocean background 
levels within a few hundred metres of the base. This site is an enclosed bay that was 
previously used as a shore station for whaling activities and has been occupied by BAS 
since 1947: several small oil spills have been recorded, with no apparent lasting ecological 
effects. There are six stations located in the much larger and more open Maxwell Bay area 
of King George Island, so the results at Signy may be a poor indicator of the effects of 
occupation and spills in this area. 

Table 5.2 shows diesel fuel storage capacity and estimated consumption at King 
George Island stations in 1989-90. In addition, aviation fuels are stored in four 24,000 litre 
tanks at the airstrip, and petrol for land vehicles and boats in a 10,000 litre tank near the 
beach at Marsh (Greenpeace International 1991). More aviation fuel and petrol and are 
stored in 44-gallon drums: approximately 650 on the shore in front of Marsh station and a 
further 200 close to the airstrip. Smaller quantities of these fuels are stored at other stations, 
but no data on their storage and consumption were available. 

Oil has leaked from storage tanks at Marsh: this has apparently been a problem for 
some years but leaks were continuing in January 1990, contaminating a stream and 
sediments and killing vegetation in Biology Stream (place name on Brazilian map of Fildes 
Peninsula - see Table 7.4 for reference). This is a nesting area for a number of birds, 
including Antarctic terns, skuas and Wilson's storm petrels, and is used also by elephant 
seals during their annual moult: penguins use the nearby beach and bay. Smaller fuel leaks 
were observed from drums and a major storage tank within the catchment of water supply 
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Table 5.2. Estimated diesel fuel storage and use, 1989-90, King George Island bases.1,2,3 

Station 

Bellingshausen 
Teniente Rodolfo Marsh Martin 
Great Wall 
Artigas 
King Sejong 
Teniente Jubany 
Henryk Arctowski 
Commandante Ferraz 
Machu Picchu 

Approximate totals 

Capacity 
(1 OOO I) 

11,000 
1,000 

764 
80 

900 
75 

830 
588 

15,237 

1 . Consumption data refer to diesel used to power bases and run diesel vehicles. 

Use 
(1000 I/yr) 

2004 
800 
120 
60 

200 
50 

185 
200 

1,815 

2. Data do not include petroleum and other fuels to run vehicles, appliances, aircraft or boats. 
3. Data sources: personal comments of station commanders, lnstituto Antartico Chileno (1989), 

Greenpeace International (1990a, 1991 ), Rakusa-Suszczewski and Krzyszowska (1991 ). There were 
discrepancies between some of the Greenpeace data and some quantities given by commanders. 

4. Data not available: estimated from stations of comparable size. 

for Bellingshausen (Figure 5.6 - p.100). Fuel spillage was evident on the shore in front 
of the storage tanks at Marsh, and around the jetty area; when rocks and sediments were 
disturbed a film of oil rose to the surface of the sea, though impact here was less severe than 
in Biology Stream. Spillage varying in severity was evident close to the fuel storage 
facilities at all stations visited. Though the quantities of fuel involved suggest the potential 
for serious damage, none of the storage facilities had containment tanks or berms at the time 
observations were made. There was no indication that local stations had facilities to deal 
with serious spills on land or at sea. 

Oil was released from two punctured fuel tanks when the Humboldt, chartered by the 
Peruvian programme, ran aground on rocks near King Sejong station in Maxwell Bay on 
February 26, 1989 (Antarctic 1989b). By March 1, 1989, the slick was reported by the 
Chilean Navy as 150 m long and 5 m wide, but no details were given of the volume of oil 
released. On March 2 the Chilean naval cutter Yelcho began work on containing the spill, 
which by then had grown to one km in length by 50 m in width. Floating booms were 
deployed to prevent further spread of pollution and eventually the leaks from the tanks were 
sealed. No serious damage to local ecology was reported, but with substantial wildlife 
populations in the area it would seem unlikely, even given the relatively small spill, that no 
damage was done. Aside from this incident, biologists reported smaller but more regular 
occurrences of oil pollution in Maxwell Bay, considering visiting ships at least partly 
responsible. Several ships in Maxwell and Admiralty Bays were observed to discharge oil
contaminated bilge water in 1989-90, which ATCM Recommendation XV-4 prohibited 
several months earlier (such practice will also be prohibited under Annex IV, Article 3, of 
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Figure 5.3 A management problem: interior 
of the south building of the abandoned British 
Base G on Keller Peninsula, Admiralty Bay. 

Figure 5.5 Impact on soils and hydrology from 
tracked vehicles, NW coast of Fildes Peninsula. 
The tracks lie within the radius of a Soviet 
biomonitoring site. 

Activities and effects 

Figure 5.6 Fuel storage tank within water supply 
catchment for Bellingshausen: oil had spilled from 
transfer pipes into the depression in the foreground. 
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the Protocol (see Appendix 2)). 

5.4. 7 Waste disposal 
A refuse disposal site associated with Marsh is located in and around two lakes above and to 
the south of the station (Figure 5.2), while that for Bellingshausen is on the foreshore of 
Ardley Cove. In response to criticism, attempts have been made to clean up these areas by 
removing or burning some material and bulldozing rock and soil to cover much of the 
remainder (personal comments of station commanders reported by Greenpeace International 
1990a). Though the site above Marsh station was reported to be no longer in use since 
1989, fresh material was in evidence in January 1990. Drums dumped at this site have 
leaked thick deposits of oil: more oil was clearly visible on the surface of the stream draining 
the catchment, and plastic, rubber and metal items were present, suggesting that other 
chemicals are leaching into the ecosystem from sources within this area. The partly
enclosed bay into which the stream drains is important for wildlife. A third waste disposal 
site, near the Chinese station, was found in a catchment which also drains into this bay. 
Though efforts had been made to clean up this area, material remaining had contaminated a 
small lake. 

On a smaller scale, rubbish dumped behind a rock 500 m from Artigas had been partly 
burned, and some of the remains distributed over a 100 m radius. However, most solid 
waste generated at Artigas in 1989 was removed in drums with the help of Bellingshausen 
personnel and transported out of the Treaty Area on a Chilean naval support ship. Disused 
vehicles and machinery stockpiled behind Bellingshausen were scheduled for return to 
Russia, though in January 1990 no apparent action had been taken. Though all station 
commanders report efforts being made to transport waste back to their countries, the 
effectiveness of these measures varies widely among stations. 

Burnable items continued to be incinerated, though some stations no longer burned 
plastics. Ferraz and a few others separated plastics and metals from other wastes and 
remove them from the Treaty Area. Stations varied also in disposing of organic wastes and 
sewage. Many (for example Russia and Argentina) still dumped sewage untreated into the 
sea. South Korea and other newer stations by contrast had modern treatment facilities: 
China installed a treatment plant in · 1990- 91 . Both Ferraz and Arctowski used septic tank 
systems, and removed the solid residue periodically by ship. , 

Diesel engines generate power at all stations on King George Island. Generator 
exhausts are generally not filtered and, as shown from long-term studies at Rothera (British 
Antarctic Survey 1989), effects of emissions are cumulative and measurable in the 
immediate vicinity surrounding stations. The combined effects from numerous stations and 
vehicles operating within an area such as Fildes Peninsula are likely to be greater and more 
extensive than those measured at Rothera, but the actual effects are unknown. 

Impact from the presence of contaminating metals, unless extreme, cannot be assessed 
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without analysis of concentrations in soil, water, animals or plants. Preliminary results determined by other researchers (Greenpeace International 1992a) show elevated levels of heavy metals in soil and water samples taken from near stations on King George Island, particularly at Jubany. Visual signs of discarded metals were aluminium panelling, nails and other building materials near stations on Fildes Peninsula, and 44-gallon drums abandoned or washed up on beaches, especially on Ardley Island (Figure 5.7). Wreckage from an old antenna lay close to the Argentine and Chilean refuges on the island, with the remains of a large iron wharf structure on the beach. Wire was found at sites of abandoned scientific work on Fildes Peninsula and a lead-acid battery was found in a stream. Empty cans, including aerosol cans, were occasionally found on beaches. 
Discarded plastic bottles, bags and sheets from packaging, buoys and items of rubber were common on beaches in Maxwell Bay and the northern coast of Fildes Peninsula. Polystyrene, other types of foams and nylon packaging bands (recognised hazards to wildlife) were also frequent. Wood from packaging, buildings and ships was the most ubiquitous of all pollutants in the region, and protruding nails of potential danger to wildlife were common. Other man-made materials such as nets and rope were less common, but again hazardous to wildlife. Broken glass occurred rarely on beaches. Refuse collects especially at the high water mark; in this zone man-made items were found at least within every 10 m on Maxwell Bay and Fildes Peninsula beaches, and within 20 m on headlands. Much less material has accumulated on beaches in Admiralty Bay; perhaps either because of greater environmental awareness among nations operating in this area or because of prevailing winds and currents. The major source is probably ships rather than local stations, which suggests that plans for regulating this pollution will not be effective on King George Island unless the provisions of A TCM Recommendation XV-4 or Annex IV of the Protocol are followed or enforced. Other contaminants, real or potential, noted as likely to originate from or near local stations included exhaust emissions, dust from aircraft (likely to be concentrated near the airstrip), aircraft de-icing chemicals, photographic liquids, cleaners, solvents, anti-fouling and other paints, aerosols from incineration, and household or scientific chemical products. 

5.4. 8 Effects of scientific research 
Evidence of sampling and past constructions for scientific purposes are commonplace on Fildes Peninsula (Figure 5.8). Painted and numbered rocks, painted lines, stakes, pegs, metal markers and many other artefacts occur, especially on prominent hills. Most are clearly abandoned and no longer useful, though it would be difficult to check that all are redundant without reference to the scientists who instigated them. By comparison, British scientists on Signy Island are required to record the location and status of all such markers in a 'stake book', so that they may be maintained or removed as necessary. Research has clearly altered some of the natural systems on King George Island: outside of the protected 
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Figure 5.8 Construction for scientific study, 
apparently abandoned, 

on Fildes Peninsula. 
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Figure 5.7 44-gallon drums abandoned 
on Ardley Island. 
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areas, for which management plans are prepared, there are no specific policies on future 
conduct or sampling procedures that would minimise impacts. 

In response to the lack of official management policies, research workers seeking to 
protect some of their sites have posted notices: other areas are known locally to be 
'reserves', though these have no official protected status under the Antarctic Treaty; others 
again are used without any form of special protection. For example, Russian workers have 
declared an unofficial 'biomonitoring site' in the northwestern part of Fildes Peninsula, a 
small area near the Chinese station is signposted as a 'biological monitoring site', and 
German biologists had declared the penguin colony on Ardley Island a 'research reserve' 
(this latter example has now been superseded by designation of the island as an SSSI -
ATCPs 1992a). Most sites where scientific work is being conducted, however, are not in 
any way signposted. 

5.4.9 Disturbance to wildlife 

Species are widely diverse in their responses to human disturbance. Giant petrels, a 
particularly sensitive species, have abandoned nests close to Great Wall station following 
construction in 1985, and Keage (1986) reported that penguins were evicted from breeding 
sites to enable building to proceed. Biologists who worked in the area prior to this date 
reported several hundred Weddell seals which previously hauled out on nearby beaches no 
longer do so, although the difficulty of separating naturally occurring population changes 
from those caused by human disturbance is acknowledged. 

Multiple ornithological projects targeting the same populations have resulted in birds 
wearing the identification tags of several different nations. Populations on- Ardley Island 
have been particularly exposed to disturbance from aircraft, vehicles, scientists, base 
personnel, tourists and journalists. An 80% decline in the Giant petrel population has been 
reported in this area (SCAR 1991b). However, Antarctic terns continue to nest within 200 
m of Ferraz Station even though they are repeatedly disturbed by curious visitors. 

Sensitivity of station personnel and tourists toward wildlife varied widely, from 
deliberate antagonism to cases where all reasonable efforts were made to minimise 
disturbance. Much impact on wildlife arises out of ignorance about animal behaviour 
(species sensitivity, tolerance to approaches) rather than deliberate attempts to antagonise. It 
was commonplace to disturb birds while walking through their breeding territories: while a 
few of these territories might have been avoided had suitable maps been available, the 
territories of different species occupy most of the available ice-free ground (Peter et al. 
1988), making it impractical to restrict personnel movement solely on this basis (see also 
Chapter 8, Figure 8.4). 

5.4.10 Alien imports 

Several nations had imported foreign plant species to their stations for cultivation or 
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aesthetic purposes, and a few have also kept pet animals, contravening the Agreed Measures 
under the Antarctic Treaty. Reports that a large number of live pigeons were brought to the 
island by the Chinese were of particular concern. Though few, if any, of the pigeons 
remained (they were apparently attacked by local birds), the possibility exists that avian 
diseases or parasites were thereby introduced. While there was no evidence that introduced 
species had established themselves beyond the stations, it is possible that microbial species 
carried in soil, animal or vegetable matter, may remain viable and ultimately spread. 

5.4.11 Tourists and private expeditions 

Groups of tourists, usually about 30 in number, are occasionally flown to King George 
Island by Chilean Air Force C-130 aircraft for stays of up to five days in summer. Chile 
reported eight such flights from March 1988 to March 1989, conveying a total of 236 
tourists (Chilean National Committee on Antarctic Research 1989), which indicates no 
increase since the early 1980s (Headland and Keage 1985, Boswall 1986). The tourists 
stay at the airport hostel, as do family and friends visiting station personnel. They visit 
nearby stations and beaches, occasionally charter Chilean Air Force aircraft for short flights 
over the island (which can include landing on the ice cap), and observe wildlife, frequently 
on Ardley Island. Tourist movements on Ardley Island are more restricted now that it has 
been designated an SSSI. 

In February 1989 Linea Aerea del Cobre (LADECO) and Turismo COCHA arranged 
an overflight of 60 passengers in a Boeing 727 (Chilean National Committee on Antarctic 
Research 1989). Greenpeace International (1990a) reported that LanChile plans commercial 
flights to the area. Marsh facilities are being used increasingly by tour groups for access to 
other parts of Antarctica. Chile reported 195 tourists on 26 flights between November 1 
1988 and January 30 1989, en route to other areas with Adventure Network International. 
Members of national Antarctic programmes en route to other stations and journalists made 
up the majority of guests at the Marsh hostel from December 1989 to January 1990, with 
other guests comprising members of stations on King George Island and naval personnel. 

Journalists appeared to be a significant visitor group. Some stay for long periods: for 
example, two Japanese-crews of six and seven persons were based at the hostel over the 
summer period, one crew filming the impact of people on penguins over a 20-day period, 
the other filming the life cycle of the Adelie penguin over four months. Both crews were 
working on Ardley Island and the filming involved close contact with the birds on an almost 
daily basis. Other journalists are more transient; the commander of Artigas station reported 
brief visits in 1989 from Soviet, Japanese, British and Korean television crews, usually of 
three or four, also newspaper journalists, writers and photographers from Greenpeace. In 
addition two journalists from the National Geographic Magazine visited aboard a chartered 
yacht, and in January 1990 several journalists accompanied a visit by the French 
environmentalist Jacques Cousteau. 
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Most tourists currently visit King George Island on cruise ships; smaller numbers also 
arrive on scientific support vessels and private yachts (Enzenbacher 1991, 1992a, 1992b). 
Chile reported 15 cruises by two ships, Society Explorer and World Discoverer, of the US
based company Society Expeditions Inc., between November 1988 and February 1989, 
carrying a total of 1546 passengers, and six cruises by MV Illiria of U.S-based Travel 
Dynamics, between December 1988 and March 1989, with a total of 720 passengers 
(Chilean National Committee on Antarctic Research 1989). In the October 1989 - April 
1990 period Chile recorded a total of 107 5 passengers disembarking from vessels calling at 
Marsh station (Republic of Chile 1991). Chinese, Polish and Brazilian stations reported 
visits from 500- 600 tourists in a season. Brazilian scientists noted that a tourist party 
visited Ferraz about once every 10- 15 days over the summer period. Fewer tourists visit 
the South Korean, Uruguayan and Argentine stations. South Korea reported 120 tourists 
visiting from the World Discoverer in December 1987, a similar number from the Society 
Explorer in February 1988, but no tourist visits at all during 1989. The number of private 
yachts is hard to quantify - but possibly up to ten (see Monteath 1990, Enzenbacher 1991) 
visit the area each year. 

Tourist operations on King George Island are generally viewed with favour by 
scientists and station commanders. It was noted that most ships are well organised and 
there are few problems, even though quite large numbers of tourists and other parties are 
now visiting. Biologists on Ardley Island noted some incidents of insensitivity toward 
nesting penguins on the part of tourists and visitors from nearby stations: individuals were 
observed deliberately disturbing wildlife for photography. Some damage to mosses from 
trampling was noted around a whale skeleton which forms a tourist attraction near Ferraz. 

5.4.12 Inspection teams 
National inspection teams operating under the terms of the ATS form another visitor group. 
Over the course of little more than a year, Artigas reported inspections from seven ATS 
signatory nations: China and USSR in December 1988, United Kingdom and New Zealand 
in January and February 1989, France and West Germany in December 1989, and Brazil in 
January 1990. Representatives of Greenpeace have visited King George Island stations for 
unofficial 'inspections' annually since 1987 (Greenpeace International 1992a). With the 
increasing number of nations becoming involved in Antarcti~ activities and more rigorous 
environmental standards for operations, tours of inspection are likely to become more 
common. Because they usually make use of existing logistic support, they are not likely to 
add significantly to impacts, although many of the visits involve substantial detours from 
routes that might be taken for purely logistic purposes. 

106 



Activities and effects 

5. 5 Conclusion 
This chapter has reviewed the status of activities on King George Island and has pointed out 
numerous examples of existing environmental management problems. Many of these 
problems, real or potential, are related to activities specific to one programme, some relate to 
combined effects of numerous nations working in a confined area, while others relate to the 
cumulative effects of operations over time. It should be noted that, because of the nature of 
the field work methods, it has not been possible to assess a range of potential impacts -
especially those not visually obvious - and many human effects are likely to exist which 
have not been identified. However, the number and range, and in some instances the 
severity, of the existing impacts that have been identified, strongly suggest that current 
management practices have failed to prevent the types of problems the ATS has sought to 
avoid. To prevent these types of impacts from occurring, or to respond to them in a more 
timely manner, new management approaches are needed which can be applied in this 
complex multinational situation. Chapter 6 will make specific suggestions on the types of 
management responses required. 
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Improving environmental management 

6 .1 Introduction 
Problems on King George Island requiring multinationally coordinated management 
responses were reviewed in Chapter 5. This present chapter proposes practical solutions, 
highlighting deficiencies in current environmental instruments and gaps in the new Protocol. 
A model for reforms is proposed which, while developed particularly for King George 
Island, is expected to apply elsewhere in Antarctica. 

6. 2 Improving management 
6. 2 .1 Stations and facilities 
ATCM and SCAR recommendations for siting scientific stations have been ignored on King 
George Island, both for practical and political reasons. A regional management and 
scientific strategy would encourage nations to better coordinate their activities, help to 
ensure improved maintenance or removal of deteriorating facilities, and perhaps lead to 
greater shared use of stations and field huts. A more coordinated approach is also needed 
for navigation and other markers, which are being erected in an uncontrolled way on 
prominent hills, rocks and headlands. The Soviet and East German programmes had a 
long-cterm programme demonstrating the feasibility of shared facility use at Bellingshausen, 
while the Dutch programme has rented facilities at Polish Arctowski Station. Recent efforts 
to encourage better coordination in science and management on King George Island, evident 
in the ASMA plan for Admiralty Bay and in the May, 1993, SCAR I NSF I University of 
Chile seminar focusing on coordinating science in the region, are to be welcomed. 

Facilities often expand by gradual increments which escape scrutiny: when does their 
expansion become an impact and require an EIA? Since the first ATCM recommendation 
concerning the need for impact assessment in 1970, the activities of several long-established 
stations on King George Island have expanded substantially and well beyond limits that 
would reasonably require EIA should the expansion have occurred over a short space of 
time. Seven new bases have been built since the 1975 Code of Conduct encouraging 
nations to assess the effects of their activities, yet few environmental assessments have been 
tabled (one, however, appeared recently for the Polish station constructed in 1977 (Rakusa
Suszczewski and Krzyszowska 1991). Barnes (1991) has noted a similar trend elsewhere 
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in Antarctica. Although the Protocol promises to improve the effectiveness of EIA 
procedures, it will still depend on national operators and legislation for implementation. 
Operators will not be required to submit IEEs for review by other ATCPs, which may be a 
potential source for errors to go unchecked, or for political and project objectives to take 
precedence over environmental concerns. Moreover, in areas such as King George Island, 
there is a need for affected parties to be informed of activities requiring IEEs before they 
occur, in case they pose problems of mutual interference or cumulative impact. The 
COMNAP (1991) EIA guidelines call for IEEs to be sent to the COMNAP secretariat: if 
implemented, this might be one way to ensure IEEs are circulated to likely affected parties. 
There should also be a requirement for IEEs to be sent to the CEP, when it is formed. 

Improvements would also come through using the more proactive and coordinated 
management approaches required by ASMAs. Within such areas, defining Facilities Areas 
would help to contain developments within prescribed zones and prevent the uncontrolled 
sprawl of stations (see Table 6.4, p. 121). Within ASMA Facilities Areas, programmes 
would be free to manage their stations and developments as they saw fit - subject to 
accepted ATS conditions - but altering the boundaries of Facilities Areas would represent a 
change to the ASMA requiring approval by all ATCPs. This approach would ensure better 
coordination and more accountability in the siting and expansion of stations and facilities. 

6.2.2 Vehicle use 
There is need for agreement on the use of vehicles, in particular for those aspects of air 
traffic and shipping planning with environmental implications: definition of air and sea lanes 
where necessary, and emergency planning. Tighter controls are needed for the use of 
helicopters near areas important for wildlife, and the 300 m minimum distance agreed in the 
management plan for SSSI-33 at Ardley Island needs to be enforced and monitored. Pilots 
approaching Marsh airstrip should be aware of the potential harmful effects of low-flying 
aircraft on wildlife (Rounsevell and Binns 1991, Swithinbank 1993), and more research is 
needed to determine the distances at which these effects become significant. For clarity, 
minimum distances need to be defined consistently: the Agreed Measures suggest 200 m as 
a minimum, at SSSI-33 it is 300 m, while in the Protocol no distance is defined specifically. 
The Protocol has the advantages of flexibility and taking account of the variability in species 
sensitivity, but it is unlikely that all operators and pilots wilJ be familiar enough with local 
species ecology to know when their activities will cause 'harmful interference'. Specifying 
minimum distances taking account of vulnerable species would reduce ambiguity and make 
regulations easier to apply. 

Roads or defined routes are needed for land vehicles, and vehicles should be 
prohibited from Sensitive Areas, which should be defined in ASMAs where there is high 
risk of damage in heavily-used areas (see Table 6.4, p. 121). All these objectives demand 
better topographic and bathymetric maps, with routes and protected areas clearly marked. 
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Roads will need to be maintained, and vehicles designed and driven in ways that minimise 
impact on the environment. 

6. 2. 3 Fuels and wastes 

Chapter 5 noted that large quantities of several grades of fuel are shipped annually to King 
George Island and stored there: spills of varying severity have already occurred and are 
inevitable in the future. Though the Exxon Valdez (Davidson 1990) and Bahia Paraiso 
(Barinaga and Lindley 1989, Kennicutt and Sweet 1992) disasters demonstrated that oil is 
difficult to clean up in polar marine environments, emergency facilities on King George 
Island were lacking and there were no coordinated plans to deal with serious spills -
though ATCM Recommendation XV-4 recognised the need. Fuel contingency planning is 
currently under discussion by programme managers: a Regional Planning Committee was 
established in 1991 to address these issues in the King George Island area (COMNAP 
1991), and this is to be welcomed. Notwithstanding these efforts, siting large fuel bunkers 
on King George Island to supply commercial or other activities close to or remote from the 
island, while not contrary to the existing or Protocol regulations, should be questioned. The 
local ecology is vulnerable, and the marine information deficiencies and other hazards to 
ships are risks that might be avoided if these facilities were located outside of the Antarctic 
Treaty area. 

Practical measures to improve fuel management on King George Island would include 
berms around storage tanks, alarms and flow meters fitted to valves to warn of leaks, and 
the quantity of fuels stored in the region should be minimised to the level necessary for safe 
operations. A local store of clean-up facilities is recommended, which Naveen (1989) 
suggested could be kept at Marsh station. There would appear to exist support for this 
concept, for Chile has suggested that a regional oil spill contingency centre be developed in 
the Peninsula area (Shears, pers. comm., 1993): King George Island would seem an 
appropriate site justified by the concentration of activity and year-round access. 
Contingency plans are needed for rapid response to spills, and COMNAP (1991: 11) aimed 
to produce draft plans for all stations in the Antarctic by the end of 1992: this has been 
revised to the end of 1993. Plans have been developed so far by five countries, including 
the US and UK (Walton, pers. comm., 1993). While contingency plans are being 
developed for the King George Island region, none was publicly available in April 1993. 
More research on the levels and significance of hydrocarbon contamination is needed, and 
initiatives such as the Antarctic Hydrocarbon Monitoring Programme being developed by 
Cripps (BAS) and Nichols (CSIRO, Tasmania) are welcome: data from areas where there is 
a concentration of logistics, such as King George Island, would be helpful. 

ATCM XV-3 and the Protocol call for improvements in waste disposal, suggesting 
that large quantities of sewage and domestic liquid wastes, such as generated at a base 
occupied continuously by 30 or more people, should at least receive primary treatment 
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(maceration) (ATCPs 1990a). The Annex on Waste Disposal to the Protocol does not, 
however, refer specifically to the cumulative effects of wastes where several stations operate 
in close proximity. On King George Island this will require improved international 
coordination and agreement on environmental standards. Furthermore, provisions in Annex 
IV of the Protocol must be used to exercise greater control over wastes and rubbish 
discharged from ships remote from the area, which accumulate on local beaches. 

ATCM XV-3 requires nations to 'the maximum extent practicable' to ' ... clean up the 
waste disposal sites and abandoned work sites of their Antarctic activities', phrases which 
leave room for interpretation; the first has been omitted from the Protocol in its equivalent 
provision (Annex III, Article 1.5), but there is no definition of 'clean up'. Although 
Greenpeace International (1991) reported 1200 drums of waste were removed from the 
decommissioned Chilean dump site on King George Island in 1989, soil and rock were 
bulldozed over remaining refuse to 'clean up' sites. This may reduce dispersal by wind and 
scavengers and improve appearances, but waste material of unknown types remains as a 
source of future contamination. 

6.2.4 Specially protected and sensitive areas 
King George Island currently has five SSSI (Table 6.1), covering approximately 1.5% of 
the land and permanent ice area, or 12% of the ice-free land, which reflects their purpose of 
designation. Ardley Island, formerly an SPA, had its status revoked in 1968 along with 
Fildes Peninsula following construction of Bellingshausen Station (Headland and Keage 
1985). It was recently approved as an SSSI at the October 1991 ATCM (ATCPs 1992a). 
Although many of the island's original qualities have been compromised, it still has a rich 
and diverse vegetation cover and colonies of three species of penguin and nine other 
breeding seabirds, and is a site of long-term biological research. 

Many areas remain without special protection and vulnerable to disturbance, including 
most of the marine and ice cap environments, and as-yet-undisturbed landforms and lakes. 
Under present rules they do not qualify for protection, yet some, because of proximity to 
existing stations or vulnerability to new developments, are likely to be adversely affected. 
For example, in the southern part of Fildes Peninsula there are clear sequences of raised 
beaches, solifluction lobes, patterned ground, a possible palaeo-estuarine environment, 
unusual granitic glacial erratic boulders, rich marine ecology (~specially around Half Three 
Point), undisturbed soils and freshwater lakes, and a rich cover of lichens and mosses in 
several valleys and along the southern coast Similar features can be found elsewhere, but 
in combination they create an interesting area which has not yet been subjected to the degree 
of impact suffered by other parts of Fildes Peninsula. The area is not currently designated 
as one of outstanding scientific interest nor requiring special protection, and is not yet the 
site of intensive scientific research: it should be remembered that the entire Peninsula once 
attracted SPA status (Headland and Keage 1985). Some parts, the lakes and solifluction 

1 1 1 



Improving management 

Table 6.1 SSSI on King George Island and neighbouring Nelson Island. 

Site Location 

SSSl-5 Fildes Peninsula 

SSSl-8 Western shore of 
Admiralty Bay 

SSSl-13 Potter Peninsula -
Stranger Point 

SSSl-14 Harmony Cove, 
Nelson Island 

SSSl-33 Ardley Island 

SSSl-34 Lions Rump 

Area (km2) Purpose of designation 

2 Protect fossils and sequences of Tertiary rock strata 
found in locality (two separate sites). 

14.5 Protect on-going research into seabirds and mammals 
from interference by tourists or other visitors. 

3 As for SSSI 8. 

25 As for SSSI 8. 

1.2 Protect a rich assemblage of plants and diverse 
avifauna, which have been the subject of long-term 
research. 

1.3 A site of diverse biota, representative of the 
terrestrial, limnological and littoral ecosystems of King 
George Island. 

lobes, for example, are especially vulnerable to damage from human impact; others parts 
such as the rocky ridges are relatively resilient. Yet there are now four major stations 
nearby and no publicly available, specific and consistent guide-lines for activities in this 
area. There is a need for environmental assessments to identify such areas vulnerable to 
human disturbance and develop codes of conduct, so that features such as these are 
preserved on a long-term basis. Ideally, this type of assessment should extend to the whole 
of King George Island and to all other parts of Antarctica equally in need of similar 
assessment. However, it will be necessary to target the most accessible and vulnerable 
places first, which means focusing first on areas close to stations. The ASMA Sensitive 
Area category proposed above could be applied if an ASMA was first designated to meet 
these needs (see Table 6.4, p. 121). 

Currently the ASMA is the most appropriate instrument to protect areas, features or 
species of local or regional significance. As none have yet been designated and a number 
are in preparation, a standardised approach is both necessary and timely, for recently
presented drafts for MP As indicate that a plethora of confusing terminology and sub
designations is developing. An MPA proposal for Arthur Harbour, Southwest Anvers 
Island (ATCPs 1992a: 327), contains within it designation of a site of Long Term 
Ecological Research (LTER) - terminology not recognised in the Protocol but used for 
similar sites in the US (Quetin and Ross 1992). A draft MPA for Ross Island planned 
designations of Station Zones, Scientific Zones and Restricted Zones, the latter two co
existing with ATS protected area categories within them. Rakusa-Suszczewski and 
Krzyszowska (1991) refer to a 'protected' zone close to Arctowski station. Specific 'zones' 
are not defined in the draft ASMA proposal for Admiralty Bay, but areas and sites requiring 
special management measures are identified (Walton, pers. comm., 1993). Management 
plans are in preparation for many other Antarctic sites. The LTER designation proposed for 
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Arthur Harbour could be met by the ASMA Scientific Area proposed in Table 6.4 ( or by the 
ASP A (Scientific) category proposed), and the three categories in the Ross Island draft plan 
could all be met by the range of instruments there suggested. Through judicious definition 
of boundaries, taking into account ecological factors in relation to spheres of activity, it 
should be possible to designate areas without the need for duplication or for the introduction 
of buffer zones. 

Taken together, common needs for ASMA sub-designations can be identified in all 
such areas. Being the most complex situation, King George Island is an appropriate case 
from which to develop a model that may be standardised for more general application. A 
model incorporating revisions to specially protected and managed areas, taking account of 
the needs identified above, is further elaborated in Sections 6.3 and 6.4. 

6.2.5 Minimising disturbance to wildlife 
Some of the wildlife populations on King George Island subject to frequent visits from 
scientists, support staff and tourists warrant special management consideration, especially as 
most visits occur during the breeding season. Measures to coordinate wildlife research and 
monitoring so that disturbance is minimised should form part of the regional management 
and scientific strategy (see below). Management plans need to take into account the 
behaviour patterns of different species and their sensitivity to disturbance. Sensitive Areas 
should also be applied at sites where there are vulnerable wildlife populations within 
ASMAs (Table 6.4, p. 121). 

6. 2. 6 Historic and cultural sites 
Five ATS Historic Monuments exist on King George Island (Table 6.2); there are a number 
of other sites with potential historic value not designated, and some derelict huts which are 
little more than environmental impacts. There is an apparent reluctance to dismantle and 
remove buildings, even when they are no longer in use or of historic value, justified 
variously on grounds of cost, safety and preserving options for the future. The Protocol 
states in Annex ill, Article 1.5, that abandoned work sites in the Antarctic should be cleaned 
up by the user of the· sites when no longer in use. Many nations are now investigating ways 
in which they can comply with these obligations, even prior to the Protocol coming into 
force (Shears and Hall 1992). If fully implemented, thes_e provisions may ensure that 
current workers leave no record of their era. Would our generation consider 
ourselvespoorer if Scott and Shackleton had demolished and removed all trace of their 
expeditions, on the basis that they were environmental impacts? 

The disused British station, Base G, is an interesting example of this management 
problem. Noted in Chapter 5 as an abandoned building, as the first station to be built on 
King George Island and a relic of the 1945- 60 period of British Antarctic involvement, it 
might equally be considered an historic resource. Together with the adjacent Ferraz Station 
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Table 6.2 Historic Sites and Monuments on King George Island. 

Site Location 

HM-36 Potter Cove 

HM-50 Fildes Peninsula 
HM-51 Point Thomas 

HM-52 Great Wall Station 

HM-53 Marsh Station 

Purpose and description 

Metal plaque erected by Eduard Dallmann to commemorate his 
German expedition of March 1, 187 4. Original disappeared, 
replaced with replica by Germany in 1987-88. 
Plaque commemorating the first Polish Antarctic Expedition in 1976. 
Grave of Wladzimierz Puchalski, who died January 19, 1979, whilst 
working at Arctowski Station. 
Monolith to commemorate the establishment of Great Wall Station, 
February 20, 1985. 
Plaque and bust commemorating the rescue of survivors from 
Shackleton's ship by the Chilean cutter Yelcho. A replica of the 
same monument erected on Elephant Island. 

and an interesting arrangement of whale bones into a 'skeleton', the site is popular with 
tourists. However, if left to deteriorate further, restoration and maintenance may be 
precluded. The commander of the nearby Brazilian station noted that rubbish from the 
disintegrating buildings had become a problem. Shears and Hall (1992) reported that all 
British stations and refuges abandoned are being assessed for their historic value and for the 
environmental and human hazards they may present, with a view to addressing the 
problems. In 1992, Base G had not yet received on-site assessment, and a decision on 
appropriate management responses had not been made. The site is not listed by Shears and 
Hall (1992) as a potential candidate for designation as an Antarctic Treaty Historic Site. 
However, if the part in reasonable repair were to be preserved, Base G could bring benefits 
to a wide range of visitors and would remain as the first building to be constructed on the 
island: it may be possible for BAS and the Brazilian programme to establish a cooperative 
conservation arrangement. 

Concerns have been expressed over whether measures to protect Antarctic Historic 
Sites and Monuments are adequate (Heap 1990: 3401-8). Under existing rules, none of the 
sites are required to have management plans with provisions for inspection, protection or 
routine maintenance. Dallmann's Plaque (the oldest of the sites designated as Historic 
Monuments in Antarctica - see Table 6.2) is an example of the way in which the lack of 
management measures led to failure to protect a site. Not being fixed or immovable, the 
plaque was removed (Heap 1990: 3406): had there been su,itable means to manage and 
maintain the monument, this might have been avoided. Stonehouse (pers. comm., 1993) 
reported the danger of a similar fate awaiting Historic Monument 27 ( cairn and plaque 
erected in 1909 by Charcot's expedition, on Petermann Island), a site also without 
provisions for maintenance. 

The Protocol attempted to address this weakness by allowing for Historic Sites and 
Monuments also to be designated as either ASPAs or ASMAs: in either case, mandatory 
management plans would help to protect these features, and entry could be limited by 
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permits under the terms of ASPAs (see Table 6.3 below). Historic Sites and Monuments 
not designated as ASP As or ASMAs, however, are not required to have management plans. 
These arrangements under Annex V are duplicative and potentially confusing: the result will 
be some Historic Sites and Monuments with management plans, some without; some with 
special conditions such as restrictions on entry, some without; and some sites without any 
plans for protection or maintenance. Moreover, sites of local to regional historic importance 
are effectively excluded from recognition and management under this system. 

A more straightforward approach would be to declare all historic sites of outstanding 
continental significance, as nominated and agreed by ATCPs, as ASPAs (Historic), as 
proposed in Table 6.4 (p. 121). A simple management plan for each site would provide 
details of location and any special provisions needed for protection and upkeep: if the site is 
worth designating, it is worth maintaining. In some cases, such as those monuments 
designated within the confines of station areas - e.g. Monuments 52 and 53 listed in Table 
6.2 - open permits for entry to the ASP A would be appropriate. Sites of local to regional 
historic value may be perceived in areas of intensive use that also warrant a degree of 
protection, but these may not be outstanding or unique enough to warrant designation as 
ASPA (Historic). Examples on King George Island would be a number of graves, the 
remains of sealer's refuges, and relics left by whalers and other expeditions. Similar 
examples are also found on Signy Island, and elsewhere. An approach to manage such sites 
by designating them Historic Areas within ASP As or ASMAs is proposed in Table 6.4. 

Heap (pers. comm., 1993) criticised the above suggestion, noting that providing 
'open permits' could introduce ambiguity to the mandatory permit requirement for ASPAs. 
This criticism has some merit, though the proposal made above is that all Historic Sites or 
Monuments of continental significance would require permits for access, with open entry 
permits being declared only in those cases where access is not an issue. This arrangement 
thus requires everyone visiting such historic sites to be aware of their status, whereas under 
Annex V provisions it might be ambiguous whether a particular site was of ASP A, ASMA 
or ordinary Historic Site status. Moreover, it is not considered unduly complicated for 
visitors to understand that open permits of entry are only granted for sites where unlimited 
access is not a problem. 

Nevertheless, this particular ambiguity could be avoided by adopting an alternative 
approach. Historic Sites and Monuments as provided for in Annex V could be retained, but 
with a mandatory requirement for them to have management plans. The requirement for 
entry permits could be discretionary and written into management plans where needed, 
although this introduces another ambiguity - permits for entry would not be automatically 
required for all sites. Such an arrangement would, however, remove the need to designate 
such sites as ASP As or ASMAs, making the system easier to understand. Moreover, if this 
model were adopted the ASPA (Historic) category proposed in Table 6.4 would not be 
needed, leaving just the ASPA (Natural) and ASPA (Scientific) categories. The need for 
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management zones as detailed in Table 6.4 is unchanged by these alternatives. 

6.2. 7 Tourism 

King George Island station commanders interviewed considered that larger numbers of 

tourists visiting their stations would be disruptive, though most felt current numbers were 
having little effect on their operations. Shipborne tourist numbers in the Antarctic appear to 

be growing rapidly (Enzenbacher 1992a) and air traffic in the Peninsula region is also 
increasing: the island is likely to experience greater numbers of visitors and, with the 
concentration of bases now developed and the substantial wildlife resources, seems poised 

to become a growth area. It is notable that since my interviews were conducted on King 
George Island, numbers of shipborne tourists in Antarctica have approximately doubled 

(Enzenbacher 1992a). 

To assess the effects of tourists on wildlife there is need for more detailed knowledge 
of possible impacts, for example the effects of tourists on 'personal space' requirements of 

different animal species (Culik et al. 1990), a problem currently being addressed by 
Stonehouse (1992) and others. The 'Antarctic Traveler's Code' (Naveen et al. 1989, 

Stonehouse 1990b) and attempts to address this problem by SCAR (1980a) and COMNAP 

(1990) are steps in the right direction, but it is not yet clear whether they will have the 
desired effect - some tourists still go ashore with little or no guidance from the operators 
(Colwell, pers. comm., 1992; Enzenbacher 1991, 1992a; Antarctic Century 1993). 
Practical measures, such as marking paths and using the categories of protection proposed 

in Table 6.4 (p. 121), would help to minimise tourist damage to soils, vegetation and 

breeding colonies. 

Consideration could be given to licensing tourist operators by national authorities 

based on the advice of the CEP, including national Antarctic programmes which convey 

tourists. This would be a means to exercise control over these problems, and might also 
ensure wider margins of passenger safety (Manheim 1990), but also might be too costly and 
elaborate to justify in view of the scale of activities and impacts. However, Antarctic 
tourism has been increasing, and this may be an approach to anticipate and avoid problems. 
Licences could require operators to offer education, comply with agreed staff- tourist ratios, 

and ensure compliance with all ATS provisions. Tourists should not be excluded a priori 

from ASPAs: for example, ASPAs designated for their outstanding natural or wilderness 

values would probably be of great interest to tourists. So long as tourist numbers and 
activities did not compromise the values of the area, entry could be regulated by the permits 
required under the ASPA designation. Tourist Areas should be defined where needed 
within ASPAs and ASMAs (Table 6.4, p. 121): as has been done in the case where a 

· Tourist Area has been defined within SSSl-33 on Ardley Island. The need for ASTI, which 
were never implemented in any case, is removed under these reforms. 

Tourism management and assessment will require funding, which could be met by a 
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levy on commercial operators calculated on the basis of numbers of tourists and days spent 
within the Treaty Area: timely payment could be a condition for licence renewal. 
Administration of the system could be undertaken by a management sub-committee of the 
CEP, funded by the levy and ATCP contributions. Practical problems which may arise 
from tour companies operating out of non-Treaty countries could be solved by requiring 
nationals of Antarctic Treaty states to travel only with licensed companies. Irrespective of 
whether such reforms are adopted, operations should be inspected to ensure that conditions 
are upheld, and subjected to EIA provisions in the Protocol as per other Antarctic activities. 
To support management there is need to improve and standardise methods for assessing 
tourist numbers, lengths of stay and activities: proper reporting could be one of the 
conditions for renewing tourism licences. 

6. 2. 8 Management of science 
Managing scientific impact requires up-to-date information on current, recent and impending 
projects. A register annually updating the status of scientific work maintained by the 
programmes operating in the region, such as recommended for MP As in Recommendation 
XV-11 (f), would increase awareness of projects with potential for conflict, encourage 
cooperative data collection among research groups, and help reduce research duplication. 
Information for the register should be incorporated into the scientific and management 
information system proposed below. Such a scientific register is not explicitly required in 
Annex V, but could be interpreted as one of the items called for under Article 5.3(k) 
regarding information exchange. 

The ASPA category defined under the Protocol protects sites of long-term research or 
outstanding scientific significance from human interference. These areas should continue to 
be identified and managed through the full Antarctic Treaty mechanism. However, this 
mechanism is too cumbersome for transient projects on small sites, particularly in areas of 
concentrated use: Chapter 5 noted examples of scientists seeking to protect their work on 
King George Island by designating informal 'reserves', which have no status under the 
ATS, and which may lead to confusion and inconsistencies. A flexible means of protection, 
to be applied quickly without invoking the full Antarctic Treaty mechanism, might be met by 
Scientific Areas designated within ASMA terms and requiring only annually reviewable 
plans (Table 6.4, p. 121). Field markers would be needed . for identification: those 
suggested by Fleming and Keage (1987) might be suitable, although these have not been 
tested in Antarctica. To be of practical value to field scientists, the register proposed above 
may require the definition and marking of such Scientific Areas. 

Disadvantages of concentrating many stations on King George Island have been noted 
(Headland and Keage 1985; Kriwoken and Keage 1987; ATCM Recommendations XIV-2, 
XV-17). However, scientific advantages of concentration have received little attention. The 
island's several meteorological stations offer potential for local climate studies, the many 
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ornithological research groups studying a number of colonies in the region offers 
advantages for comparing population dynamics, and the proximity of stations offers 
unmatched opportunities for studying cumulative effects of human activities. Efforts to 
improve scientific coordination in the area, such as standardising methods so as to improve 
the comparability of data, were made at the recent SCAR-supported NSF I University of 
Chile meeting on these issues (held in Santiago in May 1993) and such efforts should be 
further encouraged. 

It may be environmentally, economically and scientifically advantageous to encourage 
nations to locate close together, share logistics and strengthen science in joint facilities: 
models of this approach were noted earlier. There were, for example, few compelling 
scientific and environmental grounds to support the establishment of Ecuador's new station 
on nearby Greenwich Island when it might have been possible to work with existing 
programmes on King George Island: resources invested in establishing yet another station 
could have been used to support science itself, and the further pressure at King George 
Island would have been comparatively small. 

An internationally coordinated regional scientific strategy, aiming to build an 
environmental database to support science and management, would be of practical value to 
scientists working on King George Island. SCAR should lead development of such a 
strategy, both to minimise the possible conflicts in scientific programmes and objectives, 
and to identify more areas of logistics and science where a concentration of stations might be 
used to advantage. The Santiago meeting noted above is an encouraging sign that such 
approaches might be feasible. 

6. 2. 9 Information: a role for GIS 
The database proposed above would require quantitative information on activities and their 
effects. Information systems to handle the data should be established as a part of 
management plans, and coordinated at an Antarctic-wide level by SCAR and the ATCPs to 
ensure their compatibility. In summary, a framework of management for King George 
Island should have at its core an information collection, storage and retrieval system 
designed to marshal the data required for multinational science and management. While GIS 
offer the technical tools required for organising and handling much of the data 
multinationally, there are major political, social and organisational questions to be resolved 
if they are to be effective. These problems, the potential application of GIS, and obstacles 
to implementing such a GIS-based approach to environmental management are discussed in 
detail in Part 3 of this thesis. 

6 . 3 Reform of management instruments 
Prior to conclusion of the Protocol, a model approach to the reform of instruments for 
special area protection and management was proposed (Harris 1991b: 320). This proposal 
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was based on observations of management problems that exist on King George Island 
(reported in Chapter 5 and elaborated on above), on comparisons with other areas in 
Antarctica that face similar problems, and was designed to be compatible with approaches 
then being developed in drafts of Annex V to the Protocol (ATCPs 1990b, 1991a). Table 
6.3 illustrates the main elements of Annex V so these may be compared with the model 
proposed in Harris (1991b). A new model is proposed in Table 6.4, which was developed 
in light of weaknesses and omissions perceived in the Annex V agreed, and in the previous 
model in Harris (1991b). 

Modification of the Protocol is unlikely prior to ratification by all countries, since this 
might have the effect of casting doubts on the value of the entire instrument. Moreover, 
though the 'protocol with annexes' form was itself adopted to enable modifications to be 
incorporated relatively easily, it is not clear to what extent substantial modifications will be 
viewed favourably, even after ratification. However, while it is accepted that the majority of 
the problems perceived on King George Island could be addressed within the framework of 
the Protocol as it stands, it will be argued below that improvements to Annex V such as 
those proposed in Table 6.4 would nevertheless be desirable, and should be considered for 
incorporation in the future after ratification is complete. 

The rationalised approach under Annex V illustrated in Table 6.3 offers a number of 
advantages, not least that it is more straightforward than the existing range of management 
categories. However, King George Island's problems (and those for other parts of 
Antarctica) may defy excessively simple management approaches. It will be argued below 
that, in the long-term, the new classification under Annex V will result in a more confusing 
system than was anticipated, or in current existence. A major reason for this lies in Annex 
V, Article 5.3(f), which provides for the 'identification of zones within [ASPAs and 
ASMAs], in which activities are to be prohibited, restricted or managed .... '. 

As noted in Section 6.2.4, a range of sub-designations were emerging under fledgling 
MPA plans to meet the needs of the types of zones called for in Article 5.3(f). Each plan 
was using a different set of terms to refer to essentially common needs; needs that were 
identified on King George Island. Moreover, scientists seeking rapid means of protecting 
their research sites from mutual interference on Fildes Peninsula were observed to designate 
unilaterally their sites as 'protected', without the sanction of the Treaty or approval from 
others working in the area. As noted above, already a Tourist Are.a has been defined within 
SSSI-33. While perhaps not a major problem at present, if allowed to develop, the situation 
in the future could become very confusing. Consider, for example, the scenario when there 
are 40+ ASP As and 20+ ASMAs in Antarctica, each with their own classes of zones and 
various forms of managed or 'protected' sites. Scientists working in several of these areas 
could be confused by the range of designations that had evolved; tourists visiting a number 
of ASP As and ASMAs would be presented with a multitude of management zones; 
inspections under the Treaty would be confronted with a new set of management zones for 
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Table 6.3 Summary of Annex V instruments to manage and protect Antarctic areas. 

ANNEX V to the PROTOCOL 

Designation ANTARCTIC SPECIALLY PROTECTED AREA ANTARCTIC SPECIALLY MANAGED AREA HISTORIC SITES AND MONUMENTS 

To provide special protection to: 1) representative To provide the means for local and regional To provide official recognition to sites or areas of and outstanding examples of -the natural features planning where there is a need to manage human historic importance in Antarctica. Objectives or values, ecosystems, species and habitats of activities to minimise the risk of mutual the Antarctic environment; 2) sites because of interference or adverse or cumulative current, on-going or planned scientific work or environmental impacts. ASMAs may include because of their exceptional scientific value; 3) sites or monuments of recognised historic value. features of recognised historic value. 

Management 
mandatory mandatory not required Plan 

Entry Permit mandatory not required not required 

Sub- Historic Site or Historic Site or none designation Monument Monument 

To manage and To manage and Sub- maintain such maintain such Listed Historic Sites and Monuments shall not be des ignation sites designated sites designated damaged, removed or destroyed. Obj ec t ives under the under the 
Antarctic Treaty Antarctic Treaty 

Periodic review. Entry for scientific and other To be included Special purposes must not conflict with the objectives of on the list of List of designated Historic Sites and Monuments to be Condi t ions the designation, to be detailed fully in the ATS Historic maintained. management plan. Sites and 
Monuments. 

Equivalent SPA, SSSI, Historic Sites, 
current SRAandASTI Monuments, MPA Historic Sites, Monuments, Tombs categories Tombs and ASTI 



Table 6.4 Proposed revision to Annex V, providing standardised instruments to manage and protect Antarctic areas. 

REVISED ANNEX V to the PROTOCOL 

Designation ANTARCTIC SPECIALLY PROTECTED AREA ANTARCTIC SPECIALLY MANAGED AREA Natural Scientific Historic 

To preserve representative To protect areas of To protect places, features To provide the means for local and regional planning where there is a need to manage and outstanding examples of outstanding scientific value and artefacts of outstanding human activities to minimise the risk of mutual interference or adverse or cumulative 
Objectives the natural features and/or because of current, on-going historic importance; to environmental impacts. To manage and protect features, wildlife and historic resources of values, ecosystems, or planned scientific work or manage such sites local or regional significance, considered not to merit ASPA designation. species and habitats of the because of their exceptional designated under the Antarctic environment. value as baseline reserves. Antarctic Treaty. 

Management 
mandatory 

mandatory 
Plan 

Entry Permit mandatory 
not required 

Management 
Zones Sensitive Area Scientific Area Tourist Area Facilities Area Historic Area Sensitive Area Scientific Area Tourist Area Facilities Area Historic Area [see Annex V 

Article 5.3(fll 

To ensure those To ensure those To ensure To ensure that To ensure those To protect To protect small To provide a To contain To recognise, Specific who enter the who enter the tourists who facilities within who enter the natural areas scale, transient means of stations and protect and Objectives ASPA are aware ASPA are aware enter the ASPA an ASPA are ASPA are aware and/or species scientific managing the facilities within manage historic of the areas of the areas are aware of the restricted to of the areas of local or projects from activities of pre-defined sites of local or within that are within that are areas within designated within that are regional accidental or tourists so their areas and regional particularly sites of current which they are areas. sites of local to significance mutual impacts may be provide means significance. vulnerable to scientific to be restricted. regional historic from interference. monitored and to control their disturbance. investigation. importance. interference or contained. spread. 
cumulative 
imoacts. 

Periodic review. Entry for scientific and other purposes must not conflict with the Periodic review. Annual review. Periodic review. Annual review. Periodic review. 
Special objectives of the designation, to be detailed fully in the management plan. Lists of Permit for entry Permit for entry Permit for entry Boundaries not Marking Conditions designated ASPAs to be maintained. Maps of ASPAs to kept up-to-date. Any special maybe may be required. may be required. to be altered mandatory. zones designated under Annex V, Article 5.3(f), are to be clearly marked on site and on required. Register of sites Marking withoutATS maps. 

Marking maintained. mandatory. approval. 
mandatory. Marking 

mandatory. 
Equivalent ASPA 

ASMA ANNEX V ASPA: Historic Sites and Monuments ASMA: Historic Sites and Monuments cateaories 
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every ASMA visited; finally, nations involved in the operation of ASPAs and ASMAs in 
different parts of Antarctica might have to use one set of terms and criteria at one location, 
and another set elsewhere. If allowed to develop, this situation could present unnecessary 
difficulties for the Treaty parties and for those working in Antarctica. 

The common needs for management tools of particular types identified in Table 6.4 
suggests that this problem can be avoided. Table 6.4, based on King George Island but 
applicable to Antarctica as a whole, proposes a simple model to approach the preparation of 
ASP A and ASMA management plans that elaborates the existing framework, yet provides a 
range of functions and instruments that can be applied to all such areas in Antarctica using 
the same standardised terms. While it would be true that SCAR and the CEP (when 
formed) could, and probably would, help to ensure some standardisation of such zones, in 
effect this would represent a less direct, and thus potentially more ambiguous, approach to 
gaining the compatibility between protected and managed areas required. It is not 
anticipated that all of the management zones proposed would be needed in all cases: if 
adopted as the 'zones' referred to in Annex V, Article 5.3(f), they would be available for 
application as the need is perceived. Consistent with present Protocol provisions, ASPAs 
could be designated within ASMAs, and any management zone could contain one or more 
other zones where necessary. For example, an ASMA Tourist Area could contain an ASMA 
Historic Area; an ASMA Facilities Area could contain an ASPA (Historic). 

The desirability of designating ASP As according to their main purposes was argued in 
Harris (1991b). This is favoured not to meet site management needs (which can be 
provided for in management plans), but to increase awareness of the purposes of such 
protected areas among those not familiar with such details - the overwhelming majority of 
people with interests in the Antarctic are unlikely ever to see an ASP A management plan. 
The reasons for which an ASP A may be designated can be classed as to protect essentially 
three types of values: natural, scientific and historic (Table 6.4). These values, which are 
listed in more detail in Article 3 of Annex V, form the basis of the existing set of categories 
which, it should be remembered, were each intended to perform specific functions. It is 
argued that ASP As should be classed according to these main purposes to offer the 
advantages of: 

1 . clarifying the purposes of ASP As, which will not be obvious to the wider public if kept in the detail of management plans; 

2. clarifying the degree of representation attained by each class of values as the system of protected areas develops; 
Such an approach would perform an important educational function, making the purposes of 
special area protection more accessible to and easily understood by non-specialists with 
interests in Antarctica. The approach suggested also removes the duplicative arrangements 
for declaring, listing and managing Historic Sites and Monuments under the present Annex 
V (Table 6.3) - although the alternative of retaining the Historic Site and Monument 
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category but with mandatory management plans (described in Section 6.2.6) might also 

achieve this. 

6. 4 Reform of institutional arrangements 

The Annex V framework for management and the other elements of the Protocol could, even 

without the improvements suggested, overcome many of the problems arising from the 

concentration of activities on King George Island. However, the Protocol still lacks a 

universal and impartial mechanism of enforcement to ensure that environmental standards, 

assuming these are agreed, are consistently applied. The political sensitivities and multiple 

objectives outlined in Chapter 3 may be such that an independent and international body will 

be required to evaluate and enforce environmental measures. Alternative institutional 

arrangements to meet these needs can be envisaged. 

SCAR-sponsored scientists with appropriate skills could inspect, and reports could 

include binding directives; however, environmental policing might be considered to 

compromise SCAR's long-established neutral advisory role. COMNAP, federated to 

SCAR, is a possible alternative. Involving all ATCPs, COMNAP's representatives are 

directly responsible for practical implementation of policies, well able to take account of 

local conditions and ensure enforcement. However, representing national programmes, 

they may be constrained by the political factors mentioned above. 

The Convention on Antarctic Conservation model, proposed by the ASOC (1990), 

addresses many practical issues, but its political and legal feasibility remain doubtful 

because of its implications for sovereignty claims. Moreover, the Protocol has now been 

agreed and it would be fair to say that there is probably no interest among A TCPs in 

pursuing such a convention. However, it remains as an option to be considered in the 

future should the Protocol fail to achieve desired results. 

As it riow seems likely the Protocol will form the basis of Antarctic management for 

the foreseeable future, it is timely to consider whether it is likely to address environmental 

problems effectively. The Protocol will rely on existing mechanisms of control -

voluntary compliance and national legislation. The CEP will be advisory and have no 

powers of enforcement, although provision is made for dispute resolution. This 

administrative framework offers the potential to increase the effectiveness of Antarctic 

environmental protection, yet recognises political constraints associated with enforcement. 

However, the real problems of practical implementation and enforcement of environmental 

measures remain. A framework of binding laws that apply on a multinational basis is 

appealing in the sense that it appears to offer greater opportunity to control activities in 

Antarctica, but it is more likely to precipitate divisions among the Treaty parties, which in 

the long term may prove counter-productive. Existing mechanisms which rely on 

consensus, persuasion, education, monitoring and national legislation, while not without 

their limitations, ensure a greater degree of stability in the Treaty as a whole, at least while 
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nations continue to insist on sovereignty over parts of Antarctica. 
If an independent mechanism of enforcement is not currently feasible, then other 

methods must be developed to increase the effectiveness of Antarctic environmental 
management. While ASMAs do not incorporate enforcement, their wider use would require 
more formal, deliberate and accountable approaches to Antarctic planning. Base leaders on 
King George Island repeatedly emphasised the positive climate of cooperation that exists 
among programmes. The ASMA framework would encourage this further, and facilitate 
joint approaches to management which should be strengthened by regularly scheduled, 
formally documented meetings between station commanders and other operators working in 
the region. This would assist coordination between military and civilian operations and 
encourage more proactive approaches to planning. 

Practical measures such as marking sites on maps, charts and at prominent entry 
points on-site, ensuring that such information is readily accessible, and defining protected 
area boundaries with more regard to natural ecology and geography ( e.g. species range and 
drainage basins) would also improve protection. 

Reforms should be reinforced by a more widespread and formal process of 
inspection. Inspections perform the vital functions of ensuring a level of accountability and 
transferring information among Treaty parties, points re-emphasised in ATCPs (1992c). 
Inspection effectiveness would be increased if the political sensitivities constraining them 
can be reduced: criticisms would be less threatening if inspections were part of a regional 
management strategy. Moreover, if more inspections were made by multinational teams of 
experts, who could be invited by the A TCPs or ATCM with advice from the CEP and which 
could include members of GOSEAC (see Figure 2.2), parties may be more willing to 
respond to recommendations. Multinational membership of inspection teams would also 
reduce needless inspection duplication (noted in Chapter 5), help break down socio-cultural 
and attitudinal barriers to management, and encourage greater cooperation. Some of the 
benefits of multinational inspection were recognised at the XVIIth ATCM, as was the need 
for improvements in the standardisation of procedures when the ATCPs agreed to invite 
SCAR and COMNAP to develop a model checklist of items to be covered by inspections 
(ATCPs 1992c). The ATCM also recognised the importance of environmental inspections 
to ensuring the qualities of the Antarctic protected area system are maintained, again calling 
on SCAR to develop a checklist of the information required ( ATCPs 1992c). 

The success of the Protocol, and the management tools proposed in Table 6.4 if 
adopted, will rest on how well ATCPs develop management plans, on whether nations 
demonstrate they are able to respond to the problems perceived and on their ability to 
implement the new policies with the higher level of coordination required. Continual review 
must be made of the new approaches and they should be considered, along with the existing 
mechanisms of control of voluntary compliance and national legislation, as on trial for an 
initial period of, for example, ten years from entry into force of the Protocol. 
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While some consider existing control mechanisms have already been proved as 
ineffectual (ASOC 1990, Barnes 1991, Manheim 1992, Sabella 1992), their failures may 
have been in part because of the previous lack of appropriate instruments and institutions to 
implement policies at the local and regional levels. Potentially, this gap may be removed by 
the ASMA, and other problems may be reduced by application of the more stringent 
conditions of the Protocol. Opportunity should be given for these new instruments to prove 
their worth using existing mechanisms of control. If at the end of the trial period there is 
evidence the system has failed to prevent significant environmental problems, which might 
have been avoided had greater powers of enforcement been available, or if the regulations 
have been flagrantly disregarded, then consideration should be given to introducing a more 
potent system of management using a multinational regulatory authority with greater legal 
powers. 

6. 5 Conclusions 
This chapter has suggested possible management responses to environmental problems on 
King George Island. The most important conclusions are summarised in Table 6.5. 
Implementing these measures would result in more work for the ATS, so it is timely that 
regular A TCMs are now on an annual basis and the need for a permanent Treaty Secretariat 
to support the ATCM and the CEP has been unanimously agreed (ATCPs 1992c). 

Nations are increasingly likely to find themselves operating in relatively close 
proximity in Antarctica, a trend already evident in the Ross Sea, Larsemann Hills, 
Schirmacher Oasis and Peninsula areas. The number of signatories to the Antarctic Treaty 
has grown, research stations may increase and expand, access to the Antarctic continues to 
improve, and the most favourable locations for siting facilities are becoming increasingly 
scarce. Some regions are of interest to numerous research, commercial and tourist groups, 
whose objectives may not be mutually compatible. To cope with these demands more 
formal, coordinated, proactive and accountable approaches to planning in Antarctica are 
required, particularly at the local to regional levels where the implementation of A TS policy 
has been frequently lacking. ASMAs, with the modifications suggested, are the most 
promising management tool to meet the demands. 

The Treaty parties have demonstrated in recent official recommendations and in the 
Protocol that they recognise the need for improvements in the management of activities in 
Antarctica. They appear to recognise that, unless these improvements are implemented, 
many of the qualities for which Antarctica is valued are at risk. King George Island would 
seem an obvious testing ground where joint management approaches are required and where 
better implementation of ATS policy, with suggested improvements, might be put into 
practice. While perhaps the most difficult case, there is no guarantee that solutions 
developed in more simple situations would work when applied to a complex multinational 
situation such as found on King George Island. Moreover, while representing an 
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Table 6.5 Summary of conclusions reached on requirements for more effective 
environmental management on King George Island. 

Stations and facilities 
• plan with specific regard to the 

process of cumulative effects 
and incremental development; 

• coordinate efforts to share 
station and field facilities; 

• EIA must be followed before 
construction of new facilities 
and assessments should be 
made of existing operations; 

• define Facilities Areas in ASMAs 
and ASPAs as needed. 

Transport 
• develop more specific policies to 

control the use of land vehicles, 
sea vessels and aircraft; 

• designate 'transport corridors' 
where vehicles are used off
road; 

• prohibit vehicle use in ASMA 
Sensitive Areas and protected 
areas; 

• internationally coordinate siting 
of navigation aids and designate 
air and sea lanes; 

• improve internationally 
coordinated approach to 
remedying information 
deficiencies. 

Fuels 
• introduce tighter controls on the 

storage, transfer and use of 
fuels; 

• use tank berms, flow meters and 
alarms to contain and warn of 
leaks; 

• establish regional emergency oil 
spill clean-up facilities serving 
the area; 

• this should be funded by all 
ATCPs and commerciat 

operations working in the region; 
• train international teams of local 

station workers in methods of oil 
spill response; 

• develop oil spill contingency 
plans. 

Wastes 
• develop joint approaches to 

waste management; 
• define acceptable methods for 

cleaning up existing waste 
disposal sites; 

• improve controls on wastes 
discarded from ships remote 
from King George Island; 

• define environmental standards 
taking into account the 
combined effects of stations. 

Protected areas 
• add type-categories reflecting 

primary objectives of ASPA 
designation: Natural, Scientific 
and Historic; 

• use Management Zones called 
for in the Protocol to manage 
activities within ASPAs where 
such zones are particularly 
needed; 

• new categories of protection to 
meet needs in ASMAs: in areas 
of high use, vulnerable natural 
features of local - regional 
significance to be Sensitive 
Areas; small, transient scientific 
projects to be Scientific Areas; 

• more comprehensive 
assessment of areas with 
special conservation 
requirements; 

• establish a more representative 
system of protected areas; 

• assess effectiveness of 

protection measures; 
• define protected area 

boundaries with more regard to 
natural ecology and geography; 

• coordinate signposting of 
protected areas; 

• Article 2 of the Protocol should 
be amended to ' ... designate 
Antarctica as a natural reserve, 
devoted to peace, science and 
conservation'. 

Wildlife 
• educate visitors on appropriate 

behaviour toward wildlife; 
• coordinate scientific research 

on wildlife through a regional 
scientific strategy; 

• restrict access to territories of 
especially sensitive species in 
areas of high use (use ASMA 
Sensitive Area category). 

Historic sites 
• identify and designate Historic 

sites and monuments as ASPAs 
(Historic) under the full Antarctic 
Treaty mechanism; 

• management plans and entry 
permits mandatory for such 
areas; 

• in certain cases of such ASPAs 
(eg. monuments) management 
plans may provide for an open 
entry permit; 

• historic features of local -
regional significance to be 
designated ASPA / ASMA 
Historic Areas; 

• eliminate Annex V category of 
Historic Sites and Monuments 
that is outside the framework of 
ASPAs and ASMAs. 

(continued on p. 127) 

improvement on the current system in many respects, the Annex V to the Protocol agreed: 

• 
• 

• 

• 
• 

contains unnecessarily duplicative arrangements for historic sites; 
has reduced the categorisation so far as to obscure the purposes of protected areas in 
Antarctica to all but those familiar with the management plans; 
is considered inadequate to meet the demands of the complex management problems 
demonstrated on King George Island; 
lacks the necessary tools for practical implementation of Protocol policies in Antarctica; 
threatens to result in a more complex and confusing system in the long term . 
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Table 6.5 (continued) Summary of conclusions reached on requirements for more effective 
environmental management on King George Island. 

Tourism 
• introduce reviewable licence 

system for all operators 
conveying tourists to 
Antarctica; 

• introduce commercial tourist 
levy to fund research, 
administration and conservation 
necessary to manage the 
industry; 

• tourists should not be excluded 
from ASPAs a priori. entry 
allowed by permit provided it 
does not conflict with the 
objectives of the management 
plan; 

• specific policies to manage 
tourism should be written into 
ASPA and ASMA management 
plans; 

• Define Tourist Areas within 
ASPAs and ASMAs where 
needed; 

• educate Antarctic visitors on the 
special requirements of the 
area; 

• construct paths and introduce 
other necessary methods of 
control at sites of intensive use; 

• improve and standardise 
methods for collection of data 
on tourist numbers; 

• licence renewal subject to 
compliance with regulations, 
data reporting and payment of 
levy. 

Science 
• develop pol icy on conduct of 

scientific projects, sampling and 
access within ASPA and ASMA 

management plans; 
• require clean-up of projects by 

sponsoring authority once 
investigations are completed; 

• develop a regional scientific 
strategy coord inated through 
SCAR; 

• establish a central register to 
update annually the status of 
scientific and logistic work; 

• designate Scientific Areas within 
ASMAs; 

• SCAR should identify how the 
concentration of stations might 
be used to advantage; 

• establish coordinated 
programmes to monitor 
environmental disturbance. 

Information 
• develop internationally 

coordinated environmental data 
plans within ASMAs; 

• establish environmental 
information systems to support 
science and management within 
ASMAs; 

• both of the above should form 
part of the regional scientific 
strategy. 

Institutional reform 
• the ASMA is endorsed as the 

framework for local and regional 
planning; 

• develop ASMAs for Admiralty 
and Maxwell Bays separately, 
but coordinate the two taking 
into account activities over the 
entire region; 

• implement regular, documented, 
meetings of station 
commanders and other 
operators; 

• require more widespread 
implementation of EIA 
procedures; 

• all ATCPs likely to be affected 
should review and be able to 
comment on IEEs, which should 
also be circulated to the CEP; 

• inspections should be more 
widespread and form part of a 
regional management strategy; 

• inspections should be 
· conducted by multinational 
teams of experts, invited by the 
the ATCPs/ATCM with advice 
from the CEP, in addition to 
those on a national basis; 

• apply ASMAs much more 
extensively in Antarctica, 
eventually to include all areas 
where permanent stations are 
developed; 

• Existing mechanisms of control 
(voluntary compliance, national 
legislation) should continue 
along with the new mechanisms 
(Protocol, ASPAs, ASMAs) for 
ten years from the Protocol's 
entry into force, followed by 
review. If there is then evidence 
the system has been ineffective 
in preventing significant 
environmental problems which 
might have been avoided had 
greater powers of enforcement 
been available, then a 
multinational regulatory 
authority with the necessary 
legal powers should be 
considered. 

The model of management developed proposes a standardised approach to address these 
deficiencies, suitable for general application throughout Antarctica. It is presented as one 
possible approach to address the deficiencies identified, bu~ other possible models can be 
conceived. For example, one alternative would be to retain the Historic Sites and 
Monuments in Annex V, but to require these to have management plans; with such a reform 
the ASP A (Historic) category would not be needed. The analysis and discussion presented 
has aimed to advance toward the goal of developing a workable management model that will 
be adequate to approach the problems satisfactorily, but more work is required to reach a 
solution that will be both practically and politically acceptable. 
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Geographical information management using GIS 

7 .1 Introduction 

The major product currently being extracted from Antarctica is scientific information. 

Obtaining it requires large investments of resources in logistics and infrastructure, with their 

attendant environmental effects. Scientific information is itself needed to plan for these 

environmental consequences, as well as the effects of other activities of a commercial or 

tourist nature. Planned management of scientific information for these purposes thus has 

direct benefits for environmental management. There are also indirect environmental 

benefits to be obtained by improving the management of scientific information, such as: 

• reducing the amount of information duplication through repeated surveys by different 
researchers, countries, disciplines or over time - with concomitant reduction in the 
amount of logistic and infrastructural impacts needed to support such duplicative effort; 

• enhancing the per unit value of data gathered by facilitating the integration and/or 
exchange of spatial data across researchers, countries, disciplines or over time; 

• improving the availability and accessibility of environmental data necessary for 
environmental assessments and monitoring; 

• improving the planning of scientific activities themselves, particularly to take account of 
possible conflicts in use or environmental problems; 

• improving the efficiency of logistics and reducing the risks of disasters as well as the 
ability to anticipate and respond to problems when they occur. 

Moreover, improving the management of scientific information may simultaneously serve 

both scientific and environmental management goals whenever there is an overlap in the 

information needs of both activities. 

It was argued in Chapter 4 that geographical information management requires 

evaluation of a diverse range of factors including user needs and applications, internal 

information system parameters and external organisational issues (see Figure 4.5), all in a 

context of economic constraints. This chapter aims to apply this model approach to 

assessing the geographical information management needs in the context of King George 

Island. · Developing a Geographical Information Plan will assist in meeting environmental 

objectives by helping to organise a coordinated approach to the collection, storage, exchange 

and use of geographical information. This assessment is oriented particularly toward 
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examining the potential contribution of GIS to the management of geographical information 
in this context. Evaluation of the economic constraints is important, and this chapter will 
make a preliminary assessment of the costs of establishing a GIS database that could be 
useful for management. However, a detailed cost-benefit analysis is beyond the scope of 
this research. 

It must be emphasised that because of the holistic type of approach adopted in this 
thesis, together with language barriers and time constraints, it has not been possible to 
advance this assessment to the level of comprehensiveness and detail necessary to provide a 
definitive Geographical Information Plan for King George Island, much less a Geographical 
Information Strategy. The constraints necessitated an approach that is limited to a scoping 
of the requirements only, and a number of the issues identified in Figure 4.5 have not been 
addressed - such as the levels of accuracy required, the needs for geographical information 
for educational purposes, needs for geographical data integration and the types of data 
structures that might be suitable should a GIS approach be adopted. The primary value of 
this chapter is therefore considered to be for its demonstration of a methodology applying 
the model presented in Chapter 4 rather than for the results themselves. 

7 .2 Methods 
Assessment of user needs and priorities can provide valuable input to decisions on 
coordinated approaches to geographical information management. This type of assessment 
is usually based on personal interviews, but practical difficulties related to language and time 
were anticipated that would seriously constrain my ability to conduct such interviews at 
King George Island. Thus, only station commanders were formally interviewed here, 
although many informal discussions were held with scientists on the island. However, the 
opportunity existed for detailed interviews, in English, of the geographical information 
needs of both scientists and managers stationed at nearby Signy Island. Because Signy has 
many similar characteristics in terms of physical environment and in the types of scientific 
investigation being conducted, it is used as a model to indicate the types of geographical 
information likely to be needed also at King George Island for scientific and logistic 
purposes. However, -there are considerable differences between Signy and King George 
Islands in terms of the environmental management problems that exist. Signy Island has 
only one permanent base with a winter population of about 12, and peak summer population 
of 30: there are no airstrips or roads on the island, and travel is predominantly on foot or by 
rubber inflatable boat. The single-nation context also reduces problems of management 
related to international coordination. Thus, the assessment of geographical information 
needs for environmental management at King George Island is based on the appraisal of 
salient problems in that context specifically, and not on the interviews conducted at Signy 
Island. 
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7. 2 .1 Survey of geographical information needs at Signy Island 
Burrough (1986) noted that research communities tend to have diverse and loosely defined 
geographical information needs which vary across disciplines and over time. Thus, it was 
considered unlikely that a self-administered or closed format questionnaire would elicit the 
relevant information owing to the specialised and diverse nature of the scientific and 
management requirements on Signy Island. · Thus, a questionnaire with an open-ended 
format was formulated (Appendix Four) and used as the basis for structured discussions 
with respondents. The interviewer took notes from verbal responses to all but the last three 
questions, which respondents were asked to complete themselves. Respondents were asked 
for confirmation that the notes taken were an accurate reflection of their views. Interviews 
lasted on average for an hour. Eleven scientists and two station managers were included in 
the interviews. 

The interviews were very much two-way discussions with time being allocated to 
sections according to their relevance to the work in question, which could only be assessed 
as the interview proceeded. Questions were asked on each of the themes, beginning with 
questions of a general nature ( e.g. 'What types of geographical information are useful for 
your work?') and becoming progressively more specific as cued by responses. Replies 
sometimes required probing based on my own knowledge of the research or management 
problems under discussion (e.g. 'To what extent would maps of soil nutrient concentrations 
be useful for the study of nutrient cycling in freshwater lakes?'). This was at times 
necessary in order to suggest to the respondent tangible examples of the type of information 
being sought. There are, of course, limitations to this approach: it can be criticised on the 
grounds that the responses are to some extent influenced by interviewer bias, if only 
because this method steers the direction of the interview. However, since this aspect of the 
overall assessment of geographical information management does not aim to gain 'objective' 
answers, the approach is considered justified. Given that responses from individuals are 
subjective and depend on their own training in, and knowledge of, geographical information 
handling, such prompting is likely to elicit a more considered, and in this sense fuller and 
more objective, assessment than had the answers to general questions been accepted without 
further probing. It is-acknowledged that this form of assessment unavoidably contains the 
bias of both interviewer and respondent. 

A priority rating of the geographical information products is necessary because the 
resources for data collection are limited and decisions need to assess which information to 
collect first and how much time and money should be invested in building each database. 
Information product priorities should be assessed within each category of activity and also 
rated overall. For example, information that is of high priority in one category but not in 
others might be rated of medium or low priority overall. Information of high priority in 
many categories of activity would be rated of high priority overall. Data maintenance 
requirements also have implications for the level of resources needed to implement a 
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Geographical Information Strategy: these were assessed to indicate the level of on-going 
commitment required for the information to remain useful. 

In the survey analysis, one 'product' is defined as a single item that is unique in at 
least one way from other products, even if they are of the same theme (for example, two 
topographic maps that are of different scales are considered to be unique products; also, two 
maps of the same scale and theme but with different maintenance requirements are 
considered as unique products). This is necessary to make a clear assessment of the 
resources needed to obtain different products in relation to their priority. For example, both 
science and environmental management may require a 1: 10,000 vegetation map; science 
may desire the information updated every five years but assign this a low priority, while 
management may desire updates every 10 years but with high priority. In these 
circumstances and in view of survey costs, the decision might be made to sacrifice to some 
degree the scientific goals and update at the lower temporal frequency to obtain a product of 
primary use to management, but at the same time going some distance toward meeting the 
scientific needs. 

The aim of the final three questions in the survey was to establish the extent of 
respondent awareness of GIS and to gain an assessment of potential applications of GIS to 
fields of research being conducted on Signy Island. All of those interviewed at Signy had 
been informed to some extent of the basic principles of a GIS before they completed the 
questionnaire (in the course of discussions with the author while at the station). This 
allowed respondents to provide a more informed assessment of the potential applications of 
GIS to their work, but because most respondents reported they had little, if any, previous 
knowledge of GIS, in practice responses to these questions were very general. 

Respondents were asked what frequency of data update was necessary for the 
products identified to remain useful: maintenance requirements were based on these 
assessments and estimated taking into account the degree to which the factor to be 
represented is subject to change. For example, land topography and bathymetry are 
relatively stable over time, while ocean particulate content and sea surface temperature vary 
considerably over short time scales. Some products are repeated in the list where they are 
required in more than one category of management. Each product is given a rating of high, 
medium or low priority based on respondents answers to Question 17. 

7.2.2 Assessment of geographical information needs at King George Island 
The requirements for geographical information in the terrestrial, freshwater and marine 
sciences identified at Signy Island should indicate the types of products that are likely to be 
of use for similar forms of science conducted on King George Island. Moreover, the types 
of products identified as needed for logistics at Signy are also likely to be desirable at King 
George Island. Station commanders were interviewed on King George Island to determine 
their perceived geographical information needs, but as noted earlier these interviews were 
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not as comprehensive as those on Signy Island because of language and time constraints. 
Scientists were not interviewed on their needs. Thus, the appraisal of geographical 
information needs on King George Island is based on an assessment by the author using 
five main sources: 

1 . the detailed interviews with scientists and managers at Signy Island, indicating needs in life sciences and logistics; 
2. observations of two tourist cruise ship visits to Signy Island; 
3 . interviews with station managers on King George Island; 
4 . observations of the science being conducted on King George Island; 
5 . observation of environmental problems on King George Island for which geographical information is needed for effective management. 
The appraisal is therefore subjectively based on author interviews and field observations. A 
more comprehensive and detailed survey of user needs on King George Island would be 
desirable but was beyond the resources of the current study. 

7. 3 Developing a Geographical Information Plan on Signy Island 
The results of the survey of scientists and managers on Signy Island are summarised in 
Table 7 .1. Forty-eight different geographical information products are identified as 
requirements for different categories of life science and logistics on the island. Discussion 
of the needs for the products is included in the table under 'Comments'. Many needs 
overlap in the different categories, with more than half of the products needed for logistics 
also needed for various scientific applications. 

The table indicates that terrestrial and freshwater life science applications on Signy 
Island tend to be detailed investigations of small areas with consequent needs for 
geographical information at relatively large scales. Applications for inshore marine life 
sciences tend to require data at smaller scales, much of which could be provided by remote 
sensing. The data collection.and maintenance requirements for a number of the products are 
onerous, such as marine sedimentology and habitats, and one scientist noted that this may 
prove prohibitive in terms of cost. Data on some themes, such as bathymetry, are needed at 
several scales: GIS could be used to generate both products from the same database, 
although the diffic~lties of automatic generalisation noted in Chapter 4 suggest that this 
process would require substantial human supervision. 

The assessment of priorities in Table 7 .1 is intended as an indication only, since the 
survey was small and the respondents were not required to· make trade-offs against other 
project needs that also have costs. It is difficult to assess priorities because users may 
express a wish for the data products, but in reality may not be prepared to pay the sums 
required for their collection. However, the rating at least indicates the relative perceived 
importance of various products for particular applications. If priorities for a particular 
product can be identified in several disciplines then management might consider investing 
greater resources in its production than might otherwise be the case. 
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Table 7.1 Prototype Geographical Information Plan for Signy Island: Life Sciences and logistics assessment. 

Applications 

LIFE SCIENCES 
Terrestrial Ecology 

Freshwater Ecology 

Geographical Information 
Product (Map) 

Topography 
Landforms 
Slope 
Aspect (solar radiation) 

Geology 
Soils 
Surface hydrology 
Snow cover extent and depth 
Glacier ice extent 
Meteorology (wind, precip) 
Ground and air temperature 
Vegetation 
Terrestrial species habitats 
Marine species habitats 

Ecologically sensitive areas 

Site identification map 

Scientific site maps 

Catchment topography 
Lake bathymetry 

Lake bottom characteristics 
Lake vegetation 
Freshwater species habitats 

Lake ice/snow cover 
Catchment geology 
Catchment soils 
Catchment slope 
Slope aspect 
Catchment surface hydrology 
Catchment snow cover 
Catchment glacier ice extent 

Scale 
Required 

(Estimated 
minimum) 

1 10,000 
1 10,000 
1 10,000 
1 10,000 

1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 25,000 

1: 10,000 

1: 10,000 

1: 500 

1: 5000 
1: 500 

1 500 
1 500 
1 500 

1: 500 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 5000 
1: 5000 

1: 10,000 

Contour 
interval 

10m 
10m 

10m 
10m 
10m 
1m 

10m 

0.5m 

10m 
0.5-1m 

1m 
1m 
1m 

1cm-1m 

1m 
10m 

Data 
Maintenance 

(Minimum 
update 

frequency in 
years) 

30 
20 
20 
30 

30 
20 
10 

as required 
5 

as required 
as required 

10 
20 
10 

10 

annual 

annual 

30 
10 

10 
10 
10 

weekly 
30 
20 
20' 
30 
10 

as required 
5 

Priority 

Within 
Category 

HIGH 
MEO 
LOW 
LOW 

MEO 
HIGH 
HIGH 
MED 
MEO 
LOW 
MEO 
MEO 
MEO 
MEO 

HIGH 

HIGH 

HIGH 

HIGH 
HIGH 

HIGH 
HIGH 
MEO 

MEO 
MEO 
MED 
LOW 
LOW 
HIGH 
MEO 
MEO 

Data 
Model 

VT 
VT 
VT 
VT 

VT 
VT 
VT 
VT 
VT 
VT 
VT 
VT 
VT 
VT 

VT 

V 

V 

VT 
VT 

T 
T 
T 

T 
V 
T 

VT 
VT 
V 
T 

VT 

Avail
ability 

A 
A,PC 

A 

A 
A,PC 

A 
D,PC 
D,PC 
A,PC 

A 

A,PC 

A,PC 

A,PC 

A,PC 
A,PC 

Comments 

Essential for terrestrial research. Studies of terrestrial processes, slope stability. Energy budget calculations, net and photosynthetically active radiation, evaluation of site favourability for species growth and reproduction. 

Monitoring pedogenesis and climatic change. Remote sensing data required at 5 - 10m resolution to be useful (eg SPOT panchromatic band). Possible future application of ERS-1 imaging radar to map snow cover. lnfrared may be useful for snow, temperature and vegetation mapping, but low resolution. Aim is for a quantitative assessment of area / change in snow/ice cover, fur seal damage, etc. 

Vegetation species collection, study of colonisation, monitoring changes in distribution and composition, highlighting areas sensitive to alteration by natural or human agents. Comprehensive map not priority: major species and localities sufficient. Annual update of vegetation and terrestrial habitat information desirable in areas impacted by fur seals. 

Inventory of current and past research sites: colonisation monitoring sites, panorama points, fur seal enclosures, botanical reserves. For detailed mapping of site characteristics and sampling regimes: eg soil temperature and humidity, local climatic conditions, nutrients. Different factors have different priorities. 

Higher resolution data are required for freshwater sciences: studies require detailed information on an individual catchment basis. Bathymetric data required for lake volume calculations and sampling design. Required resolution of depth depends on complexity of bottom, but approx. 0.5-1m. 
D,A,PC I Bottom characteristics and vegetation are interrelated .. Vegetation data are D,A,PC under collection, focused on 4 lakes, in long term programme. Digital data D,A,PC on video. 

A,PC 
A,PC 
A,PC 
A,PC 

A,PC 

A,PC 

Duration and thickness of ice/snow cover affects radiation budget of lakes, influencing entire ecosystem. 
Geology and soils of catchment affect nutrient availability, slope runoff and stream and lake water chemistry. Catchment slope and aspect affect meltwater and runoff, inputs to the freshwater system. Drainage characteristics of catchment affect the freshwater system. River profiles can be generated using OEM in GIS. Permanent / seasonal snowcover area and depth information and presence of glacier ice can be used in the calculation of catchment water budgets. Water chemistry affected by source. 

KEY: V=Vector, T = Tessellated, VT =Vector and/or Tessellated, D=Available-digital, A=Available-analogue, PC=Partial Coverage. Under Availability column a blank means either not available or not known. 



Table 7.1 Prototype Geographical Information Plan for Signy Island: Life Sciences and logistics assessment. 
Freshwa ter Ecology Catchment vegetation 1: 5000 10 MED VT A,PC Input of organic compounds to freshwater ecosystem. Physical perturbation cont. Catchment wildlife species 1:5000 5 HIGH V A of system. Sources of nutrients by aerial transport, from soils, ocean or Regional characteristics 1: 10,000 10 MED VT A wildlife. 
Inshore Marine Inshore bathymetry 1: 5000 1m 20 HIGH VT Factory Cove - Borge Bay and area in 10km radius of Signy - Orwell Bight. Offshore bathymetry 1: 25,000 10m 30 MED VT A,PC Data exist from previous surveys. Improving these data requires survey with accurate depth and positional information. Launch fitted for sonar sounding and directional information but not used to build database of the area. 

Marine sedimentology 1 :10,000 30 HIGH T Bottom characteristics influence species distributions. Bottom is fairly stable (2 products) 1:25,000 apart from the effects of ice scour. Quantification of classes of sea floor may lead to better estimates of habitat and species abundance. Particle Marine species habitats 1 :10,000 10and MED T size is important. Data from previous benthic surveys not accessible and (2 products + seasonal) 1:25,000 also held in a variety of forms. Much data underused (eg. data collected on seasonal marine environment during dives). 
Ocean sediment content 1: 50,000 as required LOW T Remote sensing practical way to gather data, but current systems lack Ocean chlorophyll content 1: 100,000 as required MED T resolution for inshore marine work. Currents important for species with free-Sea surface temperature 1: 100,000 as required LOW T swimming stage in life-cycle, and influence transport of pollutants, nutrients, Ocean salinity 1: 100,000 as required LOW T sediments, sea ice. Sea ice thickness and duration affects radiation budget. Sea surface currents 1: 100,000 as required HIGH T Remote sensing using radar most practical way of gathering data needed. Sea ice distribution 1: 100,000 as required MED T A,PC Sea ice type / thickness 1: 100,000 as required LOW T 

Birds and Seals Topography 1: 10,000 10m 30 HIGH VT A In addition to products identified above, bird and seal work needs maps of Colony site maps (birds) 1: 1000 1m 5 HIGH V A,PC colonies where long-term monitoring is taking place . Distributions and Marine species habitats 1: 10,000 5 MED V A,PC numbers, by species, useful at smaller scale, showing territories. Long range tracking of animals with satellites being used in non-Signy studies. 
LOGISTICS Topography 1: 10,000 10m 30 HIGH VT A The first 10 of these products are important for general logistic planning and Slope 1: 10,000 20 LOW VT anticipation of impacts through human modification of the environment. Geology 1: 10,000 30 MED V A,PC Soils 1: 10,000 20 MED T Surface hydrology 1: 10,000 10 HIGH V A Vegetation 1: 10,000 10 MED VT A,PC Useful to monitor and anticipate effects of disturbance or pollution. Terrestrial species habitats 1: 10,000 20 MED VT Freshwater species habitats 1: 10,000 20 MED VT Marine species habitats 1: 25,000 10 MED VT A,PC Useful for boating, as would sea-ice information when required. Current Ecologically sensitive areas 1: 10,000 10 HIGH V A,PC data also useful to anticipate transport of pollutants, etc. Regional bathymetry 1: 100,000 50m 30 HIGH VT A,PC Offshore bathymetry 1: 25,000 10m 30 HIGH VT A,PC Bathymetry needed for Orwell Bight - South Orkney region in general, Sea surface currents 1: 200,000 as required LOW VT Borge Bay at larger scales. Sea ice distribution 1: 200,000 as required HIGH T A,PC Sea ice type/ thickness 1: 200,000 as required MED T Historic sites 1: 10,000 as required MED V A,PC General overview of human constructions on the island. Scientific sites 1: 10,000 annual HIGH V A,PC Constructions 1: 10,000 as required HIGH V A Specific site models useful for site development planning when combined Constructions 1: 1000 1m as required HIGH V A,PC with DEM. Utilities (eq cables, pipelines) 1:1000 1m as required HIGH V A,PC 

KEY: V=Vector, T = Tessellated, VT =Vector and/or Tessellated, D=Available-digital, A=Available-analogue, PC=Partial Coverage. Under Availability column a blank means either not available or not known. 
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Both vector and tessellated models are considered appropriate for the types of 

products identified in the survey. Generally, the vector model is considered more suitable 

for applications requiring precise mapping of boundaries or positions, such as detailed 

surveys of scientific sites or coastlines. The tessellated model is considered more 

appropriate in applications that typically deal with data with fuzzy boundaries, or that 

frequently samples data based on a regular grid, such as in marine sciences. There is 

therefore a need for GIS that are able to handle flexibly both types of data and that are able 

to analyse and integrate the information as needed. Limitations on current GIS toward 

meeting these goals means that in practice there will be a need to support GIS of both the 

vector and tessellated type, with the ability to exchange data between them. 

The assessment of data availability was not intended as comprehensive, but it is 

notable that much of the data considered important is already available for Signy Island in 

analogue form. Unfortunately, although available, much of it is not very accessible nor in a 

form that allows it to be used or updated in a flexible way. For example, scientists noted 

that data collected from marine dive reports were not readily accessible and could not be 

integrated easily with other data gathered on the marine environment. The comment was 

also made that many new scientists to the area had to spend much time re-learning aspects of 

local knowledge because earlier experts were no longer available and had not recorded the 

information in an accessible form (e.g. the best sites to find certain species). The regular 

rotation of contract scientists in Antarctica makes this a particularly important area where 

improvements in scientific productivity could be made. GIS are a tool that could be used to 

help improve this situation, but to be effective it would have to be made available at the 

station with appropriate backup and training support provided. 

The main limitations to the survey may be summarised as follows: 

1 . The survey sample size was very small; 
2. The survey contains the biases of knowledge and interests of the sample; 
3 . The year in which the survey was conducted is a further source of bias - it represents 

a 'snapshot' of perceived needs by a particular group at a particular time; 
4 . Related to the preceding point, the survey is biased towards the particular types of 

science being conducted at Signy at that time; 
5 . Most respondents had a limited knowledge of GIS. 

Recognising these llmitations, it should be noted that the survey was not intended to be 

comprehensive, nor designed to gather data for a quantitative analysis of user needs. 

However, by conducting detailed interviews with a small sample of scientists and managers 

with practical experience in the region and yet a variety of information needs, a useful 

indication of the most important product requirements in the areas of life sciences and 

logistics was gained. Moreover, this assessment provides an indication of likely needs in 

other regions where similar types of science and logistics are conducted. However, in order 

to develop a Geographical Information Plan that could steer the management of geographical 

information on Signy Island, there is a need to conduct a broader and more detailed survey 
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of the scientists and managers that will be the end-users of the products. 

7. 4 Developing a Geographical Information Plan for King George Island 
The geographical information products assessed as desirable for categories of science and 
management at King George Island are listed in Table 7 .2. A total of 44 different products 
are listed with their estimated priorities and data maintenance requirements. The interviews 
with station commanders did not reveal needs for types of geographical information that 
were unique to King George Island, but reaffirmed those needs identified as priorities at 
Signy Island. Table 7.3 reorganises this information by presenting each of the products 
according to the scales at which they are required, emphasising the greatest requirements at 
1: 10,000 and 1: 100,000. 

The science and logistics at Signy Island tend to be focused in a small area close to the 
island; in contrast, activities at King George Island are spread over a larger area and are 
focused intensively at a number of localities. The 1: 100,000 scale has a number of 
advantages for meeting geographical information needs in this context. First, a single map 
sheet at this scale can cover the entire island at an Al sheet size that is easily manageable (a 
slightly larger sheet size could also include adjacent Nelson Island). The scale would be 
useful for a broad spectrum of applications and its coverage would make it of value to all 
programmes working in the area. However, available maps of the island at this scale are not 
of high quality and the best medium-scale information is available in the Antarctic Digital 
Database, which provides an internationally coordinated, consistent and up-to-date 
framework for the entire island at a 1: 200,000 nominal source scale. 

To make optimum use of the ADD the nations working on King George Island need 
access to GIS, which was lacking at the time of this survey. Moreover, this scale is 
inadequate for many applications, particularly in areas of intensive use or investigation. 
Thus, it is suggested that nations working on King George Island develop jointly a plan to 
map the island region at a scale of 1: 100,000 as a matter of priority. Preferably this should 
be done using digital methods, so the data can be easily incorporated into an updated version 
of the ADD in due course, but in view of the lack of GIS infrastructure developed among 
the nations operating _on the island there would be a need to publish an analogue map that 
could be distributed widely 1. Existing larger scale maps could be used as the basis for this 
programme. The need for mapping at large scales (~ 1: 25,000) is primarily in areas close 
to stations where much of the activity is taking place. Data collection and maintenance 
requirements are therefore less than might first appear in Table 7 .2, also because many items 
1 It was announced in May 1993, at the meeting on scientific coordination in the South Shetland Islands held in Santiago, that the Chilean Antarctic Institute (INACH) in collaboration with the Chilean Military Geographical Institute (IGM) will be implementing these suggestions. A 3-year programme will conduct detailed topographic survey (up to 1:10,000 scale) and use GIS to build a digital environmental database, focusing first on the King George Island area as a model, and eventually to include the entire South Shetland Islands . Project coordinators are V. Villanueva and R. Jana (INACH) and J.C. Montero (IGM). 
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Table 7.2 Prototype Geographical Information Plan for King George Island. 

Data 
Geographical Information Scale Maintenance Priority Comments Applications Product (Map) Required Contour (Minimum Data Avail-

(Estimated interval update Within Model ability 
minimum) frequency in Category 

years) 
SCIENCE 
Biology I Ecology Topography (ice-free areas) 1: 10,000 10m 30 HIGH VT D,A,PC Large scale products are more necessary in Bathymetry (near shore) 1: 50,000 50m 30 HIGH VT A,PC terrestrial and freshwater life sciences. Data on 

Soils 1: 10,000 20 MED T human modification of the environment may be Surface hydrology 1: 10,000 10 HIGH V D,A,PC important for some studies. 
Marine sedimentology 1: 100,000 30 MED T 
Vegetation 1: 10,000 10 MED VT A,PC Digital products available refer to those created in Terrestrial species habitats 1: 10,000 20 MED VT the course of the current research. · The Antarctic Freshwater species habitats 1: 10,000 10 MED VT Digital Database currently not at appropriate Marine species habitats 1: 10,000 10 HIGH T A,PC resolution but may suffice in the interim. Ecologically sensitive areas 1: 10,000 10 HIGH VT 
Cultural features* 1:100,000 annual MED V D,A 
Human impact* 1:100,000 annual MED V D,A 

Meteorology Topography 1: 100,000 100m 20 HIGH VT D,A Antarctic Digital Database may be adequate. 
Atmosoheric Phvsics Reauirements not assessed 
Glaciology Topography 1: 100,000 10m 10 HIGH VT D,A,PC Scale required depends on specific application; a Surface hydrology 1: 100,000 10m 10 MED V D,A,PC selection of medium scale spatial data products Ice thickness 1: 100,000 10m 10 MED VT indicate the type of requirements, but smaller and Sub-ice topography 1: 100,000 10m 50 MED VT larger scale data also required. 

Bathymetry 1: 100,000 100m 30 HIGH VT A,PC 
Marine sedimentoloav 1: 100,000 30 MED T 

Oceanography Bathymetry 1: 100,000 100m 30 HIGH VT A Medium scale data most important. Fuzzy nature Marine sedimentology 1: 100,000 30 MED T of data and importance of remote sensing favours Sea surface temperature 1: 100,000 as required MED T use of tessellated data models. GIS for 3-D 
Ocean salinity 1: 100,000 as required MED VT oceanographic applications under development. 
Sea surface currents 1: 100,000 as required LOW VT 
Ocean sediment content 1: 100,000 as required LOW T D,A,PC Digital data available from remote sensing which 
Sea ice distribution 1: 100,000 as required HIGH T D,A,PC may be able to meet these needs. 
Sea ice tvoe / thickness 1: 100,000 as reauired LOW T 

Geology Topography (ice-free areas) 1: 10,000 10m 30 HIGH VT D,A,PC GIS useful for surficial geology applications but 3-D 
Geology 1: 10,000 10m 30 HIGH V A,PC GIS to handle data for solid earth models are under Soils 1: 10,000 20 MED T development. 
Ice thickness 1: 100,000 10m 10 MED VT 
Sub-ice topography 1: 100,000 10m 50 MED VT 
Marine sedimentoloav 1: 100,000 30 MED T 

KEY: V=Vector, T = Tessellated, VT =Vector and/or Tessellated, D=Available-digital, A=Available-analogue, PC=Partial Coverage. Under Availability a blank means either not available or not known. * = Cross-reference to Appendix Six for details of feature types included in these products. 



Table 7.2 Prototype Geographical Information Plan for King George Island. 

Geophysics Topography 1: 10,000 10m 30 HIGH VT D,A,PC As for geology. Gravity anomalies 1: 5,000 Sm as required HIGH VT D,A,PC Geology 1: 10,000 30 HIGH V A,PC Ice thickness 1: 100,000 10m 10 MEO VT Sub-ice toooaraohv 1: 100,000 10m 50 MEO VT Geomorphology Topography (ice-free areas) 1: 10,000 10m 30 HIGH VT D,A,PC As for geology. Landforms 1: 10,000 10m 20 HIGH VT A,PC Surface hydrology 1: 10,000 20 HIGH VT A,PC Slope 1: 10,000 20 HIGH VT A,PC Geology 1: 10,000 30 MEO V A,PC Soils 1: 10,000 20 HIGH T General Scientific sites map 1: 10,000 annual HIGH V Needed for planning field science, coordination and Scientific sites mao 1:100,000 annual HIGH V imoact minimisation. LOGISTICS Topography 1: 10,000 10m 30 HIGH VT D,A,PC Topography 1: 50,000 50 30 MEO VT D,A,PC Data needed at a range of scales for logistics and Topography 1: 100,000 50m 30 MEO VT A,PC contingency planning, coordination and impact Topography 1: 200,000 100m 20 HIGH VT D,A minimisation. Slope 1: 10,000 20 LOW V Geology 1: 10,000 30 MEO T A,PC Soils 1: 10,000 20 MEO V Surface hydrology 1: 10,000 10 HIGH VT D,A,PC Vegetation 1: 10,000 10 MEO VT D,A,PC Terrestrial species habitats 1: 10,000 20 LOW VT A,PC Freshwater species habitats 1: 10,000 10 MEO T Marine species habitats 1: 10,000 10 HIGH VT Ecologically sensitive areas 1: 100,000 10 HIGH VT Bathymetry 1: 10,000 10m 30 HIGH VT A,PC Bathymetry 1: 50,000 50m 30 HIGH VT A,PC Bathymetry 1: 100,000 100m 30 HIGH VT A,PC Sea surface currents 1: 100,000 as required LOW T Sea ice distribution 1: 100,000 as required HIGH T A,PC Sea ice Jype / thickness 1: 100,000 as required MEO V Cultural features * 1: 10,000 annual HIGH V D,A,PC Cultural features * 1: 100,000 annual HIGH V D,A,PC Utilities lea cables, oioelinesl 1: 5,000 annual HIGH V A,PC 

KEY: V=Vector, T = Tessellated, VT =Vector and/or Tessellated, D=Available-digital, A=Available-analogue, PC=Partial Coverage. Under Availability a blank means either not available or not known. • = Cross-reference to Appendix Six for details of feature types included in these products. 



Table 7.2 Prototype Geographical Information Plan for King George Island. 
TOURISM Topography 1: 200,000 100m 20 HIGH VT D,A Data needed for tour planning by management and 

Bathymetry 1: 10,000 10m 30 HIGH VT A,PC by tourists for educational purposes. Bathymetric 
Bathymetry 1: 50,000 50m 30 HIGH VT A,PC information very important for ship safety and in 
Bathymetry 1: 100,000 100m 30 HIGH VT A,PC view of dominant arrivals of tourists on cruise ships. 
Surface hydrology 1: 200,000 10 MED V D,A Information needed to indicate rest ricted or 
Marine species habitats 1: 200,000 10 HIGH VT sensitive areas. Some of these data are available 
Ecologically sensitive areas 1: 200,000 10 HIGH VT in the Antarctic Digital Database. 
Cultural features • 1: 200,000 5 HIGH V D,A 

HISTORIC Historic sites location map 1: 100,000 as required HIGH V A,PC Data needed for conservation planning. 
RESOURCES Historic site maps 1: 1000 as required MED V ENVIRONMENTAL Topography 1: 10,000 10m 30 HIGH VT D,A,PC Data needed from a wide range of scientific and 
MANAGEMENT Topography 1: 100,000 50m 10 HIGH VT D,A,PC management sources to provide the · basis for an 

Slope 1: 10,000 10 LOW VT integrated approach to environmental planning. 
Geology 1: 10,000 30 MED V A,PC Much of the data required also serves needs in 
Soils 1: 10,000 20 MED T other categories . Human impact data particularly 
Surface hydrology 1:10,000 10 HIGH V D,A,PC important, which also has application for certain 
Bathymetry 1: 50,000 50m 30 HIGH VT A,PC types of science (e.g. pollution monitoring) . 
Bathymetry 1: 100,000 100m 30 HIGH VT A,PC Marine sedimentology 1: 100,000 30 MED T Sea surface currents 1: 100,000 as required LOW VT Ocean sediment content 1: 100,000 as required LOW T Sea ice distribution 1: 100,000 as required MED T Sea ice type / thickness 1: 100,000 as required LOW T A,PC Vegetation 1: 10,000 10 HIGH VT Terrestrial species habitats 1: 10,000 20 MED VT Freshwater species habitats 1: 10,000 20 MED VT A,PC Marine species habitats 1: 10,000 10 HIGH T Ecologically sensitive areas 1: 10,000 10 HIGH VT Ecologically sensitive areas 1:100,000 10 HIGH VT Cultural features • 1 :10,000 annual HIGH VT D,A,PC Human impacts • 1:10,000 annual HIGH VT D,A,PC Cultural features * 1:100,000 annual HIGH VT D,A,PC Human impacts • 1:100,000 annual HIGH VT D,A,PC 

KEY: V=Vector, T = Tessellated , VT =Vector and/or Tessellated, D=Available--digital, A=Available-analogue, PC=Partial Coverage. Under Availability a blank means either not available or not known. 
• = Cross-reference to Appendix Six for details of feature types included in these products. 
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Table 7.3 Prototype King George Island Geographic Information Plan: information products 
by scale. 

Geographical Scale 
Information Product 1: 1000 1: 5000 1 :10,000 1 :50,000 1:100,000 1:200,000 

Historic site maps • 
Gravity anomalies • 
Utilities (cable, pipeline, station plan) • 
Soils • 
Vegetation • 
Slope • 
Landforms • 
Geology • 
Terrestrial species habitats • 
Freshwater species habitats • 
Bathymetry • • • 
Topography • • • • Surface hydrology • • • Ecologically sensitive areas • • • Marine species habitats • • • Scientific sites map • • • Cultural features • • • Human impacts • • 
Historic sites location map • 
Sea surface temperature • 
Sea surface currents • 
Sea ice distribution • 
Sea ice type I thickness • 
Ocean salinity • 
Ocean sediment content • 
Marine sedimentology • 
Ice thickness • 
Sub-ice topography . 
Totals 1 2 1 5 2 18 6 Total Products: 44 

of high priority (e.g. topography and bathymetry) have relatively low update requirements. 
As at Signy Island, both vector and tessellated models are likely to prove essential, 
especially since the ADD is in vector form and satellite remote sensing continues to generate 
large quantities of tessellated data. GIS developed in this context would need to be able to 
handle and exchange data in both forms to be most effective. 

The prototype Geographical Information Plan offered is no more than a starting point 
for detailing a comprehensive plan in the future, which is , considered desirable for a 
coordinated approach to the future management of King George Island. However, the 
tables do indicate some of the most important requirements if an internationally coordinated 
plan of information and environmental management is to be drawn up for the region. 
Current programmes of geographical mapping in the area seem to lack international 
coordination which, according to one commander, was in part the result of differences in 
approaches and priorities between military and civilian operations. Developing the means to 
bridge this gap should therefore be a priority when developing coordinated solutions to this 
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problem. 

7. 5 A Geographical Information Strategy for King George Island 
As indicated in Figure 4.5, building a Geographical Information Plan, based on users' 

application needs and the associated internal information system issues, is just one 

component in the development of a coordinated Geographical Information Strategy for King 
George Island. External organisational issues will strongly influence the effectiveness of 
any strategy developed to implement that plan. Moreover, a preliminary evaluation of the 

costs of establishing a database to meet the priorities identified will be undertaken to indicate 
the feasibility of developing such a strategy, particularly using GIS. These issues are now 

considered in the context of the need for multinationally coordinated approaches to 
geographical information management on King George Island. 

7. 6 Geographical information coordination 
In a complex multinational situation such as King George Island, a coordinated approach to 
the management of geographical information should preferably be developed with 
participation by all of the nations working in the area. A small coordinating sub-committee 
should be established as part of a broader initiative to coordinate approaches to management 

in the King George Island region. The sub-committee's mandate should be to develop a 

coordinated Geographical Information Plan to meet scientific, logistic and environmental 

management needs and to define a practical Geographical Information Strategy to implement 
this plan. The SCAR WG-GGI would seem the obvious choice to lead this sub-committee, 

but in view of the practical and economic constraints on implementing a ·Geographical 
Information Strategy this should be undertaken in close collaboration with COMNAP. 

7. 6.1 Current availability 

A survey of geographical information products potentially available for King George Island 
at scales of 1: 200,000 or larger is presented in Table 7.4. This survey has been compiled 

from information contained in SCAR ( 1988), IHO ( 1992), a review of the SCAR repository 
of maps held at the British Antarctic Survey (this is supposed to hold copies of all Antarctic 
maps produced by SCAR nations according to exchange agreements, but many of the 
products listed had not been received), from interviews with scientists and managers on 

King George Island, and by writing to scientists and managers of the national Antarctic 
programmes responsible for creating the products. A number of maps referred to in the 

interviews with scientists have proven impossible to locate and were therefore not included 
in Table 7.4. Moreover, several of those listed were also unable to be obtained, 

emphasising points made earlier regarding geographical information accessibility. It was 
noticeable that many scientists interviewed on King George Island were unable to gain 
access to many of these products or the best product to serve their needs, even where these 
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Table 7.4 Catalogue of published maps of King George Island at scales ~1: 200,000. 

PUB. 
TITLE SERIES THEME PUBLISHER DATE SCALE PROJECTION SPHEROID Cl COMMENTS 

Fildes Peninsula Topociraphy Brazil, 1987 1:15,000 UTM ? 10m Preliminary edition. 

Fildes Peninsula Topociraphy China 1991 1: 10 OOO TM WGS72 10m Best available map of peninsula. Compiled 1986 from air photos. 
Fildes Peninsula Geology China ? 1: 20,000 TM WGS72 10m 

Fildes Bay AHCA,2nd ed Bathymetrv Chile, IHA 1988 1: 30,000 M ? - Primarilv for shiooing. 
Fildes Peninsula APC Misc85 Place names UK, FCO 1978 1: 25,000 ? ? 

Fildes Peninsula ? Topoaraphy ? ? 1: 15,000 ? ? 10m Similar to Brazil's, in Enalish, updated - publisher not determined. 
Fildes Peninsula - Sketch Unpubl., BAS 1976 1: 15,000 ? ? - Sketch map prepared by J. Smellie, BAS. 
Fildes Peninsula - Species Peter et.al. 1988 see> ? ? - 13 sketch maps of approx 1 :40,000 to 1:175,000 showing marine 

species distributions in Peter et.al. (1988). 
Nelson Strait AHCA,2nd ed Bathymetry Chile, IHA 1988 1: 40,000 M ? SM 

ArdlevCove AHCA,2nd ed Bathvmetrv Chile, IHA 1988 1: 10,000 M ? 30m 

ArdleyGove Admiralty Chi Bathymetrv UK Admiralty 1990 1: 30,000 TM ? SF Based on 1976, 1982, 1987 surveys. 
Ardley Bay Bathymetrv Uruauay 1988 1: 2500 ? ? ? 

Ardlev Cove Bathvmetrv USSR 1968 1: 5000 ? ? ? 

ArdleY Cove Bathvmetrv USSR 1968 1: 2500 ? ? ? 
Bellinashausen Topoqraphy USSR 1972 1: 3000 GRT ? ? Map of Bellinqshausen Station - not available at base. 

Great Wall Station Station plan China ? 1: 2500 ? ? ? 

Marsh Station Station olan Unoubl.,Chile 1988 1: 2000 ? ? 10m Sketch maP, scale approx, sinale coPv held at Marsh Station. 
Barton Peninsula Toooaraohv S. Korea ? 1: 2000 ? ? 2m 

Barton Peninsula Toooaraohv S. Korea ? 1: 5000 ? ? 5m 

Marian Cove AHCA,2nd ed Bathymetrv Chile, IHA 1988 1: 10,000 M ? 30m 

Potter Cove AHCA,2nd ed Bathymetrv Chile, IHA 1988 1: 10,000 M ? 30m 

Potter Cove Bathymetry Argentina 1976 1: 5000 ? ? ? 

Potter Cove Bathymetrv Argentina 1980 1: 2500 ? ? ? 

KEY: Cl=Contour interval, AHCA=Atlas Hidrografico Chileno Antartico, IHA=lnstituto Hidrografico de la Armada de Chile, APC=Antarctic Place Names Committee, FCO=Foreign and Commonwealth Office, DOS=Directorate of Overseas Surveys, BAS=British Antarctic Survey, IOE=lnstitute of Ecology, Polish Academy of Sciences, DMA=Defense Mapping Agency, M=Mercator, TM=Transverse Mercator, G=Gnomonic, GRT=Gauss Rectangular Transverse Cylindrical, LCO=Lamberts Conic Orthomorphic, Int.=International, Krass.=Krassowski, SM=Soundings in metres, SF=Soundings in fathoms, '?' means either not available or not known. 



Table 7.4 Catalogue of published maps of King George Island at scales ~1: 200,000. 

Potter Cove Bathymetrv UK 1969 1: 12,500 ? ? ? 
Visca Cove AHCA,2nd ed Bathymetrv Chile, IHA 1988 1: 20,000 M ? 30m 

Marian/Potter Cove Admiralty Chi Bathymetrv UK Admiralty 1990 1: 25,000 G ? SF Based on 1969, 1980, 1982, 1984 survevs. 
Visca AnchoraQe Admiralty Chi Bathymetrv UK Admiralty 1990 1: 25,000 G ? SF Based on 1951-62, 1984 surveys. 

Ferraz Station Brazil 1984 1: 2500 ? ? ? 
Plaza Point Brazil 1985 1: 2500 ? ? ? 

22 Februarv Bay Brazil 1988 1: 50,000 ? ? ? 
Arctowski area Brazil 1989 1: 50,000 ? ? ? 
Ezcurra Inlet Brazil 1989 1: 20,000 ? ? ? 

Mesa Bav Brazil 1989 1: 50,000 ? ? ? 
Martel Inlet Bathymetrv Brazil 1984 1: 10,000 ? ? ? 

Admiralty Bay Bathymetrv Brazil 1984 1: 40,000 ? ? ? 
Admiralty Bay AHCA,2nd ed Bathymetry Chile, IHA 1988 1: 40,000 M ? 100m 
Admiraltv Bav APC Misc67 Place names UK, FCO 1978 ? M ? - Sketch map for Place names. 

Admiralty/ King Admiralty Chi Bathymetry UK Admiralty 1990 1: 100,000 M ? SF Based on 1935-59, 1984 surveys. Georae Bavs 

Admiralty / King N029102 Topography USA, DMA 1965 1: 50,000 ? ? ? Georae Bavs 

Admiraltv Bav Topo/Bath Poland, IOE 1990 1: 50,000 TM Krass. 25m Best available map of Admiralty Bay. 
Lion's Rump Topo/Bath Poland, IOE 1988 1: 5000 ? ? 5m Best available map of Lion's Rump. Includes soecies and habitat. 

Kina Georae Island APC Misc64 Place names UK, FCO 1986 1: 100,000 ? ? 100m Sketch maps for place names. 
Kina GeorQe Island W62-56-58 TopoQraphy UK, DOS 1968 1: 200,000 LCO lnt. 100m 
KinQ George Island Admiraltv Chi Bathvmetrv UK Admiraltv 1991 1: 200,000 M ? SF Based on 1955-58, 1990 surveys. 
25 de Mavo Island Bathymetrv Araentina 1957 1: 200,000 ? ? ? 
King George Island N029101-5 Topography USA, DMA 1986 1: 200,000 M ? ? 

KEY: CI=Contour interval, AHCA=Atlas Hidrografico Chileno Antartico, IHA=Instituto Hidrografico de la Armada de Chile, APC=Antarctic Place Names Committee, FCO=Foreign and Commonwealth Office, DOS=Directorate of Overseas Surveys, BAS=British Antarctic Survey, IOE=Institute of Ecology, Polish Academy of Sciences, DMA=Defense Mapping Agency, M=Mercator, TM=Transverse Mercator, G=Gnomonic, GRT=Gauss Rectangular Transverse Cylindrical, LCO=Lamberts Conic Orthomorphic, Int.=Intemational, Krass.=Krassowski, SM=Soundings in metres, SF=Soundings in fathoms, '?' means either not available or not known. 
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were produced by their own country. A high level of duplication is also evident in Table 
7.4, which is unfortunately not simply a result of the same map being duplicated with names 
in translation. Almost all of the maps did not specify which figure of the Earth (spheroid) 
they were referred to, and many had no specification of their projection. Although, these 
properties could probably be determined in most cases, this increases the difficulty of 
converting the products to digital form or integrating them using GIS. 

7. 6. 2 Collection 

It is clear from the above review of geographical information availability that a number of 
the products identified as desirable for science, logistics and environmental management on 
King George Island are not readily accessible and many are not available. The high costs of 
data collection suggest an internationally coordinated approach to reducing these deficiencies 
is needed that would benefit all programmes operating in the region. As suggested above, 
mapping at a scale of 1: 100,000 would meet a wide variety of needs. International 
agreement must be reached to specify a common geographical framework for data collection 
that is based on, or can easily be related to, the WGS84 spheroid. Agreement should then 
be reached on the details of data collection required as defined by the Geographical 
Information Plan, including standards for data quality and formats. When considering 
mapping at larger scales, priority should be given to areas of most intensive use, namely 
Fildes Peninsula, Maxwell Bay and Admiralty Bay. 

A digital approach to this programme using GIS is advocated in view of the following 
advantages: 

1 . Data are increasingly being collected in digital form, particularly using GPS and other satellite instruments; 

2. The Antarctic Digital Database will offer the first seamless and most up-to-date coverage of Antarctica at scales of 1: 250,000 and smaller: GIS will be essential to take maximum advantage of this product; 

3. Geographical data collected may serve the needs of a wide spectrum of users -internationally, across disciplines, and for management. The need for integration and transfer of data across these users is increasing, and GIS offer the technology to undertake this most efficiently; 

4. GIS are able to store time-series data which can be easily integrated to identify changes; 
5 . GIS allow raw data to be combined and transformed to produce new data products from the original data (e.g. slope and aspect maps from elevation matrices), thus making data collected potentially more valuable; 

6. GIS allow a flexible approach to the production of customised data products; 
7 . Database maintenance is easier using GIS since only areas exhibiting change need be updated (e.g. new constructions, designation of new protected areas). This encourages the availability of more up-to-date geographical databases. 
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The GIS adopted should not necessarily be state of the art, but they should be adequate to 
meet the identified needs and be workable enough to provide output in a timely and efficient 
manner. In terms of hardware and software, the nature of the GIS adopted in any given 
programme or research group will depend on the resources available. However, it should 
be remembered that some of the most substantial costs will be in data collection and entry 
into the system, as well as maintenance: the commitment must therefore be sustained if GIS 
is to remain viable for the region. It should never be simply assumed that once hardware 
and software are purchased that the approach to handling geographical information using 
GIS will be a success. 

7. 6. 3 Storage 

Geographical information on King George Island is currently stored in a wide variety of 
systems ranging from the paper map to photographs and computer tape, the latter being 
predominantly remotely sensed information. Apart from that obtained by remote sensing 
very little of the information is in digital form. Maps are stored in many different locations 
and they are often not readily accessible - published maps on the region were frequently 
not available even to the members of the bases of the nations responsible for their 
production. Some of the geographical information that is published is distributed through a 
wide spectrum of books, reports and journals. While this information is in theory available, 
in practice it is often difficult to locate and obtain which reduces its value. The constraints 
imposed by the form in which the majority of data are currently held also restrict the types of 
geographical analysis possible. When spatial information is distributed in a variety of 
incompatible information systems it is difficult to integrate databases, which could, for 
example, be useful for investigating associations between phenomena or for monitoring, 
modelling and predicting changes in the environment over time. 

Storage of geographical data in digital form offers a number of advantages, but it also 
poses some problems. Some of the advantages are: 

1. information is available for more rapid integration with other digital datasets for uses 
not anticipated when the data were first collected; 

2. data can be more easily transformed in light of refinements in the specification of the 
spheroid (e.g. conversion from WGS72 TO WGS84); 

3. reduced physical bulk of information storage. 

However, the value of data in digital form can be severely compromised if the database 
documentation is inadequate, if the data become corrupted, or if the form in which data are 
held becomes unreadable through technological change (e.g. discontinuation of a disk drive 
product) (Hunter 1992). Storage of data in digital form requires explicit decisions to be 
made about its backup, quality, format and compatibility with other databases. Some of 
these considerations do not apply when gathering and storing geographical data in analogue 
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form. For these reasons the need for a planned and coordinated approach to geographical 
data management is even more important when using digital systems. 

To be useful to people working on the island it is desirable that geographical 
information products are stored in a form that is readily accessible. Given the absence of 
GIS from any of the stations visited on King George Island, digital geographical 
information products will be of little value to people in the field unless considerable 
investments are made in equipment and training by the nations concerned - which is 
unlikely. Thus, for the foreseeable future, paper maps will continue to be the primary 

means of storing geographical information collected in the field. Therefore, to be effective, 

any efforts at coordination that use the advantages offered by GIS need also to consider 

methods for ensuring that the standardised products developed are made readily accessible 
to the user in the field. One way of approaching this problem would be for the countries 
concerned to invest jointly in establishing an international geographical information data 
centre on the island with responsibility for coordinating the collection, storage, maintenance, 

transfer and dissemination of geographical information to scientists and managers working 
in the region. The data centre could use GIS to store the standardised databases and allow 

the production of customised paper maps of the region as required. Such a system would 

address the current problems that arise because the maps required are not stored on the 
island and are therefore unavailable to the people that need them in the field. Such a centre 
could be established near Marsh Station for practical reasons such as user access and 

hardware maintenance. 

7. 6.4 Maintenance 

Table 7.3 identifies eight themes of priority at more than one scale. From the point of view 

of using GIS to handle this information two points are worth noting. First, where two 

products on the same theme are required, the second product at the smaller scale is simply a 
generalised version of the first and it can thus be generated from the same database with less 
effort using a GIS . This suggests the workload requirements for establishing and 
maintaining the geographical databases are less than might first appear. Secondly, the 
products considered- to be of highest priority have relatively low data maintenance 

requirements, although three themes - scientific site maps, cultural features and human 
impacts - would be in need of annual review. 

Storage of geographical information in digital form also improves the ability to 
maintain and update the database. As changes occur on the ground, only those parts of the 
database affected by the changes need be updated, and all future information products 
derived from the system will have those changes incorporated. When geographical 
information is distributed widely in a variety of forms, inconsistencies will inevitably arise 

in the maintenance and update of that information. Thus, the data centre suggested above 
could help to address these problems by maintaining a regional database and ensuring it is 
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regularly distributed in updated form. This would enable more efficient transfer of 
information to countries not permanently working on King George Island and also to bodies 
such as SCAR and the CEP which would have recurring needs for up-to-date geographical 
data from the region. 

7. 6. 5 Transfer 

The advantages of GIS for integrating information from a variety of sources have been 
noted. To exploit this potential fully there is a need for efficient means of data transfer, with 
agreed formats, protocols and appropriate documentation. The coordinating sub-committee, 
advocated at the start of Section 7 .6, should therefore as a matter of priority seek 
international agreement on such standards in coordination with SCAR and COMNAP. 

7. 7 Geographical information access 
Practical access to geographical information is one of the significant problems in the 
multinational and multidisciplinary context of King George Island, as much as its theoretical 
availability. To improve access a variety of organisational issues need to be considered. 
The following discussion attempts to reveal the range of problems that are of significance in 
this context and some possible approaches to assist their resolution. 

7. 7.1 Directories 

With the increasing number of databases being created as well as the growth of distributed 
approaches to their establishment (see below), there is an increasing need for directories that 
allow users to locate relevant datasets efficiently. SCAR has recognised the importance of 
this task in its proposal for the establishment of an Antarctic Data Management System 
(ADMS), for which the creation of directories is viewed as a key element (SCAR/COMNAP 
1992b). Italy is already establishing a comprehensive directory for all of its Antarctic data 
holdings (Information Paper 28: ATCPs 1991b), as is New Zealand at ICAIR (Smith 
1993). SCAR/COMNAP (1992b) proposed a three level approach to establishing Antarctic 
data directories, based upon the Directory Interchange Format (DIF) of the International 
Directory Network (IDN): 

I. National Centres: coordinate national directory and contribute Antarctic DIF (ADIF) records to the Antarctic Master Directory (AMD); 

2. Group Nodes: share resources for groups of countries, programmes or disciplines; 

3. AMD Nodes: would form part of the IDN, use IDN software to maintain and update ADIF records from National Centres and provide them and users of the AMD with support. 

This model assumes that at an international level all parties will have, or will be able to 
develop, mutually compatible computer-based data centres and facilities, linked into a global 
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network. In practice, there is wide variability in the capabilities of countries involved in Antarctic operations to meet the needs of this model, particularly in the handling of digital geographical information. 
Most countries and individuals working in Antarctica have little experience of GIS, and are collecting much geographical information in analogue form, or in a variety of digital databases that may not be compatible. While the AMD proposed will be valuable to point to what data have been collected and where these are held, this in itself does not address access and compatibility problems: once data have been identified, they then have to be obtained, vetted for quality, transformed into compatible format and integrated to be more widely useful. Defining a common set of data standards, as has been suggested by these groups, will be helpful, but given the wide range of nationalities and national standards involved, this may prove difficult to implement: 'even where a protocol is agreed, enforcing it is another matter' (Pellew and Harrison 1988). 

The model advanced by SCAR/COMNAP (1992b) also does not directly address the environmental information storage and management needs of the CEP - or those of the Treaty Secretariat, agreement on which had not been reached when the proposal was developed. Much of the environmental information with a spatial component to be exchanged under the Protocol will be received by the CEP in analogue form, provided by a range of countries and over time. If these data are to be used most effectively for analysis of environmental change through their integration both by the CEP and by scientists, then they will need to be converted to a common digital format using GIS. The need for facilities and personnel to store and manage the analogue data, let alone convert them to digital form as required, to meet the needs of the CEP has not received full attention in the proposals on data management advanced so far (SCAR/COMNAP 1992a, 1992b; ATCPs 1992b, 1992c) - though the Meeting of Experts ( A TCPs 1992b) noted the importance of considering how to make environmental monitoring data available to the CEP. A degree of centralised data management will be required to meet these needs and to assure compatibility and consistency in data quality and formats. The SCAR/COMNAP (1992b) model might address these needs by developing the environmental monitoring database system, as called for in ATCPs (1992b); as a Group Node on the proposed Antarctic Directory System. However, centralising all environmental monitoring data at one Group Node as proposed seems to offer few advantages: as noted by the Meeting of Experts, environmental 'monitoring at a local scale is most relevant to national operators' environmental decisionmaking ' (ATCPs 1992b: Para. 59). Making environmental data available at the local and regional level is therefore of most importance, and directories can be used to make these data accessible at a wider level. 
The international geographical information data centre for King George Island suggested earlier could assume the role of a Group Node, and coordinate information needed in the region for environmental assessment and monitoring. Participation in this 
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Group Node would not preclude nations from establishing their own National Centres, 
since it would not be directly concerned with data from other regions where the nations 
concerned are operating. This would allow ADIF records to be fed into the AMD from the 
King George Island Group Node, so the databases held would be traceable by the entire 
Antarctic research and management community. 

7. 7. 2 Centralised versus distributed database approaches 
The technology now exists to support distributed databases, avoiding the need to 
concentrate all data in one central location (Goodchild 1991). As noted in Chapter 4, the 
SCAR WG-GGI is committed to such a distributed approach. SCAR/COMNAP (1992b) 
noted that a degree of centralisation is necessary at least for the directory system that would 
be needed to ensure data is traceable through the distributed database network. This 
requires clear definition of both the internal information system issues and the external 
organisational issues, as illustrated in Figure 4.5, to ensure that distributed databases are 
maintained to consistent standards, are traceable and are able to be integrated efficiently. 

In the case of King George Island, it has been argued above that there is a need to go 
further than providing a centralised directory to geographical and other databases. Some 
degree of centralisation of the information itself in a GIS facility established on the island, 
together with an internationally coordinated approach to geographical data management, 
would go a long way toward resolving many of the problems associated with the 
inconsistency and inaccessibility of geographical data needed for science, logistics and 
environmental management in the region. 

7. 7. 3 Confidentiality 

In spite of the objectives of the Antarctic Treaty quoted at the beginning of Chapter 4, people 
may wish to keep their data confidential for a variety of reasons and this cannot be ignored 
as a possible impediment to the objective of improving data accessibility. Since the desire 
for confidentiality is often not entirely unreasonable (e.g. careers or reputations may be 
affected by unrestricted use), flexible policies must be developed that allow for data holders 
to maintain confidentiality if desired, but which nevertheless allow for the existence of the 
data to be traced in the directory and made accessible when restrictions are lifted. 

7. 7.4 Raw versus processed data 
The form in which data stored in a GIS are made available can have important influences on 
how the data can be subsequently used. In general, it is preferable to maintain as much of 
the data as possible in their raw or unprocessed state, but because of limitations in storage 
capacities this is sometimes not practical. Moreover, data might be submitted which have 
already undergone some processing. When the data held in a GIS have been derived from 
some other form, it is important that the nature of this processing is documented. Access 
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restrictions may influence the degree to which data are distributed in their raw or processed 
state. 

7. 8 Costs of GIS for environmental management on King George Island 
The cost of establishing a GIS that included all of the types of data identified in Tables 7 .1 -
7 .3 as desirable would be very large indeed. Much of the data identified are not available 
and their collection would be expensive. Thus, the aim of this section is to indicate the costs 
of adopting a GIS-based approach to the collection, storage, and maintenance of those data 
considered most essential to environmental management in the study region. This is 
undertaken by presenting two scenarios illustrating two distinct types of approach to 
establishing a working GIS for the region. 

The first scenario is based on the costs of creating a simple, but operational, GIS and 
database used for the practical description and analysis of actual environmental problems on 
King George Island, such as undertaken for the current research. The second scenario 
presents information on the costs of establishing an operational GIS centre, or facility, 
dedicated to the task of building large environmental databases to support environmental 
management, science and logistics in the Antarctic. The International Centre for Antarctic 
Information and Research (ICAIR), Christchurch, New Zealand, was selected as a model to 
indicate these costs because it is, to the author's knowledge, the first (and only) centre in the 
world that has been set up specifically with the aim of using GIS for these purposes. 

7. 8.1 A simple GIS to meet management needs on King George Island 
Table 7.2 identified a number of geographical information products as o{high priority for 
the purposes of environmental management on King George Island. Table 7.5 summarises 
those of highest priority, and also shows those that were digitised using PC Arc/Info for the 
purposes of the environmental management applications in this thesis. As such, Table 7 .5 
can be seen as a model database to meet management needs which could be established 
using GIS. Determining the GIS-related costs of these products is not as straightforward as 
may first appear, since much of the data listed were originally collected for a variety 
purposes other than for environmental management (e.g. topographic data). Thus, the costs 
of much primary data collection would have been incurred in any case to serve other needs, 
so here an estimate is made solely of the costs of convertipg these data to digital form. 
Goodchild (1991: 46) pointed out that the cost of digitising map data can range from about 
$US1 (- UK£0.70p) through to $US40 (-UK£27) per polygon. This wide range depends 
on such factors as polygon complexity and size, quantity of associated attribute data, 
operator skill, and the hardware/software environment used. The costs of digitising the data 
used in this thesis can be evaluated based on the time it took to input, store and structure the 
data. The costs of the required computing environment can also be estimated. 
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Table 7.5 A model database for environmental management on King George Island. 

High Priority 
Geographical 

Information Products 
for Environmental 

Management 

Topography 
Topography 
Topography 1 

Surface hydrology 
Bathymetry 
Bathymetry 
Vegetation 
Terrestrial species habitats 
Freshwater species habitats 
Marine species habitats 
Ecologically sensitive areas 
Ecologically sensitive areas 
Cultural features 2 

Human impacts 2 

Cultural features 2 

Human impacts 2 

Scientific sites map 
Scientific sites mao 

Scale 
Required 
(Estimated 
minimum) 

1: 10,000 
1: 100,000 
1: 250,000 
1: 10,000 
1: 50,000 

1: 100,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1: 10,000 
1 :100,000 
1:10,000 
1:10,000 

1:100,000 
1:100,000 
1: 10,000 
1:100,000 

Contour 
interval 

10m 
50m 

250m 
50m 

100m 

Data digitised for 
the GIS analysis in 

the current 
research 

yes: 50m interval 
no 
yes: ADD 
yes: lakes,streams,ice 
no 
no 
no 
no 
no 
yes: birds, seals 
no 
no 
yes: see Appendix 6 
yes: see Appendix 6 
yes: 1 :200,000 scale 
yes: 1 :200,000 scale 
no 
no ' This product was not assessed as high pnonty in Table 7.2, but was used since 1t was readily available in digital form from the ADD. This was considered adequate or the ~urposes in this thesis, hence the 1: 100,000 scale topographic product was not digitised. Cross-reference to Appendix Six for details of feature types included in these products. 3 Data availability prior to digitising for this research: D= Digital, A= Analogue, PC= Partial Coverage 

The topographic, surface hydrology, and species habitats and distributions data digitised were derived from existing analogue map sources. The data on human impact and cultural features were derived from existing maps, field data and aerial photographs. Layers of data were added on each theme, with the complete database occupying approximately 15MB of storage space. On average, it took two to four hours to digitise a layer of data on any given theme at the 1: 10,000 scale for Fil des Peninsula. The layers digitised were of the coastline, contours, spot heights, human features derived from airphotos, impacts derived from airphotos, surface hydrology, species distributions (7 bird and 2 seal species), field data on human features, field data on human impact. As indicated in Appendix Six, the data on human features m:1;d impacts included infrastructure (such as buildings, refuges, roads, antennae, reservoirs, fuel tanks, waste disposal facilities etc.), protected areas, contaminated sites, abandoned structures or equipment, wrecks, and sites modified in various ways by human activities. It is estimated that it took approximately 60-80 hours of data-entry time to establish this database, which equates with a cost of approximately £400 to £600 in GIS operator wages. The database was established using PC Arc/Info on a Viglen 386 PC (with maths co-processor, 80MB hard disk, and expanded memory management) with a highresolution colour screen. Data were entered from a Calcomp digitising table, keyboard and mouse. Output was produced both on an 8-pen vector plotter and an inkjet drum plotter, with a total plot-time of approximately 8 hours. The costs of setting up this type of software 
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and hardware configuration, together with data entry, storage and output costs are approximately: 

Software 
Hardware 

Data entry 

PC Arc/Info 
Computer, screen, etc. 
Digitising table 
Inkjet plotter 
SUBTOTAL 

Data storage and output (consumables) 
TOTAL 

£2000 
£1500 
£1500 
£1500 
£6500 

£ 600 
£ 200 
£7300 

Thus, the total cost of a low-budget operational GIS similar to that used in this study would be approximately £7300. While this represents a substantial cost for a single project - such as conducted here - where hardware, software and data are set up for an organisation that will use them on an on-going basis, the hardware / software costs per project will fall accordingly. In such a situation, the main costs per project will be those related to data collection, entry and analysis. 

7.8.2 A dedicated GIS Centre to meet Antarctic management needs 
To indicate the costs of implementing a more comprehensive and sophisticated approach to using GIS for Antarctic management applications, such as might be contemplated for the King George Island Data Centre suggested earlier, it is useful to consider the start-up costs of the recently established ICAIR. Detailed data on these costs are at present unpublished and confidential; however, general estimates were obtained from the manager of ICAIR (Smith, pers. comm. 1993) to indicate what the main costs would be for establishing a facility based on this model. It should be noted that ICAIR will not be considered as fully operational until January 1994. 

Smith (1993: 39; and pers. comm 1993) provided the following information on the hardware and software configuration of the centre: 

Current hardware consists of a network of three Sun SPARC Station 2s with 1.9GB of storage running Arc/Info, ArcView and ERDAS Imagine, and two 486/50 PCs running Arc View, word processors and spreadsheets. All computers are backed up to a 5GB mass storage device with two tape back-up units. Data can be input from a variety of media including CD-ROM, floppy disk, tape, colour scanners, and directly from two AO digitising tablets. Output is on PostScript laser printers and colour plotters. The network runs on Ethernet, using a Frame Relay connection to Internet. This set-up makes it easy to move data between workstations, and when complete many of the databases will be accessible via Internet. 
Start-up costs have included such factors as appointing the manager, purchasing a vehicle, renting office space, and equipping the centre with furniture and communications equipment. Initially the centre intends to operate with 5 full -time staff, including the manager. It is aimed to build a large environmental database using GIS, focusing on the 
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Ross Sea region, including data relevant to environmental management topics such as EIA, 
conservation of species, waste disposal and management of protected areas. Data are 
already being entered on those themes of priority identified in Table 7 .5 at scales ranging 
from 1: 10,000 to 1 :250,000, and it is expected that it will take one man-year to develop a 
comprehensive and fully operational environmental database. 

A summary of these initiatives in terms of their approximate cost should indicate the 
magnitude of investment needed to establish an operational data centre for the King George 
Island area: 

£K Start-up costs 
80 Software- Arc/Info, ArcView, Imagine, DOS, Windows, spreadsheets etc. 30 Hardware Computing - input, output and storage devices, network etc. 110 Data entry 
20 Staff costs (5 staff@ £20,000 for one year) 100 TOTAL 

340 

Data on annual operating costs were not available, but if we assume rents, travel, 
maintenance and consumables will amount to approximately the staff costs, the centre could 
be expected to cost approximately £200,000 to run annually. 

7.8.3 Discussion of costs 
The two example scenarios given above illustrate the resources likely to be required to 
implement an operational GIS with two approaches at different ends of the cost scale, 
ranging from £7300 in total, through to £340,000 with an on-going annual cost of 
£200,000. The first approach is low-budget and only designed to meet the needs of a single 
user for a single project. The second approach is designed to be multi-user and to establish 
a large and comprehensive GIS database to support the work of three national Antarctic 
programmes working in the Ross Sea. Both approaches use GIS to handle the 
environmental information required for management applications. The first is very limited 
in the range of data and the power of the system, but nevertheless was an adequate tool for 
the applications in this thesis. The second is intended to provide the kinds of data needed to 
implement the environmental management requirements contained in the Protocol and to 
assist a variety of scientific work being conducted in the region. Estimates of staff costs in 
the scenarios are based on current UK wages. 

In the context of King George Island, where at present few countries are using GIS 
extensively, to implement the second model would be expensive. However, if a 
coordinated approach was taken, the investments required would not seem unrealistic for 
any given country: between the eight countries operating on the island, this would involve 
an average investment of £42,500 each in start-up costs, and approximately £25,000 in 
running costs thereafter. While these sums are considerable, weighed against this would be 
the benefits of: 
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• reducing data duplication 
• improving data coordination 
• making data more readily accessible 
• ensuring data are of higher and more consistent standards of quality • helping to ensure the data required for environmental management are available • improving the range and quality of environmental data available for science • establishing a managed database for the Peninsula side of Antarctica comparable to that being established at ICAIR for the Ross Sea region. 
Unfortunately, many of these benefits are difficult to quantify, and even more so are the 
intangible benefits of such a centre for encouraging greater management coordination and 
cooperation between programmes in a political sense. It was noted that an operational GIS 
useful for management applications was ( or is being) established in both scenarios given 
above, so it follows that an operational system and database could be established for a 
budget between these extremes. Considerable cost-saving could be achieved by adopting a 
less ambitious approach: e.g. purchasing only one Sun workstation and two 486 PCs would 
be adequate to support a staff of three. Such a configuration would approximately halve the 
start-up and operational costs, yet would still provide a dedicated data centre with resources 
adequate to establish a viable GIS and environmental database. This mid-range approach 
would attract costs in the order of £175,000 to start-up and £100,000 annually: about 
£22,000 start-up and £12,000 annual operating cost per programme on King George Island. 
For a multi-user system that is intended to support the activities of a number of 
programmes, however, the more costly of the scenarios presented above is likely to be 
closer to the investment required. 

It is unclear whether the countries involved will view the need for GI_S as a priority: as 
noted in Chapter 3, different countries have their own priorities and constraints. However, 
given that Chile have announced a commitment to build a GIS-based environmental database 
for the region, the time would seem opportune for the other countries to explore ways in 
which they might cooperate. Efforts to build a database should focus first on the data 
themes in Table 7.5. 

7. 9 Conclusion 
Improvements in the quality, consistency and availability of geographical information offers 
benefits to all nations operating on King George Island. An information system designed to 
marshal the required data would help support an internationally coordinated programme of 
management for the region, while a Geographical Information Plan would help guide data 
collection. While GIS offer the technical tools required for managing these data 
multinationally, there are major social and organisational questions yet to be resolved if they 
are to be effective in this role in the King George Island context. 

An opportunity exists for the countries concerned to invest jointly in establishing a 
geographical information data centre on the island with responsibility for coordinating the 
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collection, storage, maintenance, transfer and dissemination of geographical information to scientists and managers working in the region. If a cooperative, multinational, approach were adopted, a sophisticated and highly capable system with a fully operational database (with 5 staff) could be established for approximately £45,000 per country working in the region, with on-going shared costs of about £25,000 each annually. 
This initiative could be coordinated with efforts to establish an Antarctic Data Management System (SCAR/COMNAP 1992b) and its associated AMD by establishing the King George Island Data Centre as an AMD Group Node. GIS are advocated as suitable tools for these purposes, but it must be borne in mind that because of the constraints on access to GIS technology, to be effective paper products derived from the system would need to be readily accessible to those working in the region and in home countries. Apart from the direct benefits in the efficiency and effectiveness of geographical information handling that GIS have to offer, there would likely be many intangible benefits from improving the degree of interrelationship and cooperation among nations and researchers needed for this approach. If the adoption of an internationally coordinated approach to Antarctic geographical information management using GIS proves feasible, it may be possible for much needless reproduction of effort to be avoided and for the causes of scientific investigation, international cooperation and information exchange to be furthered to an unprecedented degree on King George Island. 

The deficiencies in information coordination and exchange identified on King George Island demonstrate that agreement needs to be reached on the many aspects of managing geographical information before an effective international management and information system using GIS can be established. While the assessment made in this chapter may be useful as a model to indicate the needs, coordinated approaches to management on King George Island will require a more comprehensive survey than has been possible within this study. To this end, it is suggested that those working on King George Island should convene a sub-committee with responsibility and funding to develop jointly: 
1. a detailed assessment of user needs in terms of their applications and internal information system needs directed towards a coordinated Geographical Information Plan for the regioh; 

2. policies on organisational issues related to database coordination and access; and 
3. an approach based on (1) and (2) to implement a Geographical Information Strategy designed to serve the needs of science, logistics and environmental management into the next century. 

This initiative would complement the broader approaches advocated in Chapter 6 to coordinate environmental and scientific management in the region. 
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8 

Using GIS to assess environmental change arising 
from human activities in Antarctica 

8 .1 Introduction 
The identification and monitoring of environmental change as a result of human activities is 
an important requirement for both science and management in Antarctica. Techniques for 
monitoring environmental changes are diverse and may involve chemical analyses of soil, 
water and air samples through to assessment of visible evidence of impacts. In this chapter, 
two examples of environmental change have been assessed using visible evidence gathered 
from fieldwork, maps, aerial photographs and published reports. The examples selected 
were the development of facilities (with associated modification of the surroundings) and the 
occurrence and spread of vehicle tracks on Fildes Peninsula, King George Island, two 
problems to which GIS is particularly applicable. 

8. 2 Objectives 
This chapter first describes and quantifies on Fildes Peninsula: 

• the station facilities developed, and the visible impacts from associated activities; 
• the areas most heavily affected by these developments and how these have changed over 

time; 
• the impact of land vehicles and how this has changed over time; 
• evidence of visual recovery of soils from vehicle impact. 
A further objective is to assess the utility of GIS for identifying, analysing and monitoring 
these problems. 

8.3 Methods 

Data related to the objectives were collated and digitised from maps, aerial photography, and 
scientific reports of variable scale, resolution and quality, an~ field notes. These data were 
fitted to a common geographical framework based on the 1: 10,000 topographic map of 
Fildes Peninsula published by the Chinese Antarctic programme in 1991 (see Table 7.4). 
This map was assumed the best available for the area, which is justified by analyses 
presented in Chapter 9. The data were selectively integrated to meet the objectives using the 
GIS overlay technique. 
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8. 3 .1 Data sources 
Three sets of aerial photographs covering the period 1956-90 were analysed for evidence of 
environmental change as a result of human activities. Their boundaries were digitised and 
overlaid to show their coverage and the extent of correspondence between photographic 
surveys (Figure 8.1). The photography used was: 

1. British Falkland Islands and Dependencies Aerial Survey Expedition (FIDASE) Aerial photo run: 26 FID 27 
Date: ?/12/56 
Time: not listed 
Flying height: 3963 m 
Focal length: f = 152.4 mm 
Prints used: 096, 098, 099 
Print size: 23x23 cm contact prints 
Print quality: poor 
Scale (approx): 1: 26 OOO 
Comments: Available prints were poor owing to their size and the effects of aging. However, there was no evidence of human perturbation, which is expected given that the first station was built on Fildes Peninsula in 1967. These photographs can therefore be used (within the quality constraints) as a baseline reference. 

2. British Royal Navy (RN) Endurance 
Aerial photo run: V END/RN/3/75 
Date: 19/1/75 
Time: 1100 GMT, 0700 (local time, Brazil) 
Flying height: 1829 m 
Focal length: f = 152.14 mm 
Prints used: 002, 007, 016, 017, 022, 028, 034 
Print size: 45.5x45.5 cm enlargements 
Print quality: very high 
Scale (approx): 1: 6000 
Comments: Photographs clearly showed all human constructions and evidence of ground disturbance from vehicles. Some parts of photographs were obscured by cloud but most areas within the coverage were cloud-free in at least one of the prints selected for analysis. 

3. British RN Endurance 
Aerial photo run: unofficial, at the request of the author 
Date: 17 /1/90 
Time: 2310- 2315 GMT, 1910-1915 (local time, Brazil) Flying height: 3Q48 m 
Focal length: f = 152.93 mm 
Prints used: 273, 274, 277, 279 
Print size: 23x23 cm contact prints 
Print quality: medium 
Scale (approx): 1: 19 900. 
Comments: Prints were of medium quality because of their size and processing, but a low sun-angle helped to highlight relevant features. Improved prints were impossible because the negatives were destroyed (RN policy on unofficial sorties). The photographs clearly showed constructions and ground disturbance from vehicles, although small structures such as refuges and minor ground disturbance were hard to discriminate. A magnifying glass was required to assist interpretation. 
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Nominal scales on film were calculated for the photography using the relationship: 

where f = the focal .length of the camera lens 
H = the flying height of the aircraft 

(8.1) 

Nominal scales were rounded to the nearest hundred in view of distortions arising from 
topography and minor aircraft flying height variations. 

Field observations of constructions and visible impacts were recorded on available 
maps; sketch maps of particular sites were made when necessary. This information was 
later transferred to the Chinese 1: 10,000 topographic map of Fildes Peninsula, which was 
published after fieldwork had been completed. Data on breeding bird species on Fildes 
Peninsula were derived from published maps in Peter et. al. (1988) at scales ranging from 
1 :40,000 - 1: 17 5 ,OOO. Information from an independent assessment of disturbed areas on 
Fildes Peninsula was derived from a published map (approximate scale 1 :32,500) in 
Greenpeace (1992a: 70). Data on flight paths recommended for approach and take-off at 
Marsh airstrip were derived from Chilean air force charts. 

8.3.2 Incorporating information into the GIS 
To incorporate information from the photographs directly into a GIS layer based on the 
same coordinate framework and projection as the 1: 10,000 Chinese topographic map, 64 
Ground Control Points (GCPs) were used to register the aerial photographs to the map. 
GCPs were selected at locations that could be identified unequivocally on both map and 
photographs, mainly at prominent coastal sites but also at distinctive interior features such as 
lakes, · although these latter sites must be selected with caution in view of both possible 
changes in lake levels and cartographic misinterpretations and generalisations ( discussed in 
Chapter 9). Groups of four or five GCPs from small sub-areas ( of a few km2 in size) of the 
photographic coverage were used to define the framework for that particular part of the 
coverage; the feature~ (i.e. stations, refuges, roads, oil storage facilities, vehicle tracks, etc.) 
from that sub-area were then digitised directly from the photograph. The control framework 
was then redefined for new sub-areas, progressively redefining and digitising until the entire 
photographic coverage had been completed. 

Features entered into the database were each assigned a unique feature code as an 
identifier, a step that assists their later selection and further manipulation . . The feature codes 
used were based on those adopted for the ADD (Appendix Five). However, the ADD 
feature codes were developed primarily for 1 :250,000 scale mapping and were not 
comprehensive enough to describe features of importance for the current applications. 
Thus, an extended classification and feature code list was developed to include more detail 
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on cultural, biological and human impact features (Appendix Six). 

8. 3. 3 Description of data quality 
It is known from field observations and oblique ground photography that some vehicle 
tracks present on the ground in 1989-90 were not discriminated on the available 1990 aerial 
photographs. Only those tracks that could be identified unequivocally from the aerial 
photographs were digitised. The maps therefore contain error related to the ability to resolve 
tracks from the photography, and it should be noted that some tracks exist which might only 
be detected from ground survey or from imagery of higher quality. Digitised tracks 
therefore represent a minimum extent of impact. The resolution of 1990 imagery was lower 
than 197 5 because of its print size and poorer quality. 

Precise correlation of map and photograph GCPs is difficult because of cartographic 
generalisations and the uncertain boundary between land and water. There is also some 
error associated with imaging the Earth's spherical surface in two dimensions, although this 
is so small at the scales being used here that it can be assumed negligible. More 
importantly, distortion as a result of topography alters the apparent position of GCPs above 
the datum (sea level) on aerial photographs. Additional error is introduced through 
imprecise positioning of the digitising cursor, which is related both to the scale and quality 
of the source document, and to the skill of the operator. As a consequence, errors in the 
relative positions of map and photograph GCPs occur. Displacement corrections were 
calculated for a sample of elevated GCP positions from the interior of the peninsula using 
the relationship: 

where a = apparent displacement of point 
h · = height of the point 

(8.2) 

A = distance of the point from the photograph principal point (centre) H = the flying height of the aircraft 
The highest GCP used (at 95m and 161mm from the principal point of the 1975 
photograph) was displaced by 8.4 mm, which equates to 50 m on the ground. Instead of 
applying topographic corrections for the small number of GCPs used at elevated points, the 
GIS was used to 'rubber sheet' information from the photographs into the map framework. 
By selecting coastal GCPs the distortions in the photographs associated with elevation could 
be minimised for features close to sea level. 

Arc/Info calculates the root mean square (RMS) error for the registration between the 
digitised ties and the control ties, which indicates the degree of correlation between the 
digitised photograph GCPs and the pre-defined map framework GCPs. RMS error 
therefore indicates the degree to which distorted positions in the photograph are being 
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distorted back or 'forced' to fit the map framework (desirable)l. A perfect registration 
would result in an RMS error of zero, though since this is usually impractical to achieve, 
ESRI recommend that RMS error be maintained to ~ 0.003 when registering maps. While 
useful as a guideline, a higher RMS error is probable when registering photographs to a 
map framework in view of the distortions outlined. By adopting the method of defining 
small sub-areas described above, RMS error was kept between 0.003 and 0.013, with a 
mean of 0.008 for 30 sets of four control points used to digitise 1990 data. Positional error 
was less when digitising from the 1975 photographs, with their larger scale and higher 
quality. 

As a further step to minimise error when RMS values were high, many features were 
digitised twice using different combinations of GCPs: the average between the two sets of 
positions was taken as a closer approximation of the true position of the features. 
Equivalent features from both the photographs and map, such as lakes and parts of the 
coastline, were digitised, overlaid and compared as a further check on accuracy: when all 
sources of error were combined (GCP location, topographic distortion, digitising error) the 
data from both maps and photos agreed to within 30 m at worst, but usually to within less 
than 10 m. Thirty metres is represented by one millimetre or less at the majority of output 
scales used in this study. To reduce substantially, or remove, this residual positional error 
would require photogrammetric corrections that were considered beyond the needs of the 
current applications. 

8.4 Results 
8.4.1 Station imprints 

Figure 8.2 presents a generalised view of the sites most heavily affected by human activities 
on Fildes Peninsula. Data in Figure 8.2 are derived from a visual assessment made in 
1989-90 fieldwork and from 1990 aerial photography; these are compared against an 
independent assessment made by Greenpeace in 1991 (Greenpeace 1992a) and against 
information taken from high-quality 1975 aerial photographs. The diagram and Table 8.1 
show that the area most heavily affected by human activity has increased substantially from 
1975- 1990. In contrast, those sites that were heavily affected specifically by vehicles (i.e. 
where an area was severely disturbed and individual tracks were largely indistinguishable) 
had been reduced by about 71 % over the corresponding periQd. The data from 1989- 90 
fieldwork and 1990 aerial photography combined are considered more reliable than 1975 air 
photography alone, but the higher quality images from 1975 are more reliable than the 1990 
photography alone. Thus, the apparent increase in heavily affected areas may in part be an 

1 It should be noted that a low RMS value can still result in high (undesirable) distortion if the GCPs used are in a nearly straight line. GCPs used to define sub-areas must be selected with sufficient spread in both the x and y directions: a framework defined linearly will distort digitised points severely in directions perpendicular to the line of GCPs. 
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Table 8.1 Area heavily affected by human activities on Fildes Peninsula 1975, 1990, 19911. 

(Area x1 ooom2) 

General area heavily affected by human activity 
Percentage of Fildes Peninsula ice-free area6 

Area of sites heavily affected by vehicles 
Percentage of Fildes Peninsula ice-free area6 

Total area mechanically disturbed 
Total area of landfill sites 

19752 

1321.6 
4.3 

300.5 
1.0 

19903 

4625.1 
15.2 

86.6 
0.3 

35.0 

1991 4 

3500.0 
127 

700.0 
44.6 

1991(G1S)5 

3394.9 
11.57 

951.5 
73.0 

1. Affected areas in 1956 were assessed from aerial photography to be 0. All areas rounded to nearest 100 m2, except data transcribed directly from Greenpeace (1992a). 2. Assessment made from 1975 aerial photography. 
3. Assessment made from 1989-90 fieldwork and 1990 aerial photography. 4. Assessment made by Greenpeace in 1991 (Greenpeace, 1992a: 6-8). 5. Greenpeace estimates of area were compared against the same area as digitised into the GIS. Ardley Island was excluded from the GIS analysis. 
6. Total ice-free area of Fildes Peninsula, excluding offshore islands, was calculated as 30,398,100 m2. The ice front described on the Chinese 1: 10,000 map of Fi Ides Peninsula (1986 data) and in the ADD were used as the northern boundary of the ice-free area. Greenpeace (1992a) assumed an area of Fildes Peninsula of c. 20,000,000 m2. 
7. The figure of 12 % given by Greenpeace (1992a: 7) seems in error since 3.5 km2 represents 17.5 % of their estimate of the area of the peninsula. 3.5 km2 is 11.5 % of the area of Fildes Peninsula as assessed in the current study. 

artefact of the better quality data gained from field notes and aerial photography combined, 
although this is not considered to be a cause of significant distortion since most human 
features and visible disturbance can be resolved on the 1975 photographs. Accordingly, 
some of the apparent decrease in areas heavily affected by vehicles may be attributed to the 
lower resolution of the 1990 photography, but because areas of substantial disturbance were 
obvious on the 1990 imagery this is not considered to have had a significant effect on 
results. Ideally, however, imagery of consistent scale and quality should be used to analyse 
these types of changes, backed up with field data for each time period: this was not possible 
in the current context. 

Overall, there is good correspondence in the assessment of heavily impacted areas and 
landfill sites on Fildes Peninsula between the 1989-90 fieldwork and the entirely 
independent assessment made in 1991 by Greenpeace (1992a) (Figure 8.2, Table 8.1). 
The apparent differences between the 1989-90 and 1991 surveys are probably an artefact of 
the visual assessment methods used. There is good agreement between the Greenpeace 
estimate of total area heavily affected and that calculated for the same area using the GIS. 
However, there are quite large discrepancies in Table 8.1 between Greenpeace and GIS 
estimates of the total size of areas mechanically disturbed and of landfill sites. 

More detailed information on the facilities and extent of human impact in the area 
presently occupied by stations on Fildes Peninsula is presented in Figure 8.3 . This map 
integrates information on facilities from the Chinese 1: 10,000 topographic map, which is 
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based on 1986 data, with more recent information on facilities and impacts from 1989-90 
fieldwork conducted by the author. Also shown are data on the nesting areas of penguins 
breeding on Ardley Island taken from 1975 aerial photography (these could not be 
adequately resolved in the 1990 imagery), and on the boundaries of SSSI as defined in 
SCAR (1985) and ATCPs (1992c). Specifically excluded from this map are data on the 
impact of off-road vehicle tracks which are presented in Figure 8.5 and discussed in detail in 
Section 8.4.2. 

Integrating the protected area information with the data on facilities and impacts in 
Figure 8.3 highlights compromises to the SSSI-5a boundary, many of which were already 
present at the time the SSSI was designated (revealed in 1975 photography - see Figure 
8.5). No assessment has ever been made of the effects of these developments on the values 
of the SSSI, nor whether the boundary of the area was inappropriate in the first place. 
Possible compromises to the designation of SSSI-33 are also evident in Figure 8.3, but it 
should be noted that the facilities and impacts evident on Ardley Island preceded the 
designation of the SSSI. 

Figure 8.4 presents 1984- 5 data from the report of Peter et. al. (1988) on the 
distribution of selected species of birds breeding on Fildes Peninsula. Bellingshausen and 
Marsh stations were long-established at the time of the bird survey, but the data just precede 
construction of Great Wall and Artigas, so 1975 photography is likely to give a better 
approximation of the extent of impacts and facilities at this time. Figure 8.4 shows that the 
breeding populations of the selected species tend to be located outside of the area identified 
from 1975 aerial photography as most heavily affected by human activities. Moreover, 
while a number of birds were apparently breeding within this zone, two points should be 
noted: 

1. the boundary of the heavily affected zone is more fuzzy than the line implies, and there may be small niches of relatively undisturbed habitat within this broad area; 
2. no birds were nesting within the zone that is identified as very severely affected by vehicles in 1975 (not presented in this figure, but seen in Figure 8.5). 

8.4.2 Vehicle tracks · 
Comparison of the vehicle tracks apparent in 1975 and in 1990 in Figure 8.5 reveals an 
increase in the spatial extent of surface damage as a result of the use of vehicles over this 
period, with total track length increasing by about 15 % (Table 8.2). Road length, on the 
other hand, increased by 860%. The full length of vehicle track including the roads in 1990 
was 45.8 km, a 51 % increase since 1975. However, as apparent in Figure 8.5 and noted in 
Table 8.1, the total area of those sites that had been extensively and severely modified by 
vehicles was much less in 1990. 

Figure 8.5 illustrates that most of the increase in vehicle impact since 1975 occurred in 
the northern and western parts of the peninsula, where many of the tracks evident in 1990 
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Table 8.2 Length of vehicle tracks and roads on Fildes Peninsula 1956-75-90. 

1956 1975 1990 
(m) (m) (m) 

Track length 1 
0 28940 33260 Road length 1 •2 
0 1 310 12 540 

Total track and road length1 0 30250 45800 

1. Rounded to nearest 10 metres. 
2. A 'road' was built in 1972-3 from Bellingshausen Station to a fuel depot near Suffield Point (Headland and Keage 1985), but 1975 photography revealed the road was poorly maintained and numerous tracks had proliferated nearby on parallel routes. The main track was nominally coded as a 'road' while other tracks were coded as 'vehicle tracks'. 

lead either to the Brazilian refuge 'Rambo' or towards the Russian refuge further north. 
With the exception of the track extending the length of the NW coast, almost all of the tracks 
evident in 1990 in this region were not apparent in 1975. This assessment must be qualified 
by noting the more limited coverage of the 1975 photography (Figure 8.1): strictly, a 
comparison over time should be possible only for those areas covered in both aerial 
surveys. However, because vehicles have to pass through the area within the more limited 
1975 coverage to get to the more distant regions, a level of impact may be inferred for the 
area lying beyond the image limits. The absence of tracks close to or leading out of the 
northern and western edges of the 1975 image area suggests that the area outside of the 
1975 image boundaries is unlikely to have been severely affected at that time. 

8. 5 Discussion 
Facilities and impacts on Fildes Peninsula have increased, both by major developments and 
through a process of small-scale incremental and cumulative change. It should be noted that 
Fildes Peninsula had been selected as an SPA for its outstanding natural qualities and for its 
valuable examples of freshwater lakes: rare in Antarctica. The status was revoked, and in 
the absence of management measures other developments proceeded thereafter. The imprint 
of activities has increased substantially, yet there has been little or no EIA of these 
developments. ATCM Recommendation VI-6 in 1970 and the Code of Conduct of 1975 
both called for the assessment of human impacts associated with such developments. 
However, clear and more formal procedures for EIA were not required in Treaty measures 
until 1987, after many of the most major developments had taken place. Had EIA been 
conducted for the major developments, some of impacts might have been reduced. 
However, the project-specific nature of EIA would probably have been ineffective to plan 
for the cumulative effects of these multiple operations both across space and over time. An 
approach to coordinated and regional planning that takes account of the combined effects of 
the activities of all stations was provided in the MPA category (soon to be replaced by the 
ASMA), but this has yet to be applied. Definition of Facilities Areas within an ASMA for 
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the region, as suggested in Chapter 6, would help to ensure a more long-range, proactive 

and coordinated approach to planning. 

The facilities and impacts shown in the Fildes- Ardley protected areas are cause for 

concern and should be evaluated for their significance in relation to the objectives of the 

SSSI management plans specifically, and the Protocol generally. Also of concern to Ardley 

Island in particular is the proximity and orientation of the Marsh airstrip and its eastern 

landing/take-off approach path in relation to the penguin colony. Chilean aeronautical charts 

show a direct eastern approach to the Marsh runway that passes over the Stranger Point 

SSSI and Barton Peninsula penguin rookeries, and close to Ardley Island: paths for circling 

or aborted landings pass directly over Ardley Island. The flying heights of aircraft over 

Stranger Point are likely to exceed considerably the (arbitrary) 200 m restriction in the 

Agreed Measures, but may be of more concern at Ardley Island where a 300 m restriction 

was recently agreed for SSSI-33 (ATCPs 1992a). The types of aircraft commonly used at 

Marsh are suspected of having caused a stampede and mass-deaths of king penguins 

(Aptenodytes patagonicus) on Macquarie Island (Rounsevell and Binns 1991). While this 

species does not nest on Ardley Island and the stampede at Macquarie may have been caused 

by a unique combination of circumstances, the incident raises concerns about aircraft close 

to penguin breeding sites. This problem is difficult to resolve practically now that the 

airfield has been built, since flight routes are to a large extent dictated by safety 

considerations: this highlights the importance of adequate environmental assessment prior to 

project development. Given the average of 5.5 aircraft movements from the facility daily, 

with flights more frequent during breeding periods, pilots should, at the very least, be made 

aware of the potential problems so unnecessary disturbance can be avoided.· Swithinbank 

(1993) noted that the high propeller speeds of modern aircraft are cause for concern, and 

suggested that pilots can minimise these effects by slowing speeds once airborne. 

It is interesting to note the quite large numbers of terns (Sterna vittata) that were 

nesting on the north side of the airstrip, which had recently been constructed at the time of 

the Peter et. al. (1988) survey. It is not known whether the terns were previous occupants 

of the site, unaffected by airstrip construction, or whether they were new colonists 

unperturbed by the presence of the facility, or indeed whether they were attracted by the 

disturbed ground which may have provided preferential nesting sites. Whichever, it would 

seem that this species is more tolerant of the disturbed area than some others. 

Notwithstanding this observation, it seems clear that station construction and subsequent 

activity has displaced substantial numbers of a variety of bird species: the pattern of 

distribution of nesting sites across the rest of the peninsula, together with examination of 

1956 aerial photographs taken prior to station construction, suggest that the sites selected for 

all four stations were suitable and probable habitat for breeding birds. There is a need for 

continued monitoring of the breeding and population status of these, and other, species and 

more recent data would be desirable to show possible changes and trends over time. Any 
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trends need to be considered for their significance to the species and management measures 

implemented if necessary. 

The increased concentration of vehicle tracks near the two refuges on the NW coast of 

Fildes Peninsula is notable for several reasons. First, building the refuges may have 

required a number of journeys by land vehicles. Secondly, once built the refuges are likely 

to attract use which requires transport of people and supplies. Thirdly, once in place, their 

presence will undoubtedly encourage greater use of the region for scientific, recreational and 

other purposes. Rambo Refuge was built in January 1986 and the Russian refuge appears 

to have been built after 1984 (it was not recorded by Headland and Keage (1985) when they 

reviewed constructions on Fildes Peninsula in 1984). It is possible, of course, that the 

proliferation of tracks in this area occurred between 1975 and the time at which these 

facilities were constructed: increased use of the area may have been a reason for building 

them in the first place, but aerial photography for intervening years would be needed to 

draw a definitive conclusion. Siting a field facility can increase impacts as a result of access 

by attracting greater use to the region, but it can also reduce the need for repeated journeys 

by scientists who would otherwise need daily transport to return to base. There is thus a 

need to consider carefully the environmental costs and benefits of placing such facilities. 

Extensive and severe ground disturbance by vehicles in the Marsh - Bellingshausen 

area was evident in both 1975 and 1990 photography (shaded regions in Figure 8.5), but 

the severely disturbed sites appeared substantially more widespread in 1975. The 

construction of additional maintained roads in this area since 1975 thus appears to have 

reduced significantly the degree to which vehicle impacts are spread in this zone of intensive 

use. There is also some evidence of ground recovery in these areas, although the limited 

resolution of the 1990 imagery makes definitive conclusions impossible. While the 

amelioration of impact through the implementation of appropriate management responses is 

a positive development, a more proactive approach to prevent impacts would be preferable 

to response after substantial damage has occurred. Of particular concern in this latter regard 

is the demonstrated increase in vehicle impact in parts of Fildes Peninsula remote from 

stations. The effects of land vehicles are more significant than simply their perturbation of 

surface soils or vegetation, although these in themselves may be long-lasting: tracks may 

irrevocably alter drainage patterns, accelerate erosion and alter soil and water chemistry in 

the surrounding area. Some parts of the region are more susceptible to impact than others, 

and impacts are more severe when the ground surface is unfrozen. There is a need to 

develop internationally agreed, practical management policies to respond to and prevent 

problems such as those identified in the above analysis, and the following points need to be 

addressed in particular: 

1. Highly sensitive areas where vehicles are prohibited should be defined; 

2. Periods of the year when vehicle activity is restricted should be defined, in view of the 
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greater sensitivity of soils and hydrology to disturbance when unfrozen or without 
snow-cover; 

3. The types of vehicles used should be selected or designed so their impact on the 
environment is minimised; 

4. Environmental assessment of the construction of field facilities, or indeed field research 
projects, must include assessment of the proposed means of access to the sites. If the 
effects of access are likely to be significant, alternative means of access or site locations 
should be considered, or the need for the facility re-evaluated; 

5. Maintained roads help to reduce the impacts of off-road vehicles in areas of intensive 
use: roads should be planned and financed when a need is anticipated as a result of other 
facility developments. 

The correspondence between Greenpeace calculations and those made with the GIS 

for heavily affected areas, suggests that the GIS has been reasonably accurate as a tool to 

represent these data. However, the discrepancies noted for smaller areas imply that either 

Greenpeace (1992a) was in error, or that the generalisation, mapping and digitising errors 

that form part of the data are relatively large compared to the size of these sites. 

Unfortunately, Greenpeace (1992a) do not describe their method or estimates of mapping 

accuracy, and it is difficult to know which is the correct conclusion. In reality, the 

boundaries of these areas are fuzzy and were assessed with a degree of subjectivity in both 

surveys, so an exact match would not be expected. Moreover, bulldozing to cover rubbish, 

as observed in 1990, makes visual assessment of the landfill site boundaries difficult, and 

may have altered the visual area of the sites between survey dates. These points made, the 

correspondence between the two surveys suggests that reasonably consistent visual 

assessments can be made of those areas most affected by stations and associated activities. 

This is important, since visual assessment will prove the most common, practical and cost

effective approach to meet environmental inspection requirements contained in the Protocol. 

GIS has been effective as a means to store, integrate and present these data, and has been 

valuable for analysing change in these developments and impacts over time. 

8. 6 Conclusion 

This chapter has used GIS to organise, integrate and analyse environmental information to 

assess the effects of a selection of management problems perceived on Fildes Peninsula, 

King George Island. One of the first requirements in this process was to develop a 

classification system and code list for cultural and human impact features that would appear 

in the GIS database which extended, but was compatible with, the ADD. While developing 

this classification it became clear that the feature code list developed for the ADD could not 

easily accommodate these modifications and retain a logical structure to the classification. It 

is therefore proposed that a revised feature code classification be developed which merges 

Appendices Five and Six to provide a more comprehensive and logically consistent list that 
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could be adopted as an internationally coordinated standard for Antarctic GIS. Such a step 
would aid integration of Antarctic environmental databases that are being, or will be, 
constructed using GIS. Given that most of the affected feature codes have yet to be 
implemented in the ADD, this should involve minimal re-coding of existing databases. It is 
desirable that a revision is made before more comprehensive and updated versions of the 
ADD, or other databases, are produced. 

There was no evidence of any human impact on Fildes Peninsula in 1956 aerial 
photography. GIS analysis showed that by 1975 the area heavily modified by human 
activities was approximately 4 % of the ice-free land on Fildes Peninsula, and by 1990 this 
had increased to 15 %. Application of a proactive planning approach, as was advocated in 
Chapter 6 in relation to the designation of ASMAs, and EIA procedures, had they been 
applied, would probably have reduced the scale of these impacts. 

The distribution pattern of a selection of breeding bird species showed they generally 
avoided the heavily modified areas, although there were some unexplained exceptions. 
Since affected areas were evidently suitable habitat for these species prior to any 
construction having occurred, the implication is that approximately 10- 15 % of available 
breeding space on Fildes Peninsula has been eliminated as a result of developments. It is 
not known whether the net effect on breeding birds has been their relocation to other less
affected areas, possibly increasing concentrations and competition in those areas, but not 
necessarily leading to a decline in populations; or whether the developments have reduced 
breeding success and populations have declined. The absence of baseline data collected 
prior to the development of facilities on Fildes Peninsula limits our ability to make reliable 
conclusions. This emphasises the importance of adequate environmental · assessment and 
monitoring programmes. 

While management measures such as the construction of roads have had a positive 
effect by reducing the total area of sites severely disturbed by vehicles, total vehicle track 
length has increased and extended into parts of the peninsula previously unaffected. It 
appears likely that some of the increase in vehicle impact has been related to siting field 
facilities in the NW part of the peninsula. There is a need to develop policies on the siting of 
such facilities and their associated access, the types of vehicles suitable, their operation in 
areas particularly susceptible to damage, times of the year where land-vehicle movement 
might be more restricted, and on the construction and maintenance of roads. 

The GIS has proved an effective tool to store, retrieve, integrate, and present 
geographical data from a range of times and scales for the purpose of describing and 
analysing a selection of management problems identified on Fildes Peninsula. GIS could be 
equally effective in handling similar types of data for other parts of Antarctica. While 
considerable effort had to be invested in building the GIS database, once established, the 
GIS allowed a flexible approach to selective retrieval and manipulation of the data to meet 
the objectives defined at the start of this chapter. In some senses, this flexibility should be 
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treated with caution. This is particularly the case when GIS are used to draw data from a 

range of scales, times and levels of quality. There is considerable temptation to push the 

data beyond their limits and use the high quality graphical output of GIS to mask the 

underlying errors and uncertainties in the data. 

At present, assessing and monitoring the processes of change as a result of human 

developments in this region is hindered by the fragmentary nature of data, their distribution 

in a variety of formats, and by a lack of consistency between surveys. GIS would be a 

suitable tool to organise and store much of the environmental information being collected in 

the region (along with other recommendations made in Chapter 7), but a major effort would 

be needed to establish a database more comprehensive than has been possible here. This 

would be repaid by increasing flexibility in environmental information handling and 

improvements in the degree to which data may be shared internationally. This, in turn, 

would help increase the quality, comparability and availability of geographical information 

needed for science and management in the region. However, if such an approach is to 

prove successful, it is important that attention be focused on problems associated with error 

in geographical databases, a topic that is examined in detail in the next chapter. 
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Identifying and handling error in Antarctic 
geographical data using GIS 

9. 1 Introduction 
Accurate maps are essential as a framework for the collection of environmental information 
necessary for both science and management in Antarctica. Errors in the specification of 
positions and attributes can render environmental data, expensive to collect, seriously 
devalued or practically useless. Moreover, errors in geographical information may lead to 
management schemes which are confusing, misleading and unworkable. Ambiguities can 
lead to confusion over the boundaries, or status, of areas with special management needs, 
and may also have implications for the safety of operations in Antarctica. Inaccuracies in 
original observations can subsequently limit our ability to detect or monitor environmental 
changes. In a multinational area such as Antarctica, and King George Island in particular, 
there are a multitude of standards of reliability to the data being collected, which exacerbates 
the problems and seriously impairs the potential for data to be exchanged or integrated using 
current, or GIS, approaches. While it is true that errors in geographical information have a 
cost, it must be recognised that increasing the precision and accuracy of data can also be 
expensive. There is thus a need to develop cost-effective means for identifying, rectifying 
and coping with geographical information errors in ways that ensure the benefits gained are 
commensurate with the costs of the improvements. 

As discussed in Chapter 4, geographical error can be broadly classified as related to 
the positions and/or attributes of the information. This chapter examines a sample of 
geographical information available for King George Island, primarily from Fildes 
Peninsula, and uses this to identify and illustrate different types of error that exist. To 
illustrate errors associated with positions, data have been selected from a range of maps, 
Antarctic Treaty and SCAR reports, and from a non-graphic computer database on Antarctic 
plant samples. 

Geographical place names present a problem with different kinds of error 
implications. The many maps and multiple languages used in the South Shetland region 
have great potential to lead to errors in the description of places. In some instances place 
names are incorrectly located (e.g. applied to the wrong cape or bay), while in others 
geographical names for the same location are in disagreement with each other. While many 
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names are simply translated across languages, a large number are completely different in 
one, or several, of the languages in use. In one respect this is not strictly a problem of 
error, but one of lack of agreement on which name is 'correct'. However, errors may be 
precipitated which are potentially serious in terms of safety, and which may also lead to 
confusion in the descriptions of geographical features for scientific or management 
purposes. Yet the political situation dictates that the problem is unlikely to be resolved by 
mutual agreement on common names, in spite of considerable SCAR efforts to achieve 
greater coordination. Moreover, the many languages will always exist, so there is a need to 
develop practical means to cope with the problem efficiently, especially as sharing digital 
geographical information becomes more prevalent. The problem, and a method to handle it 
using GIS, is illustrated using place names for a sample of features taken from published 
maps and from Hattersley-Smith (1991). 

9. 2 Objectives 
The main objectives of this chapter are to identify, measure, illustrate and explain examples 
of positional and attribute errors identified on King George Island, particularly those 
associated with multiple base maps and data duplication. A further objective is to suggest 
ways in which to reduce or eliminate these problems using an approach based on GIS. 

9.3 Methods 

9. 3 .1 Cartographic data error 

A sample of available maps of Fildes Peninsula were digitised to facilitate their comparison 
using GIS (Table 9.1). The selected maps were digitised using their own coordinate 
frameworks, and then transformed to a common spheroid (WGS72) and the Transverse 
Mercator projection (selected for its property of conformality, which preserves angles and 
shapes and is therefore commonly used for topographic mapping at medium to large scales 
(Maling 1973, Royal Society 1966)). The Chinese 1:10,000 map was selected as a control 
against which to compare the others; it was assumed to be the most accurate map available 
( once systematic errors described in Section 9 .4.1 had been removed) because: 

• it is the largest scale map available covering the entire peninsula; 
• it is a recent compilation; 
• it shows reasonable correspondence with the ADD, which is the most up-to-date 

compilation of geographical data for Antarctica at scales of 1 :200,000 and smaller. 

The GIS was used to overlay the coastal outline of the Chinese map with each of the other 
maps, and the degree of correspondence between the databases was measured. Secondly, 
the correspondence between the Chinese and Brazilian map descriptions of rivers, lakes and 
coastline were compared. To allow this, transformations were applied to remove as far as 
possible the positional disagreements between the two maps. In a further example of the 
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effects of positional errors, data on the boundaries of protected area SSSI-5, drawn from 
ATCPs (1976), SCAR (1985) and from an unknown large-scale map source, were 

compared for their degree of correspondence. 

Table 9.1 Maps selected for the comparison of relative error in geographical data for Fildes 
Peninsula, King George Island (see Table 7.4 for more details). 

l'Ul1. 
TITLE SERIES THEME PUBLISHER DATE SCALE COMMENTS 

King George ADD Topography SCAR in 1:250,000 Scale given is that of 
Island press the source data. 

Fildes Peninsula Topography China 1991 1:10,000 Assumed most 
accurate available 
map. 

Fildes Peninsula Topography Brazil 1987 1:15,000 Preliminary map. 

Fildes Peninsula Geology China 1988 1:20,000 Based on 1 :10,000 
Chinese topographic 
map. 

Ardley Cove Admiralty Bathymetry UK 1988 1:30,000 A hydrographic chart 
Chart with minimal 

topoqraphic information 

9.3.2 Integrating the Antarctic Plant Database with the ADD using GIS 

The Antarctic Plant Database (APD) is maintained at the Antarctic Resource Centre of the 
Terrestrial and Freshwater Life Sciences division of BAS. It is a computer database holding 

approximately 50,000 records of plant specimens collected from Antarctica, including 
taxonomic information, time of collection, collector, site description and latitude and 

longitude (in degrees and minutes). More details on the APD can be found in Russell and 

Lewis Smith (in press). At the time this experimental work was undertaken, the APD was 
implemented on a remote mainframe using the 'STATUS' bibliographic retrieval system; the 

APD has now been transferred to the local BAS VAX system and it is intended to transfer 
the data to the ORACLE relational DBMS. 

The quality of the positional data in the APD was analysed by integrating it with the 
ADD using a GIS. The database was first searched using 'King George Island' as a 

keyword to obtain a subset of records on plants collected from the island. The positional 
data and the record-ids were then written to an ASCII file in the same format as held in the 

APD, i.e.: Record-id, Latitude (degrees) Latitude (minutes), Longitude (degrees) Longitude 
(minutes) (i.e. Record number, yy, xx). To import the position data into PC Arc/Info, the 
data must be specified longitude (x) first, in decimal degrees, with southern hemisphere 
latitudes negative: they are positive in the APD. The version of PC Arc/Info used in this 

research had limited capability to make these transformations, so the data were transformed 
using a statistical spreadsheet and written to a second ASCII file in the format: 

Record-id Longitude (decimal degrees) Latitude (decimal degrees) 

(i.e. Record number, x.x, y.y). Once the positions were specified in suitable format, they 
were easily imported into PC Arc/Info using the 'Generate' command. Arc/Info stores 
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positional and attribute data in separate files in a relational database using the Record-id, 

which is common to both, as the 'relate' item between the two files. In this way, the 

attribute data (e.g. genus, species, collector, time of collection, site description, etc.) can be 

held in the GIS database independently and 'attached' to the coordinates. The attribute data 

corresponding to the positions were not required for the current application, so were not 

transferred. However, a master list was printed showing all King George Island records 

transferred from the APD, which allowed cross-reference to the attribute information held 

on individual plant records, and comparison of the imported data point locations as they 

appeared in the GIS with their site descriptions. 

9.3.3 A method to handle multiple names and languages using GIS 

Text can be added to maps in Arc/Info in three main ways: 

1. As annotation stored as a feature of the coverage. This method is generally used to 
label features that will frequently need labelling when plotted; 

2 . As an attribute of a feature (point, arc, polygon, tic) in the coverage. This is an efficient 
means of labelling map features with their associated attributes ( e.g. the temperature at 
sample points, the severity of impacts in given areas, the names of plants, etc.); 

3 . As text added as a separate entity from the coverage at the plotting stage. This method 
is most useful for labelling features of particular importance to an individual plot. 

Based on these approaches, a number of methods could be developed to annotate maps in 

several languages using GIS. Using the first approach above, alternative names (or names 

in different languages) cannot be associated with one piece of annotation. However, PC 

Arc/Info has the capability to specify annotation at different 'levels', which can later be used 

to select text of a particular level. This feature could be used to specify alternative names or 

languages by assigning each language a different annotation level. Separate annotation 

entities would then need to be added at a given location for each name in each language, 

with the appropriate annotation level specified. This method would be both cumbersome 

and inflexible. 

A second approach, using the second method described above, is simpler and more 

flexible: an empty c~)Verage is created with the same tic framework and projection as the 

coverage to be annotated. Point features are then added to the coverage at each of the 

locations where labels are required. The coverage is processed to build tables of topological 
relations for the point features, then additional 'items' (in Arc/Info terminology), or fields, 

are added to the table to store the names information. A subset of the Arc/Info point 

attribute table for the coverage called KGlNAME, which was used to store the annotation 
illustrated in Figure 9.9, is presented in Table 9.2. For the purposes of this work, items of 

30 characters each-ENGLISH and SPANISH- were added to store the names. A further 

item (ALEVEL) was added to allow hierarchical specification of the names, so particular 

types of names could be selected and plotted with flexibility using different text fonts, sizes 
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positional and attribute data in separate files in a relational database using the Record-id, 

which is common to both, as the 'relate' item between the two files . In this way, the 

attribute data (e.g. genus, species, collector, time of collection, site description, etc.) can be 

held in the GIS database independently and 'attached' to the coordinates. The attribute data 

corresponding to the positions were not required for the current application, so were not 

transferred. However, a master list was printed showing all King George Island records 

transferred from the APO, which allowed cross-reference to the attribute information held 

on individual plant records, and comparison of the imported data point locations as they 

appeared in the GIS with their site descriptions. 

9.3.3 A method to handle multiple names and languages using GIS 

Text can be added to maps in Arc/Info in three main ways: 

1. As annotation stored as a feature of the coverage. This method is generally used to 
label features that will frequently need labelling when plotted; 

2. As an attribute of a feature (point, arc, polygon, tic) in the coverage. This is an efficient 
means of labelling map features with their associated attributes ( e.g. the temperature at 
sample points, the severity of impacts in given areas, the names of plants, etc.); 

3. As text added as a separate entity from the coverage at the plotting stage. This method 
is most useful for labelling features of particular importance to an individual plot. 

Based on these approaches, a number of methods could be developed to annotate maps in 

several languages using GIS. Using the first approach above, alternative names (or names 

in different languages) cannot be associated with one piece of annotation. However, PC 

Arc/Info has the capability to specify annotation at different 'levels', which can later be used 

to select text of a particular level. This feature could be used to specify alternative names or 

languages by assigning each language a different annotation level. Separate annotation 

entities would then need to be added at a given location for each name in each language, 

with the appropriate annotation level specified. This method would be both cumbersome 

and inflexible. 

A second approach, using the second method described above, is simpler and more 

flexible: an empty cove_rage is created with the same tic framework and projection as the 

coverage to be annotated. Point features are then added to the coverage at each of the 

locations where labels are required. The coverage is processed to build tables of topological 

relations for the point features, then additional ' items' (in Arc/Info terminology), or fields, 

are added to the table to store the names information. A subset of the Arc/Info point 

attribute table for the coverage called KGINAME, which was used to store the annotation 

illustrated in Figure 9.9, is presented in Table 9.2. For the purposes of this work, items of 

30 characters each - ENGLISH and SPANISH - were added to store the names. A further 

item (ALEVEL) was added to allow hierarchical specification of the names, so particular 

types of names could be selected and plotted with flexibility using different text fonts, sizes 

177 

1111 



Handling error using G/S 

and angles. The RECORD-ID in Table 9.2 is simply the record number in the file, while 
KGINAME-ID is the unique identifier associated with the particular point to which the text 
was attached. In principle, many more items holding other languages or name alternatives 

could be added. 

This approach is adequate for small annotation files such as used here for 
demonstration purposes, but for large files the considerable redundancy in the database 

likely to result (i.e. where there are no equivalent names in other languages) could lead to 
data storage and handling problems. More efficient would be to establish separate files in 
the relational database for each language or set of alternative names (e.g. US, UK, Chile, 
Argentina), using a common item to relate equivalent records: each file thus need only 
contain records for the names available. A more sophisticated version of this type of 
approach, using a hierarchical structure to handle approximately 20,000 names for the ADD, 

has been developed by Cooper, Thomson and Edwards (1993), but was not considered 
necessary for the purposes in this thesis. 

Table 9.2 Attribute table of multiple names for point features added to a digital map of King 
George Island based on the Antarctic Digital Database. 

RECORD-ID KGINAME-ID ALEVEL ENGLISH SPANISH 

1 12 1 King George Island Isla de 25 de Mayo 
2 10 2 Nelson Island Isla Nelson 
3 1 3 Maxwell Bay Bahia Fildes 
4 7 3 King George Bay Bahia Rey Jorge 
5 11 4 Fildes Peninsula Peninsula Fildes 
6 2 4 Admiralty Bay Bahia Almirantazgo 
7 8 4 Cape Lions Rump Cabo Anos de Leon 
8 9 4 Stranger Point Cabo Funes 
9 6 4 Penguin Island Isla Penguin 

10 3 4 Ridley Island Isla Ridley 
11 4 4 Pottinger Point Punta Pottinger 
12 5 4 North Foreland 

9 . 4 Results 

9.4.1 Systematic error in the control map 

A major systematic error was identified in the map graticule for the 1: 10,000 Chinese 

topographic map of Fildes Peninsula using the GIS. The internal longitude labels on the 
map were found to be in error by -28 seconds, caused by an incorrect measurement of the 
number of seconds between the left corner ties and the next line of longitude on the map 
graticule. This error led to all of the internal lines of longitude being in error by the same 
amount. The errors became apparent when longitude coordinates read directly from the map 
were manually entered to define the ground control points (used to register the photography 
in Chapter 8) and the boundaries of SSSI-5: the resulting positions of the ground control 
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points and SSSI-5 were skewed in relation to the coastline in the GIS data, which had been 
digitised based on the comer ties. Because the comer ties used to define the map framework 
in the GIS were correct, the internal longitude errors did not affect digitising directly from 
the map using the digitising table. The errors were corrected for all data used in this thesis. 

9.4.2 Absolute positional error in the control map 
The absolute positional error of geographical data in the study region has not been 
determined, but an estimate of the likely accuracy compared to absolute positions can be 
made by comparing the Chinese 1: 10,000 scale topographical map with the ADD of King 
George Island (Figure 9.1). For reasons noted earlier, the larger scale map has been 
assumed the more accurate, although it should be noted that the ADD is more recent and was 
constructed to conform to an Antarctic-wide, consistent geographical framework. 
However, the precision of this framework is limited by the scales at which data were 
obtained, and thus cannot be assumed to be more accurate than that of the 1: 10,000 Chinese 
map. Without tests against a more rigorous and precise geographical framework, such as 
that which could be provided by the GPS, the 'absolute' accuracy of both models remains 
unknown. However, it is clear that in respect of detail, the larger scale map is the more 
precise and accurate model of the real world. The comparisons made in this chapter are 
therefore necessarily relative between maps, rather than against an 'absolute' standard (or 
very precise, sub-metre accuracy, model of the Earth). In view of its larger scale and more 
precise representation of features, the Chinese 1: 10,000 was selected as the control against 
which to compare the other representations. 

9.4.3 Relative positional error in maps of Fildes Peninsula 
Figure . 9 .1 shows the Chinese 1: 10,000 coastal outline of Fil des Peninsula plotted against 

the same area as represented in the ADD at the scale of the ADD source data. There is a 
good visual correspondence between the maps, although a systematic shift of the ADD 
outline to the northwest can be readily discerned at this scale. The difference is more 
apparent when viewed at a scale of 1:60,000 (Figure 9.2); an average distance displacement 
of 375 m 298° to the NW, was measured for a sample of 20 corresponding points spread 
evenly around the coast. Five points sampled at the south of the peninsula and on Nelson 
Island were displaced almost due west (mean 276°), whereas the remaining 15 points 
sampled further north were displaced in a NW direction (mean 305°), showing that the 
translation is not a constant linear shift for all points on the map. 

Much larger discrepancies are noticeable in Figure 9.3, which compares the Chinese 
map with the Brazilian map of a similar source scale (1:15,000). The mean displacement 
between 20 evenly spread corresponding points on these maps was measured to be 1183 m, 
although there was a range between 656 m and 1735 m. A reasonable fit of the two 
coastlines was obtained using the GIS by scaling the Brazilian map by 1.122, rotating it 6° 
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Figure 9.2 Positional discrepancies between 
the Antarctic Digital Database and the Chinese 
map of Fildes Peninsula at a scale of 1:60000. 
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Sources: Antarctic Digital Database (as 
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Figure 9.3 Positional discrepancies between the KEY Chinese and Brazilian maps of Fildes Peninsula 
at a scale of 1:60,000. 

Scale: 1:60000; Projection: Transverse Mercator 
CM: 59 OO'OO"W Lat. Origin: 62 11'52"S 
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counter-clockwise, and moving it 1596 m on a bearing of 261.5° SW (see Figure 9.6 for the 
result). Again, the translation between the two maps is neither constant nor linear, and at 
least three components of systematic positional error can be identified: 

1. error in the relative scale between the map comer ties; 
2. an error of rotation; and 
3 . an error of linear displacement. 

The effects of the systematic error made in the labelling of the graticule of the Chinese 
1:10,000 topographic map (described in Section 9.4.1) become apparent when comparing 
the corrected version of this map with the Chinese geological map, which was derived from 
it without the corrections being made (Figure 9.4). In this example, the right-hand corner 
ties for the geological map corresponded exactly with those of the topographic map, but the 
left-hand corner ties were digitised using the mis-labelled longitude positions. The result is 
good agreement at the far right side of the map where positions correspond, but error 
increasing proportionately to a maximum at the left-hand ties: the distortion appears as a 
compression of the geological map towards the right. This illustrates difficulties that may 
arise when a published base map containing such errors is duplicated: the error pervades all 
geographical information products derived from the original. 

Figure 9.5 illustrates a further example of systematic positional error, in this case 
between the Chinese topographic map and the British Admiralty Chart for part of the same 
area. Here, the error is more uniform, with a mean displacement distance of 413 m for 20 
corresponding sample points (with a range of 363 m to 432 m). A reasonably close 
correspondence between the two coastlines was obtained by a simple shift of the Admiralty 
Chart by this amount in a direction of 31.5° NE. Residual error between the two coastlines 
of up to 50 m remained, but this is likely to be more a function of cartographic 
generalisations and the different scales of the maps than remaining systematic error. 

Having removed the majority of the systematic error in the Brazilian map (the 
procedure used is described above in this section), Figure 9.6 illustrates both residual 
positional errors and attribute errors in the Chinese and Brazilian topographic maps. 
Positional discrepancies in the description of the coastlines are clearly still apparent, 
although the degree ·of fit is generally in agreement to within 50 m, which seems reasonable 
in view of the translations required to obtain the fit. The errors that remain are not simply 
positional: there are considerable disagreements in the descriptions of features, such as on 
the western coast of the peninsula where many of the islands shown cannot be paired on 
both maps. While the correspondence in lakes and rivers appearing on both maps is 
generally within the error margins apparent for the coastline, the Brazilian map has included 
a greater number of streams (particularly those of second order), despite its smaller scale. 
The larger-scale Chinese map might have been expected to show a more detailed description 
of rivers, but this was apparently not the case - although it did show a greater number of 
lakes. These observations raise questions about the accuracy of both maps: do the rivers 
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Figure 9.4 Positional discrepancies between the KEY Chinese topographic and geological maps of Fildes Peninsula at a scale of 1:60,000. 
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Figure 9.5 Positional discrepancies between the Chinese map of Fildea Peninsula and the British Admiralty Chart at a scale of 1:30000. 
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actually exist or are they 'inspired' lines where the cartographer perceived a valley? Are 
some of the streams and lakes ephemeral? Do all the islands, streams and lakes portrayed 
on the maps exist, and which of them are correctly described and positioned? A preliminary 
answer to some of these questions was gained by comparing some of these features to the 
aerial photography used in Chapter 8. Many lakes that were clearly apparent on 1975 and 
1990 photography did not appear on any of the maps. Some lakes that appear on the maps 
did not exist on the aerial photography: one of the largest on the Chinese map corresponded 
to an area of high relief and rock outcrop on the photography. Although not illustrated in 
Figure 9.6, heights of peaks were often in disagreement between maps, and contours 
sometimes described different topography. Clearly, the accuracy of the maps in their 
descriptions of features is open to question. 

Significant errors are not only apparent in topographic and geological maps for the 
region: Figure 9.7 shows the boundaries of SSSI-5 as described from two official sources 
(ATCPs 1976, SCAR 1985) and on one further published map, the source of which was 
unable to be determinedl. While there is good agreement between the ATCPs (1976) and 
SCAR (1985) in the case of SSSI-5b, the other discrepancies cast doubt on the actual 
location and extent of the protected area. 

9. 4. 4 Error in APD geographical data imported to the ADD 
This last example of positional error problems on King George Island was selected to 
illustrates the results when geographical information from a non-GIS database is integrated 
with the Antarctic Digital Database (ADD). In this example, the ADD is assumed to be 
accurate enough to be a control that will allow identification of errors in the Antarctic Plant 
Database (APO) at an output scale of 1:300,000. Figure 9.8 shows data imported to the 
GIS from the APD for 543 plants sampled from 73 locations on, or near, King George 
Island. In some cases errors are obvious, such as where terrestrial plant samples are shown 
to have been taken from ocean or ice-covered areas. One record, not shown on Figure 9.8, 
was found to be located at Deception Island 125 km to the southwest; seven other records, 
also not shown, were found to be located in the ocean 27 km due south of the coast between 
Maxwell and Admiralty Bays. In the former case, the plant sample had been recorded 
mistakenly in the APD as from King George Island; in the latter cases, the samples were 
from King George Island but their coordinates had been incorrectly specified. In most 
remaining cases it would seem certain that errors in the positions in the APD are the cause of 
the many plant samples apparently originating from ice-covered or ocean areas. Many of the 
records held for this region originate from botanical surveys conducted in the 1960s, prior 
to the availability of the British 1:200,000 scale topographic map published in 1968. In a 

I A photocopied portion of this map, showing just the southern region of Fildes Peninsula and without 
publication details, was obtained from a scientist on King George Island: enquiries with Antarctic 
programmes working in the region fai led to establish the origin of the map. The boundary of SSSI-5a was 
outside the limit of the available part of the map. 
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few cases, it cannot be certain whether it is the APD positions, or the coastline and ice
boundary lines defined in the ADD that are in error. 

9.4.5 Error in geographical names 
Figure 9.9 shows a sample of names applied to different map features on King George 
Island, as taken from Hattersley-Smith (1991), the British 1:200,000 topographic map of 
King George Island, and the Hydrographic Atlas of Chilean Antarctica (see Table 7.4 for 
more details). The examples show two aspects to the problem: direct translations of names, 
as in the case of Admiralty Bay (Bahia Almirantazgo); and completely different names, as in 
the case of Isla de 25 de Mayo, the Argentine alternative for King George Island. Argentina 
also use the alternative (not illustrated) of Bahia de 25 de Mayo for King George Bay. In 
another example, also not illustrated in Figure 9.9, Bothy Bay (on the British place names 
map of Fildes Peninsula) is called by two other names on maps in local use: Baia dos Lobos 
Marinhos (Brazil) and Happy Cove (China). Many more names and their translations and 
alternatives could be illustrated, but the purpose here has not been to detail these differences 
exhaustively, but to show how GIS can be applied to deal with the problem. 

Using the procedure described in the Methods (Section 9.3.3), annotation levels and 
alternatives were selected and plotted after first setting the appropriate text specifications 
(size, plot angle, colour). The names on Figure 9.9 were plotted using a number of separate 
plot commands, with the Spanish names being assigned a lower plot position, so the 
English alternatives were not over-written. The map shows both sets of names plotted, but 
it is a simple matter to select for one language and plot those alone. Similarly, lists of other 
alternative names and further languages could easily be built which corresponded to the 
same annotation point locations, and these could then be selected and plotted using the same 
method. 

9. 5 Discussion 
The major systematic error that was identified in the graticule of the Chinese 1: 10,000 
topographic map using the GIS is particularly unfortunate, since in terms of detail and 
drafting it appears to be the best map available for Fildes Peninsula. Its quality in these 
other respects has encouraged its use as a base map, and derived maps are appearing which 
have the same errors duplicated (e.g. the Chinese 1:20,000 geological map). The errors in 
the graticule only become acutely noticeable when positions based on the incorrect 
coordinates are entered into a map framework defined using correct coordinates. Thus, 
scientists or managers who use this paper map to provide positions for later input to 
corrected digital databases or maps are likely to be those most affected. This is of particular 
concern, for with the imminent publication of the ADD and the increasing use of computers 
for handling all types of geographical data, the errors will begin to increasingly pervade data 
with positions derived from this base map. While efforts are clearly required to correct this 
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cartographic 'blunder', the errors in other local maps and the expense of re-publishing this 
map in corrected form, warrant that corrections should be incorporated into a broader, 
internationally coordinated programme to produce a standardised, quality controlled series 
of maps for the region (see footnote on p. 150 for details of an initiative that should help to 
address these points). This should be done taking advantage of new satellite techniques 
such as GPS to refine and verify accuracy, and conforming to SCAR standards outlined in 
Chapter 4, Section 4.4.2. 

The sample of maps selected for illustration in this chapter demonstrated a range of 
systematic errors present in the many maps now available for the region. The magnitude of 
the error apparent in several of the maps and some data far exceeds a level that would be 
tolerable or considered 'fit for use' in most applications, as the US national quality standard 
for spatial data exchange would require (DCDSTF 1988, Chrisman 1991). This has 
occurred in spite of the fact that the instrumentation and data necessary for more accurate 
specifications is readily and relatively cheaply available, and was at the time recent maps 
were compiled. While it is acknowledged that the worst errors found were in a preliminary 
edition of the Brazilian 1: 15,000 map, its quality of production and general availability 
suggest it will be used with more frequency and confidence than would be justified or 
desirable. The practice of publishing and distributing maps of dubious reliability, even if 
preliminary, should be questioned because of the additional error they introduce to 
geographical data derived from them which will prove difficult and expensive to remove at a 
later date. 

The comparison made between the Chinese map of Fildes Peninsula with the ADD at 
two different scales highlights both a strength and a danger of GIS and digital databases. 
The positional discrepancies between the two maps were relatively minor when viewed at 
the smaller source scale of data in the ADD (Figure 9.1). However, the correspondence 
between the data appeared less when viewed at the larger scale, although of course it is the 
same (Figure 9.2). The apparent difference in the significance of the errors is important, for 
applications which require data at the larger scale will be less tolerant of the same degree of 
error. Thus, should the ADD be used at scales larger than those at which it was created 
and for this there is ·likely to be much temptation in view of the lack of larger-scale 
geographical data for Antarctica and the ease with which scales can be transformed using 
GIS - the results are likely to be spurious. This would have particular implications when 
using such data to measure, for example, changes in human impact over time in relation to 
station developments. The ADD data in Figure 9.2 are being pushed beyond their 
reasonable limits, and the discrepancies highlight the positional errors that are likely as a 
result. 

The significant differences observed in the description of geographical features 
between maps, such as coastlines, heights , coastal islands, lakes and rivers, highlights 
deficiencies in accuracy as well as problems of cartographic interpretation and 

1 9 2 



Handling error using GIS 

generalisation. The errors in elevation have disturbing flight safety implications, and a 
correct record of height and aspect are often important to scientific studies. One possible 
reason for some of the errors of feature interpretation may be that the surveys for the maps 
were made when the ground was covered with more snow than when the 1975 and 1990 
photographs were taken: perhaps cartographers made 'inspired' interpretations of what lay 
beneath the snow cover. The findings suggest that even the largest scale maps available for 
the region must be used with caution. 

Discrepancies in the descriptions of the boundaries of SSSI-5 are also cause for 
concern. Moreover, the protected area boundaries were entirely absent from the Chinese 
1: 10,000 map. Ambiguities in the location and extent of the protected area makes it difficult 
to manage: doubts arise over where signs should be placed to mark the area, over what 
activities are appropriate and where, and over which boundary should be taken as correct. 
Officially perhaps, the ATCPs (1976) boundary should be taken as correct, but this was 
based on poorer quality information than that available a decade later and used in SCAR 
(1985). However, the developments of roads and other infrastructure raise the question of 
whether either set of boundaries are now appropriate: boundaries should be re-assessed and 
ambiguities removed when the site is re-evaluated for whether it is meeting the objectives of 
its designation, as suggested in Chapter 8. Correct and easily accessible information is 
important to avoid errors appearing in publications such as Poncet and Poncet ( 1991: 28), 
which showed the Tourist Area in SSSI-33 marked as the full extent of the protected area -
the implication is that the rest of Ardley Island is not SSSI and has no restrictions, when in 
fact the very opposite is true. Inaccuracies such as these are disturbing, because they have 
potential to be distributed widely to people with otherwise little knowledge of-local Antarctic 
protection measures. Only when managers, scientists and visitors are clear and well
informed about the status of the area can it be managed properly, and GIS could be of 
particular assistance in this regard. 

Experimental integration of the non-GIS Antarctic Plant Database with the ADD 
yielded several important findings. First, graphic display of the APD positional data 
allowed rapid identification of serious positional errors present in the plant records, and also 
identification of less -serious, but probable, errors that would warrant further checking. 
While the coordinates in this database are supplemented with descriptions of the collection 
site, often these are ambiguous and allow little more than a general fix on the source 
location. Secondly, the results suggest that the standards that have been in use by scientists 
to specify positions for inclusion in the database are not sufficient for any but the most 
general of purposes: they would in most cases not allow a scientist to return to the same site 
for environmental assessment, monitoring or other scientific applications. At least part of 
the difficulty is that positions in the database are only specified to minute level, although 
maps of the area available at the time of many of the collections allowed for greater 
precision. However, it should be noted that more accurate results could still be obtained 
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even if scientists continued to specify positions at minute level, but were to do so with 
greater rigour. Significant enhancements to the value of the data, expensive to collect in the 
first place, could be obtained for relatively small extra investments of effort in specifying 
coordinates more precisely at the time of data collection. Such improvements would enable 

more meaningful incorporation of the data into GIS, which would allow the data to be used 
more flexibly and for applications beyond their original purpose. The method required to 
import the data into the GIS was relatively labour intensive because of the format in which 

the data were held in the STATUS bibliographic database. When the data have been 
transferred to ORACLE, the integration process should be greatly simplified, but this will 

not in itself address the geographical data problems identified in the analysis. 

The GIS was shown to be an effective tool for handling problems associated with 

multiple languages and names for geographical features in Antarctica, where such 

difficulties are likely to persist in view of the multinational nature of the region. The simple 

method demonstrated in this chapter would probably be inefficient for large names databases 
such as for the ADD (Roberts, pers. comm., 1993), so the more sophisticated approach 

under development in the ADD is preferred. An approach to handling environmental data 
using GIS would enable countries to draw from a single, coordinated, consistent 
cartographic database for the region, yet retain their own languages and historically and 
politically important place naming conventions. It would also enable users from different 

countries to identify quickly alternative names and translations that might exist for a given 

feature. These are important, practical, advantages that GIS has to offer management in 
Antarctica: this could be exploited to reduce confusion in the mapping, and assist 
unambiguous identification of places, as needed for effective response in the case of 
environmental or human emergencies. 

9. 6 Conclusion 

A GIS was used to identify substantial errors in a sample of the large-scale maps available 

for Fildes Peninsula, King George Island - perhaps one of the most 'mapped' areas in 

Antarctica. The Chinese 1:10,000 topographic map appeared to be the best available for the 

area at scales up to 1 :30,000, but this was found to contain a major systematic error in the 
longitude coordinates: this was easily corrected by adding 28 seconds to the values in error. 
The positional accuracy of the sample maps in relation to an 'absolute' standard (or very 
precise model of the Earth) was not determined, but it is recommended that revisions to 

existing maps should employ technology such as the GPS to gain more precise data on 
positional inaccuracies. Comparisons made between maps and with aerial photographs also 
cast doubt on the accuracy of the representations of physical features, such as heights, the 
presence of lakes and rivers, the existence of off-shore islands and so forth. Given the 
number of nations working in the region and the expense of a mapping programme to 
reduce both positional and attribute errors, and to re-publish maps with errors removed, it is 
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argued that an internationally coordinated and funded approach to address the problems is 
preferable. This further emphasises the need for the Geographical Information Strategy, as 
advocated in Chapter 7, to develop a more accurate base map series as an international 
standard for the region. This base map series should be developed as a matter of priority, 
for all environmental databases with a geographical component depend on it for reliability. 

Accurate base maps are particularly important when handling geographical information 
digitally: for example, when importing coordinate data from non-graphic databases to a 
GIS, or when exchanging coordinate data from one digital map to another. Geographical 
data collected and held in non-GIS databases could be more useful if they were specified 
with a precision and accuracy commensurate with the best available maps for the region. 
Clearly, the quality of available mapping has changed over time, so early data could hardly 
be expected to meet modern mapping standards. However, in many cases coordinates have 
been poorly specified when maps were already available to allow more precise positioning. 
There is a need for researchers and managers to recognise that geographical data being 
collected can be useful in applications beyond their immediate purpose, particularly when 
they can be integrated with other environmental information using GIS. Improved 
coordinate information could be gained for relatively small investments of extra effort at the 
time of data collection, which would enhance their value when integrated with other GIS 
databases. A geographical data collection policy that emphasised this approach would help 
facilitate analyses and exchanges of data that may not have been originally anticipated. This 
would add value to the data, which are particularly expensive to collect in Antarctica. 

This chapter has shown GIS to be an effective tool for identifying and correcting 
geographical errors in existing geo-located databases - for both maps and non-graphic 
computer databases - although this is no substitute for improving the specification of 
geographical positions of data at source. A method has also been demonstrated that shows 
how GIS could be used to help resolve practical problems associated with multiple names 
and languages in use in the region, a problem that is difficult to handle without the aid of 
GIS. However, as was emphasised in Chapter 7, for GIS to be fully effective in this 
context, it is important that a suitable organisational structure be put in place, with adequate 
funding provided, to ensure an effective programme of geographical information 
coordination can be implemented. The practical limitations of disseminating GIS technology 
and training in this multinational context are recognised: it is t~erefore concluded that a 
centralised approach would be necessary initially, with a GIS facility shared by the countries 
operating in the area, allowing programmes to establish their own GIS and expertise as time 
and finances permit. It would be important to ensure that those programmes lacking GIS in 
the interim were able to access the data in analogue form as required. Countries with greater 
access to the expertise, funds and technology needed should play a leading role in 
establishing such a centre. 

The examples selected in this chapter were not intended as a comprehensive review of 
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the errors in geographical databases available for the region, but to illustrate the range and 
depth of error problems that exist and how GIS can be applied towards their resolution. 
The detailed causes of the errors have not been determined in the analysis, and this problem 

remains for those with responsibility for implementing mapping programmes in the region. 
To some extent, difficulties would be less severe if all programmes working in the region 

were able to draw from, and contribute to, the same consistent base map: even if this was in 
error, at least everyone would be in error by the same amount and would therefore be able to 

exchange data with more consistency. The ADD, when it becomes widely accessible, 
should be invaluable in this regard for applications requiring data at scales of 1 :200,000 or 
smaller. However, this source scale is insufficient for most of the applications in 
environmental management and science being discussed here. At the larger scales, 

coordinates currently specified on one map represent different positions on each of the 

different maps available for the area. Until an internationally agreed and consistent map 
framework can be produced for the region at larger scales, positional information will be 

ambiguous. Implementation of a multinationally coordinated Geographical Information 
Strategy to provide a more precise and accurate base map series for the area, as advocated in 
Chapter 7, would be an important step toward addressing these problems. 
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A model for environmental management in 
Antarctica using Geographical Information Systems 

10. 1 Introduction 

This dissertation has analysed literature, field observations, data from interviews, and used 

GIS to integrate and analyse a variety of information, in order to identify weaknesses in 
current approaches to environmental management in Antarctica, from which new models of 

approach have been developed. While the research was in progress, the Treaty parties, 
aware of many of these weaknesses, rationalised and strengthened existing measures when 

they agreed to adopt a more comprehensive approach to environmental management in 
Antarctica. This is embodied in the Protocol on Environmental Protection to the Antarctic 

Treaty which, while not without weaknesses, represents a major improvement on the 

existing basis for management. The Protocol has yet to be ratified by all parties in order to 

enter into force. 

Practical implementation of existing environmental policies was found frequently to be 
lacking in the region selected for detailed case study. The reasons for non-compliance are 

complex: in Chapter 3 it was noted that a wide range of variables - natural (bio-physical 
and ecological), human values (philosophical, moral, ethical, socio-cultural and economic), 
instrumental and institutional (political, legal, constitutional, managerial and organisational), 

and knowledge-related (scientific, information management, technological, local 

knowledge, educational) - act as important influences and constraints on environmental 
management in Antarctica, many of which are magnified by the multinational context. 

While steps toward compliance with the Protocol being taken by some operators prior to 
ratification are an encouraging sign, these constraints and influences still exist, and it 

remains to be seen how well the new policies will be put into practice. 

This thesis has argued that, despite the improved framework for management offered 

by the Protocol, the complex management problems identified in the case study area, and 
also apparent in some other regions such as the Ross Sea and Larsemann Hills, require 
more specific management tools that can be applied practically and consistently in areas of 
intensive use. Moreover, while the Protocol contains a wide range of requirements for 
information exchange, it provides little insight into how this should be organised and 
achieved. This thesis has proposed an integrated approach to environmental management 
and environmental information management in Antarctica in general, and in the case study 
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region in particular, to address these problems. This chapter begins by presenting a model 
for environmental management in Antarctica, proposing GIS to organise and store spatial 
information, which summarises the most important findings and conclusions reached. More 
specific conclusions reached on environmental effects, instruments, institutions and 
environmental information handling are then reviewed in the light of this model approach. 

10. 2 Model for environmental management in Antarctica using G IS 
A major theme developed throughout this thesis has been that improvements m 
environmental management depend on the way in which information - as much as the 
activities and environments themselves - are managed. It was noted in Chapter 4 that 
parties to the Treaty are experiencing major difficulties in meeting existing demands for 
information exchange, and these demands promise to increase substantially under the 
Protocol. Better means of coordination and new approaches are needed to address these 
problems, particularly in the area of handling geographical information, which is 
fundamental to understanding many environmental science, assessment, monitoring and 
management problems. 

A model approach to address environmental data management needs is under 
development by the Treaty parties, SCAR and COMNAP, as detailed in their plans to 
develop a centralised Antarctic Master Directory (AMD) as a first step toward a more 
ambitious Antarctic Data Management System (ADMS) (SCAR/COMNAP 1992a, 1992b; 
ATCPs 1992b, 1992c). These initiatives are to be encouraged and the distributed approach 
advocated by them has much to commend it, for both practical and economic reasons. 
However, the model proposed is considered inadequate because: 

1. There is wide variation in the capabilities of countries to meet the needs of the model, 
particularly with regard to the handling of digital geographical information; 

2. The environmental information storage and handling needs of Treaty institutions such 
as the CEP and Treaty Secretariat are not adequately satisfied; 

3. The degree of centralised data management that is needed for the exchange of 
environmental information, under requirements in Treaty recommendations and in the 
Protocol (see Table 4.1), is not sufficiently provided for; and 

4. Responsibilities for handling environmental information are not allocated at the most 
appropriate level - be it local, regional or international. 

Moreover, practical questions regarding the AMD and ADMS also remain, such as who will 
establish, manage, maintain and fund them? 

The literature reviewed in Chapter 4 led to the conclusion that GIS are 'coming of age' 
technically, and are powerful tools that are changing the ways in which geographical 
information is traditionally handled. Their capabilities are now being recognised among 
agencies and scientists working in Antarctica, though their adoption so far has been rather 
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limited. The collection of increasing volumes of geographical data directly in digital form, 
using both tessellated and vector data models, and the eventual publication of the ADD on 
CD-ROM, will serve to encourage further the adoption of GIS. 

In Chapter 8, GIS was shown to be effective as a tool for storing, integrating, 
analysing and presenting geographical data from a range of times and scales to assess 
management problems identified on Fildes Peninsula, King George Island. GIS would be 
equally effective in handling similar types of data for other parts of Antarctica. GIS allowed 
flexible manipulation of the data to meet the objectives, but substantial effort had to be 
invested in building what was, in GIS terms, quite a small database. For this reason, when 
building large databases that are intended for integration multinationally, it is particularly 
important that attention is focused on the organisational, application and internal system 
issues that underlie geographical information management using GIS: these issues were 
summarised in Figure 4.5 and discussed in Chapter 4. 

Moreover, experience in building the ADD, and in constructing other large 
multinational spatial databases, e.g. those for IGBP, GRID (Mooneyhan 1988), CORINE 
(Mounsey 1991), and those being built by agencies such as WCMC (Pellew and Harrison 
1988), has demonstrated that in areas where internationally coordinated initiatives are 
required, a focused effort with some degree of centralisation is necessary to draw together 
the heterogeneous data. In environmental management, where data are typically required 
from a wide variety of sources, times, and - in Antarctica - countries or agencies, 
locating and drawing these data together without a professional centre dedicated to the task 
may be practically impossible. 

It should be noted that SCAR, COMNAP and the ATCPs specifically rejected the 
concept of a single centralised repository for all Antarctic environmental data, and this is 
strongly endorsed by the author. However, as the Treaty Meeting of Experts (ATCPs 
1992b) emphasised, even a network approach will require some coordinating mechanism -
although it was not made clear what form this might take. One possible form would be a 
permanent Antarctic Treaty Data Centre (ATDC), as illustrated at the centre of Figure 10.1 
(see p. 212), with distributed network links to national, regional, ASMA and other data 
holdings (international and disciplinary). This might be established to manage, house and 
fund the AMD and ADMS proposed by SCAR/COMNAP (1992a, 1992b) and by the 
ATCPs (1992b, 1992c ). The ATDC would fulfil the need (or a central coordinating 
mechanism, and serve the data needs of the CEP and other institutions, not by acting as a 
repository for all Antarctic environmental data, but by providing a professional and 
dedicated service with network links and guiding principles to ensure that it did not duplicate 
the tasks of other data centres. The principles could include, for example: 

1 . Data held in standard and accessible formats elsewhere would not be held in the A TDC. Thus, much data archived from remote sensing systems would continue to be accessed through usual channels, and environmental data that were held in common formats in 
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national and disciplinary data centres would not be duplicated at the A TDC. 

2. Data needed for the effective operation of the Treaty, Protocol, the CEP, the Secretariat 
and the ATCM, other than those noted in (1), would be stored at the ATDC. 

3. The ATDC would be responsible for compiling, maintaining and ensuring the 
accessibility of the AMD. 

4. Notwithstanding (1), all data that are required to be exchanged under Treaty 
recommendations and the Protocol ( detailed in Chapter 4, Table 4.1) would be stored in 
theATDC. 

The model proposed in Figure 10.1 (p. 212) is designed to address weaknesses 
perceived in the existing system and in the Protocol, placing environmental information 
management at the core of the ATS and of the instruments under the Protocol. It illustrates a 
structure and mechanism to facilitate the flow of environmental information from the local to 
international levels and vice-versa, on which all of the instruments and institutions depend. 
The ability of GIS to provide a common spatial framework that allows integration of multi
national, multi-disciplinary, multi-temporal, multi-scale spatial databases makes it an ideal 
tool to organise and facilitate exchange of environmental information. While an approach to 
management could be adopted without GIS, the tool offers such significant advantages in 
the Antarctic context that it cannot be ignored. Trends in spatial data handling using both 
tessellated and vector models suggest that computer-based approaches are rapidly becoming 
a necessity. Moreover, GIS provides the means - once the database is established - to 
retrieve data selectively for use in forms suitable for both decision makers and scientists. 

The Antarctic Digital Database (ADD), coordinated by SCAR, has been a major 
initiative aimed at addressing some of these geographical data harmonisation problems. The 
first version is now nearing completion (Thomson, pers. comm., 1993), but it has taken 
several years of sustained commitment from many organisations to construct - and there is 
much more that could be done. When it becomes available, the ADD will provide a 
coordinated base map for all Antarctica at scales of 1: 250,000 and smaller. However, 
Chapters 7 to 9 of this thesis (see Tables 7.1-3 in particular) have shown that this database 
is not of a resolution sufficient to meet environmental management ( and science) needs in 
the terrestrial and near-shore marine environments at local-regional levels, where the needs 
for data for environmental assessment and monitoring are most pronounced. Nor does it 
contain the types of data required for these purposes at the local scale, particularly ecological 
and human activities and effects information of the types used in Chapter 8. 

Thus, more detailed and coordinated spatial frameworks and databases need to be 
constructed for environmental management. The immensity and cost of the task in 
Antarctica necessitates that this is done first in areas of intensive use, and then by collecting 
priority data first. Such databases should be developed at a regional level by countries in 
their areas of interest as time and finances permit, preferably using GIS . Geographical 
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information management strategies that address issues in data quality, formats, user needs 
and applications, data access and coordination, as identified in the model presented in 
Chapter 4, Figure 4.5, would help to reduce data duplication and enhance data 
compatibility. 

However, if GIS are to be fully effective in the complex multinational context of 
Antarctica, where nations have variable expertise, funds and infrastructure, it is vital that the 
organisational aspects of establishing these systems and databases are addressed. 
Coordinated approaches to the management of spatial information need to be agreed, 
including international standards for spatial data quality and exchange, and an appropriate 
organisational framework to facilitate this at local, regional and international levels is 
required. More structured, deliberate approaches to information management are needed to 
ensure that resources invested in data collection, especially expensive in Antarctica, are used 
to their full potential. 

The model proposes a balance between fully distributed and fully centralised 
approaches to environmental information management in Antarctica. Many potential links 
have been omitted from the diagram: e.g. links can be envisaged between SCAR and the 
Secretariat and with National Data Centres where these exist. Also, the arrows illustrate the 
flow of information leading to the proposed A TDC, but it is implicit in the very existence of 
the ATDC that the institutions involved would have ready access to both the information and 
directories stored therein. These simplifications are for the sake of clarity, and the links are 
not suggested as being exhaustive. Moreover, while the role of GIS in handling 
environmental information is emphasised, it should be noted that other information systems 
would also play important roles. 

The remainder of this chapter discusses the principal findings of this thesis and, where 
appropriate, relates these to the model presented in Figure 10.1 in order to demonstrate how 
a GIS-based approach to environmental management in Antarctica under the framework 
proposed would help to address a range of problems and remaining deficiencies. 

10. 3 Improving environmental management using GIS 
10.3.1 Environmental effects and information 
Prominent examples of environmental effects of human activities on King George Island, 
identified in Chapter 5, may be simply listed to illustrate the r~nge and extent of management 
problems identified: 

Facilities 
• constructions of major stations and a large hard rock airstrip withoutEIA; 
• one abandoned station and failure to maintain field facilities; 
• siting of facilities close to wildlife: subsequent abandonment by some species; 
• uncoordinated siting of field facilities and navigation aids. 
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Transport 
• poorly controlled use of vehicles resulting in widespread damage to soils and localised 

damage to vegetation; 
• aircraft movements potentially harmful to wildlife. 

Wastes and pollution 
• terrestrial oil spill on Fildes Peninsula, contaminating soils, water and vegetation; 
• marine oil spill in Maxwell Bay from grounded ship (Humboldt) in 1989 (not observed 

in person); 
• variable sewage and domestic liquid waste disposal practices and no account taken of 

cumulative environmental effects of multiple stations; 
• varied interpretations of how to 'clean up' disused waste disposal sites, with one 

method being to bulldoze rock and soil to cover remaining refuse; 
• rubbish being washed up on beaches, some posing a threat to wildlife; 
• abandoned empty fuel drums. 

Protected areas 
• disappearance of Dallmann' s Plaque: an Historic Monument under the Treaty; 
• proliferation of unofficial designations to protect sites in the absence of more specific 

instruments under the Treaty; 
• protected area boundaries are not clear, neither in the field nor on maps and charts of the 

region: a road passes through one SSSI. 

Wildlife and vegetation 
• deliberate provocation of wildlife observed; 
• alien introductions (microbiota, plants and animals) - accidental through waste 

disposal, by deliberate feeding, or growing plants for domestic reasons; 
• disturbance to habitat by human activities. 

Science 
• lack of coordination in science projects resulting in duplication: some animal 

populations are the subjects of multiple research teams; 
• failure to clean up sites of scientific investigation following use. 

Many of these problems are related to activities specific to one programme, some relate to 
combined effects of numerous nations in a confined area, while others relate to cumulative 
effects over time. The impacts suggest that current management practices have failed to 
prevent the types of problems the Antarctic Treaty system has sought to avoid. Many 
problems relate to a lack of geographical information on what activities are acceptable and 
where - e.g. the exact boundaries of SSSI-5 are unclear, many environmentally sensitive 
areas and the sites of current scientific activities are not defined. An internationally 
coordinated and readily accessible map detailing these types of information would assist 
management in the region: it is difficult, if not impossible, to ma1;1age sites and activities 
within them when their location cannot be unambiguously defined. Activities, species and 
the physical environment are subject to change: a GIS-based approach to handling the 
information would allow data to be integrated, made more accessible, and updated rapidly as 
the environment and management needs change, reducing the need to re-publish expensive 
map series. 

GIS was used in Chapter 8 for detailed analyses of the imprints of station 
developments and extent of vehicle tracks on Fildes Peninsula. The area heavily modified 
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by human activities was shown to have increased from no effects evident in 1956, to 
approximately 4 % of the ice-free land in 1975, to 15 % in 1990, with an associated 
reduction by approximately 10- 15 % of available breeding space. The net effect on 
breeding birds is not known because baseline data do not exist, emphasising the importance 
of environmental assessment and monitoring. Road construction has had a positive effect 
by reducing the total area of sites severely disturbed by vehicles. However, tracks were 
wider where roads were poorly maintained, and total vehicle track length has increased and 
extended into parts of the peninsula previously unaffected. Some of the increase in impact 
appears related to siting field facilities. It was demonstrated that a GIS-based approach was 
effective to analyse spatial data from a range of sources, times and scales on environmental 
management problems in this multinational area. 

10.3.2 Instruments and information 

Most important of the revisions to instruments suggested in this dissertation are those to 
Annex V to the Protocol, covering special area protection and management. Annex V 
contains provisions to improve the basis for local and regional environmental planning, but 
lacks a standardised framework to apply management zones within specially protected and 
specially managed areas. These will frequently be needed to implement policies agreed in 
the Protocol at a practical and local level. If the management zones provided for under 
Article 5.3(f) of Annex V are allowed to develop on an ad hoe basis, in the long term a more 
complex and confusing system will result. While this problem may be addressed to some 
extent in the management planning handbook in preparation by SCAR (Walton, pers. 
comm., 1993), a more direct approach would be to standardise the zones within the Annex. 
Five types of management zone (Figure 10.1) are suggested to meet common needs under 
Annex V, identified through field work and also through analysis of existing Antarctic 
protected and managed area plans: Sensitive Areas, Scientific Areas, Tourist Areas, 
Facilities Areas and Historic Areas. Not all of these categories, indeed perhaps not any, will 
be necessary in all ASP As and ASMAs: however, where the need to identify such areas, to 
clarify objectives, and to resolve conflicts in use is perceived, this range of instruments 
would provide a standard approach suitable for application in all such areas of Antarctica. 

It was concluded in Chapter 6 that Annex V contains duplicative and potentially 
confusing arrangements for the designation of Historic Sites and Monuments: it is clear 
from Chapter 6, Table 6.3, that some sites, possibly many, will be left without management 
plans. Moreover, sites of local-regional historic importance are not easily afforded 
recognition and management under this system. An improved approach would be to 
designate all features of outstanding continental historic importance, as nominated and 
agreed by A TCPs, as ASP As (Historic), requiring all to have management plans providing 
for protection and maintenance. These sites would require permits for entry, optionally 
made 'open' where explicitly provided for in the management plan. Historic sites of local-
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regional significance would be recognised and managed as Historic Areas within ASP As 

and ASMAs: practical management of such sites need not involve the full Antarctic Treaty 

mechanism. These sites would be nominated and subsequently managed by the party(ies) 

responsible for proposing the ASP A or ASMA within which they were contained, according 

to the terms of their management plans. Such specific zones to manage sites of local

regional significance are not needed outside ASP As and ASMAs: the level of visitation such 

areas receive does not warrant such measures. These revisions offer a number of 

advantages: 

• all historic sites designated as of outstanding continental significance under the Antarctic 
Treaty would be required to have management plans covering at least their location, 
protection and maintenance; 

• all such sites designated would require a permit to enter, granted 'open' where not 
needed; 

• provision is made for historic features of local- regional significance, and responsibility 
for the practical management of such sites is placed on the parties proposing the ASP A 
or ASMA; 

• actions are taken to manage sites at the most appropriate level (international, regional, 
local). 

Finally, it was concluded in Chapter 6 that an improvement to Annex V would come 

from explicit categorisation of ASP As according to their purposes, which were identified as 

to protect values of three main types: Natural, Scientific and Historic (Table 6.4 and Figure 

10.1 ). The revision would make the purposes for designation clearly visible on maps and in 

documents, so that these are obvious to Antarctic visitors not visiting ASPAs themselves 

and other interested parties, most of whom will never see ASPA management plans. As 

such, ASP A categorisation would perform an important educational, rather than practical 

managemerit, function. The approach proposed would also encourage designation of larger 

areas as ASPAs - this is discouraged under current and Protocol provisions because of 

potentially conflicting objectives over use of such areas. In the proposal, standard 

management zones can be used to resolve any such conflicts within large areas designated as 

ASPAs. 

An alternative approach could be to retain the Historic Sites and Monuments category 

in Annex V, but require them all to have management plans. This approach would remove 

any need to designate Historic Sites and Monuments as ASP As or ASMAs, making the 

system more straightforward. It would also remove the need to provide 'open' entry 

permits for those cases where access restrictions were not needed, and Historic Site 

management plans could provide for entry permits as required. The approach would obviate 

the need for the category of ASP A (Historic) proposed above, which again might be a more 

direct way to organise management. These alternatives are examples of approaches that 

could meet many of the weaknesses identified in the Protocol and in the existing basis for 
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management. They aim to assist advance toward the goal of developing a workable 
management model that will be adequate to approach the problems satisfactorily, but more 
work is required to reach a solution that will be both practically and politically acceptable. 

It is recognised that these revisions are unlikely to find favour with A TCPs, who 
have, in the Protocol, just removed distinctions with parallels from existing categories of 
protected area. However, the proposals above differ from the existing system (i.e. the 
SPA, SSSI, ASTI and SRA) in that the categories do not overlap, all types of ASPA would 
require permits for entry, and the consistent management zones provide the means to 
manage conflicting uses within these areas. 

Less substantial modifications were proposed to Annex III on waste management in 
Chapter 2, Table 2.3. By reorganising the Annex into a form consistent with other annexes 
in the Protocol - using Appendices to list Prohibited, Restricted and Discouraged Products 
- a simpler and more flexible instrument would result. This revision would allow account 
to be taken of changing standards, scientific knowledge and technologies: in its present 
form, whenever such changes occur, it will be necessary to alter the Annex itself. 

It was concluded from analysis of the literature in Chapter 2, and of management 
problems on King George Island assessed in Chapters 5 and 6, that loosely defined terms, 
especially in relation to the implementation of EIA, are likely to continue as a source of 
difficulty: it is still unclear what constitutes a 'minor or transitory' impact, or when an effect 
should be considered 'significant'. Variable interpretations make consistent application of 
EIA hard to achieve, but it is difficult to see how precise definitions can be developed to 
cover all possible situations. Neither current provisions, nor those in Annex I on EIA, 
require IEEs to be circulated prior to project implementation: the chances of erroneous 
interpretations and decisions would be reduced if these were circulated at least to any likely 
affected parties and to the CEP. Review would help to identify variable interpretations, 
conflicting interests, potential cumulative effects, and inadequate environmental assessments 
at an early stage. While COMNAP (1991) recognised in their practical EIA guidelines that 
IEE circulation would be of value, it might be helpful firmly to require this in the legal 
instrument of the Protocol. 

Small-scale but incremental and cumulative developments are not easily taken into 
account in EIA provisions. Long-range and coordinated planning are needed to minimise 
cumulative impacts: the multinational nature of activities, typical management and funding 
arrangements, and generally project-specific nature of EIAs mitigate against such 
approaches. The ASMA under Annex Vis the best instrument to address these problems: 
defining Facilities Areas within ASMAs would help to contain gradual station expansion 
over time. Other management zones proposed (see Table 6.4 and Figure 10.1) would help 
to ensure more deliberate, coordinated and accountable planning in Antarctica. Defining 
these zones where needed and organising information on the area using GIS, with adequate 
organisational arrangements as detailed in Section 10.3.3, should help ensure the necessary 
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information is transferred to those with management responsibility and scientists and others 
working in the field, and facilitate updates as new data are generated or other changes occur. 

ASMAs are endorsed, with the modifications, as the most appropriate instruments for 
local and regional planning. However, the existing MPA category was only to be used to 
the minimum extent necessary and, though there is no such limitation in the Protocol, this 
thinking may continue to influence parties over whether they propose ASMAs. In contrast, 
this thesis advocates that ASMAs should be used widely in Antarctica, and should be 
established in all areas where substantial permanent facilities are developed. Such steps 
would help to ensure more proactive, coordinated, accountable approaches to planning in 
Antarctica. This would also help to address perennial problems experienced in the siting 
and gradual expansion of stations, and the difficulties perceived with cumulative effects that 
are currently hard to address, even under Protocol reforms. With regard to the King George 
Island region specifically, ASMAs should be developed for Admiralty and Maxwell Bays 
separately for practical reasons, but it is important that there is close coordination between 
the two by the countries involved in their development and implementation. Account should 
also be taken of activities on nearby Nelson Island, many of which originate from 
programmes operating on King George Island. 

It was emphasised throughout Chapters 5 to 9 of this thesis that information 
coordination is urgently needed at the local and regional levels, especially in those areas of 
intensive and multinational use with the need for more proactive approaches to planning 
under the ASMA framework. Coordinated environmental data are particularly needed for 
ASP As and ASMAs, both for scientific and management applications, and countries should 
seek to establish national and regional data centres to facilitate their orderly archiving and 
exchange: this approach would help to meet the requirement in the Protocol for Treaty 
parties to arrange for the exchange of information on visits to, activities in and the state of 
the environment within ASPAs and ASMAs (Annex V, Article 10.1). Environmental data, 
including those from monitoring programmes, should be archived in national and regional 
data centres where these exist, but with common formats and central coordination provided 
by the proposed ATDC, as represented in Figure 10.1. In this way, environmental data 
would be held and be most accessible where they are needed most, and yet still be traceable 
at the international and interdisciplinary levels through the ATDC. Recognising that many 
nations do not have GIS facilities or expertise, the ATDC should have both the capacity to 
convert data submitted to a compatible digital format, and to respond to data requests with 
analogue products. 

Although weaknesses in the Protocol are perceived, proposals to alter the instrument 
substantially should be mindful of prolonging the ratification process: this could have the 
undesirable effect of placing the system for environmental management in a state of limbo, 
with neither adopted (but unapproved) recommendations nor the Protocol in force . 
Moreover, such attempts might have the even more undesirable effect of destabilising the 
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agreement, perhaps precipitating its rejection. The Protocol should be ratified and brought 
into force speedily to establish an unequivocal, international legal basis for environmental 
management in Antarctica as soon as possible. However, it is suggested that Annex V and 
Annex ill contain unnecessary and undesirable weaknesses, and attempts should be made to 
refine and address these once the Protocol is in operation. It is recognised that gaining 
acceptance of substantial revisions to Annex V may prove difficult, and there may be a 
disadvantage to waiting until the Protocol is in force before debating the revisions proposed: 
once ratified, countries may be reluctant to make changes. However, these political 
constraints do not alter the basis of the conclusions reached. 

10.3.3 Institutions and information 
More onerous responsibilities on the ATCPs, especially under the Protocol, are placing 
increasing strain on the institutions that administer activities in Antarctica. Recent agreement 
to establish a permanent Treaty Secretariat is therefore to be welcomed, though the location, 
exact functions and timing of establishment have yet to be finalised. When the Protocol 
comes into force, the CEP will have responsibilities to advise on a wide range of 
environmental issues and the implementation of the Protocol in particular. The CEP will be 
decentralised, meeting periodically, and although it will be required to advise on the 
collection, archiving and exchange of environmental information, there are no provisions 
apparent for it to store and analyse the data needed in order to perform its functions. From a 
practical point of view, meeting the CEP' s information handling needs will require a 
permanent, centralised, data centre that is accessible to all its members. There is 
considerable overlap in the information required by the CEP and that being· produced by, 
and of use to, the other ATS institutions and related organisations: SCAR scientists, 
COMNAP, the Treaty Secretariat, the ATCM, members of national Antarctic programmes 
(logistics managers, environmental officers) and other organisations (e.g. SCOR, IGBP, 
IUCN, etc.). 

The model proposed in Figure 10.1 presupposes the establishment of the Treaty 
Secretariat: the ATDC would be located with it and function also to serve its information 
needs. In this way the ATDC and Treaty Secretariat would both be established as practical, 
functional entities without political roles. For this model to operate it is important that 
remaining issues regarding the establishment of the Secretari~t ( discussed in Chapter 2, 
Section 2.6.5) are resolved, so that the ATDC could be established in a timely manner with 
the CEP. The ATDC should be administered by a steering committee, with representatives 
from the Secretariat, the CEP, SCAR, COMNAP and the ATDC itself. The organisational 
structure proposed has some parallels with that already established to meet the needs of 
CCAMLR: the CCAMLR Commission can be viewed as the equivalent of the Treaty 
Parties; the CCAMLR Secretariat the equivalent of the Treaty Secretariat; the CCAMLR Data 
Centre the equivalent of the ATDC; and the CCAMLR Scientific Committee the equivalent 
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of the CEP. The structure proposed would avoid potential duplication in the facilities and 
resources that are required to meet the sometimes overlapping needs of the Treaty, SCAR, 
management and national institutions, and help to ensure a more comprehensive, 
coordinated, adequately funded and supported, accessible Antarctic environmental data 
management system. 

Using Signy Island as a model, but extending this to the more complex situation at 
King George Island, it was concluded in Chapter 7 that Geographical Information Plans 
should form a component of the management plans called for under ASMAs. These are 
needed to define essential information products and their characteristics ( data models, 
quality and formats), on which ASMA management plans should be based. To address the 
needs for coordinating spatial information in the King George Island region, it would be 
advantageous for the countries concerned to pool resources and establish jointly a King 
George Island Data Centre (KGIDC), preferably on the island, with responsibility for 
implementing a Geographical Information Strategy to serve the needs of science and 
management in the ASMAs developed. Given constraints on access to GIS technology and 
expertise, analogue products from the KGIDC must be readily accessible to those working 
there. Moreover, environmental data being collected by researchers and managers working 
in the region should conform to a common set of quality and format standards to facilitate 
their inclusion in databases developed and held at the KGIDC. 

This organisational structure is illustrated in Figure 10.1, which shows the KGIDC 
receiving and supplying data on the ASMAs and ASPAs in the region. Information relevant 
to the management plans and the reporting requirements of the Protocol, including 
monitoring data, would be managed by the KGIDC, and would be available for exchange 
among scientists and managers working in the region, and with National Data Centres. The 
KGIDC could be nominated as a Group Node for the AMD proposed by SCAR/COMNAP 
(1992b). Information links are shown from the KGIDC to the ATDC, illustrating regular 
transfer of directory data (meta-data) to the AMD, and of environmental information 
specifically required for exchange under Protocol and Treaty requirements. Data exchange 
relating to the implementation of other annexes of the Protocol would also be channelled 
through these routes. More generally, where national or ASMA data centres do not exist 
data and directory records could be transferred directly to the ATDC. These data would then 
be easily accessible to the CEP, the ATCM (through the Secretar!at), SCAR, COMNAP and 
other organisations. The structure proposed makes an explicit link between environmental 
information handing at the local, regional and international levels of science and 
management, with actions being undertaken at the most appropriate level. This model, 
developed to meet needs in the King George Island region, is expected to be more generally 
applicable to environmental information management in other regions of Antarctica. 

Coordinated information management on King George Island will require a more 
comprehensive and detailed survey of data availability and user needs than has been possible 
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within this study. Those managing ASMAs on King George Island should convene a 
committee to develop: 

• a detailed assessment of data availability, user applications and information needs, 
directed towards a coordinated Geographical Information Plan for the region; 

• policies on geographical database standards, coordination and access; and 

• a Geographical Information Strategy designed to serve the needs of science, logistics 
and environmental management within the ASMAs into the next century. 

In Chapter 9 it was demonstrated, using GIS techniques, that substantial positional 
and attribute errors exist in a sample of the large-scale maps available for Fildes Peninsula 
- including in the Chinese 1: 10,000 topographic map, which is apparently the best 
available for the area. The detailed causes of the errors, and which of the maps are the most 
correct, have not been determined; this remains as future work. Difficulties would be less 
severe if all programmes working in the region were able to use one consistent base map: 
the ADD, when it becomes available, will be invaluable for applications at scales of 1: 
250,000 or smaller. However, as noted above, this source scale is insufficient for most of 
the applications discussed in this thesis. At larger scales, coordinates currently specified on 
one map represent different positions on other maps available for the area, rendering 
information ambiguous, and making data integration using GIS more difficult. GPS should 
be used to gain more precise data on positional inaccuracies within maps, and a priority for 
the Geographical Information Strategy should be to develop a more accurate base map series 
as an international standard for the region - a task that could be assigned to the proposed 
KGIDC. The assessment of geographical information needs conducted ·in Chapter 7 
suggests preferable scales for this series would be 1: 100,000 and 1: 10,000, though a more 
detailed evaluation of data needs should be made. GIS offer the capability for all countries 
to draw from one coordinated cartographic database, and yet allow a variety of languages 
and names to be used, which are important practical advantages in this multinational area. 

Geographical data being collected in Antarctica can be useful for applications beyond 
their immediate purpose. Better specification of coordinates would improve the capability to 
integrate environmental databases using GIS, as was illustrated in Section 9.4.4 by 
experimentally integrating the BAS Antarctic Plant Database with the ADD. Considerable 
improvements could be gained for relatively small investments ?f extra effort in coordinate 
specification at the time of data collection. While GIS was shown in Chapter 9 to be an 
effective tool to identify and correct errors in geo-located databases, a better approach is to 
improve the specification of positions at source. Organisations such as SCAR, COMNAP, 
the suggested KGIDC and Antarctic agencies should develop policies on geographical data 
collection that emphasise these advantages, so scientists and others might take these factors 
into account when collecting data for their own needs in Antarctica. 

Unique codes associated with features in typical GIS databases are an efficient means 
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of identifying data types; these so-called geocodes allow selective retrieval and manipulation 
of data elements. A comprehensive classification system and geocode list for cultural and 
human impact features was developed to build the databases used in Chapters 8 and 9: this 
extends, but is compatible with, that developed for the ADD. Ultimately, the ADD geocode 
list will not easily accommodate these extensions. It is recommended that SCAR should 
consider merging the classifications presented in Appendices 5 and 6 to this dissertation, 
thus to provide a more comprehensive and logically consistent model that could be adopted 
as an internationally coordinated standard for Antarctic GIS. Publication and dissemination 
of this standard would aid integration of Antarctic environmental databases using GIS. 

At present, environmental assessment and monitoring in the case study region is 
hindered by the fragmentary nature of data, their distribution in a variety of formats, and by 
a lack of consistency between surveys. The approach suggested above for deliberate, 
coordinated information management within an ASMA using GIS would help increase the 
quality, comparability and availability of environmental data. A major effort would be 
needed to establish a comprehensive environmental database for the region: while costly, the 
long-term advantages will be great. Resources could be invested as available to meet needs 
prioritised in the proposed Geographical Information Plan. Better funded programmes 
could lead in the provision of necessary hardware and finance. 

For environmental management at the local level, minimal institutional arrangements in 
the form of committees are required to ensure effective development and implementation of 
ASMA plans. Specifically, a committee of managers of stations within ASMA areas should 
be convened on a regular basis with formally documented meetings to coordinate planning 
in the region. In the case of King George Island, it would be important to establish a 
management structure to coordinate those activities and needs most appropriately addressed 
on a regional scale. Examples of such needs would be coordinated mapping of the region, 
use of aircraft, and oil spill contingency planning. A regional committee would be needed to 
guide development of the proposed information system and KGIDC to support ASMA 
management, and to agree on a common Geographical Information Plan and Strategy. 

More generally, institutional arrangements for the conduct of Treaty inspections will 
be strengthened by the appointment of environmental observers under the Protocol. 
Inspection effectiveness could be increased if constraining political sensitivities can be 
reduced. To this end inspections should be: 

• more widespread, and in ASMAs form part of regional management strategies; • conducted by multinational teams of experts, invited by the the ATCPs/ ATCM with advice from the CEP, in addition to those on a national basis. 

Multinational membership of inspection teams would reduce duplication, help break down 
socio-cultural barriers to management, and encourage cooperation - advantages of this 
approach, while appearing to be viewed primarily in economic terms, are now beginning to 
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be perceived by Treaty parties (ATCPs 1992c). If GOSEAC were able to contribute their 

expertise as environmental observers, this could provide more independent, objective, 

scientific and professional advice on the functioning of the Protocol. Data gathered from 

environmental inspections could be made more accessible by ensuring these are entered into 

the proposed A TDC - hence the flow of information from environmental observers and 

from ASPA/ASMA reports to the ATDC illustrated in Figure 10.1. Moreover, this would 

provide a mechanism for information gathered during inspections to be stored in a common 

geographical database that could be used to reveal changes over time, which would better 

enable the CEP, SCAR, COMNAP and others to evaluate whether these areas were meeting 

their objectives. 

10. 4 Concluding remarks 

Environmental management was defined in Chapter 3 as a process to assist the 

identification, evaluation and resolution of conflicts among complex sets of variables in 

relation to particular groups, activities and decisions over uses of the environment. 

Conflicting goals and uses in Antarctica need to be managed more deliberately than in the 

past, and there is a need for this management to be implemented more effectively at the local 

and regional levels. The Protocol, despite weaknesses noted, is an impressive attempt by 

40 nations to agree on common rules for the comprehensive protection of the Antarctic 

environment. It is in the implementation of these rules, and in the working of the new 

institutions, that the Protocol's effectiveness and continued impressiveness will depend. 

This thesis has argued that necessary tools for practical implementation of many policies, 

particularly at the local and regional levels and in relation to environmental information 

management, are still lacking. The model reforms suggested - advocating a GIS-based 

approach to environmental management in Antarctica - were based primarily on the most 

complex and difficult case found in Antarctica where there is a need for coordinated 

approaches to environmental management. The model proposed is designed to assist those 

working in the region to meet Antarctic Treaty and Protocol objectives, and maintain and 

enhance the value of Antarctica for peace, science and conservation. 
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Annex 1 
Environmental 
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Annex 2 
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Waste Management 
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Area Protection 
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Figure 10.1 Model for envi ronmental management in Antarctica, incorporating substantial revisions to Annex V, and an organisational 
structure for managing environmental information using GIS. Note: the Protocol is not yet in force and the Secretariat has 
yet to be established. 
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Appendix One 

Membership of the Antarctic Treaty and SCAR 
(Source: R.K. Headland, Scott Polar Research Institute, April 1993) 

The Treaty, made on l December 1959, came into force on 23 June 1961. SCAR, formed on 3 February 1958, is 
part of the International Council of Scientific Unions. 

Adherents and Members (in alphabetical order with Y-M-D dates): 
A111arc1ic Treaty SCAR 

Full Associare 
Argentina 1961-06-23 1958-02-3 
Australia 1961-06-23 1958-02-3 
Austria 1987-08-25 
Belgium 19(i()-07-26 1958-02-3 
Brasil 1975-05-16 (1983-09-12) 1984-10-1 
Bulgaria 1978-09-11 
Canada 1988-05-4 
Chile 1961-06-23 1958-02-3 
China, Peoples' Republic 1983-06-8 (1985-10-7) 1986-06-23 
Colombia 1989-01-31 1990-07-23 
Cuba 1984-08-16 
Czech Republic 4 1962-06-14 
Denmark 1965-05-20 
Ecuador 1987-09-15 (1990-11-19) 1992-06-15 (1988-09-12) 
Estonia 1992-06-15 
Finland 1984-05-15 (1989-10- 9) 1990-07-23 (1988-07- I) 
France 1960-09-16 1958-03-3 

Germany 
BRD I 1979-02-5 (1981-03-3) 1978-05-22 
DORI 1974-11-19 (1987-10-5) 1981-09-9 

Greece 1987-01-8 
Guatemala 1991-07-31 
Hungary 1984-01-27 
India 1983-08-19 (1983 -09-12) 1984-10-1 
Italy 1981-03-18 (1987-10-5) 1988-09-12 (1987-05-19) 
Japan 1960-08-4 1958-02-3 
Korea (Pyongyang) 1987-01-21 
Korea (Seoul) 1986-11-28 (1989-10-9) 1990-07-23 (1987-12-8) 
Netherlands 1967-03-30 (1990-11-19) 1990-07-23 (1987-05-20) 
New Zealand 1960-11- 1 1958-02-3 
Norway 1960-08-24 1958-02-3 
Pakistan 1992-06-15 
Papua New Guinea 2 1981-03-16 
Peru 1981-04-10 (1989-10-9) 1987-04-14 
Poland 1961-06-8 (1977-07-29) 1978-05-22 
Romania 1971-09-15 
Russia J 1960-11-2 1958-02-3 
South Africa 1960-06-21 1958-02-3 
Spain 1982-03-3 l (1988-09-21) 1990-07-23 (1987-01-15) 
Sweden 1984-04-24 (1988-09-21) 1988-09-12 (1987-03-24) 
Switzerland 1990-11-15 1987-06-16 
UniJed Kingdom 1960-05-3] 1958-02-3 
UniJed States of America 1960-08-18 1958-02-3 
Ukraine 1992-10-28 
Uruguay 1980-01-11 (1985-10-7) 1988-09-12 (1987-07-29) 

Original signalories and members; the 12 states which made the Treaty and formed the Committee, are iralicised; the 
Treaty dates given these are those of the deposition of in,struments of ratification, approval, or acceptance. 

Consultative Parties of the Treaty; 26 states (emboldened) , the 12 original parties and 14 (formerly 151) others 
which achieved this status after becoming actively involved in Antarctic research (with dates in'brackets). In total 
41 states (from 421) are adherents to the Treaty. 

SCAR members are 25 Full (formerly 261) and 5 Associate; the dates in brackets for some recent Full Members are 
those of admission as an Associate Member. 

1 The two German states unified on 3 October 1990. 
2 Papua New Guinea succeeded to the Treaty after becoming independent of Australia. 
3 Formerly the Soviet Union, represented by Russia from December 1991. 
4 Formerly Czechoslovakia, represented by the Czech Republic from 1 January 1993 
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Appendix 2 The Protocol 

PROTOCOL ON 
ENVIRONMENTAL PROTECTION 

TO THE ANTARCTIC TREATY 

PREAMBLE 

The States Parties to this Protocol to the Antarctic Treaty, hereinafter referred to as the Parties, 

Convinced of the need to enhance the protection of the Antarctic environment and dependent and associated 
ecosystems; 

Convinced of the need to strengthen the Antarctic Treaty system so as to ensure that Antarctica shall continue 
forever to be used exclusively for peaceful purposes and shall not become the scene or object of international 
discord; 

Bearing in mind the special legal and political status of Antarctica and the special responsibility of the 
Antarctic Treaty Consultative Parties to ensure that all activities in Antarctica are consistent with the 
purposes and principles of the Antarctic Treaty; 

Recalling the designation of Antarctica as a Special Conservation Area and other measures adopted under the 
Antarctic Treaty system to protect the Antarctic environment and dependent and associated ecosystems; 

Acknowledging further the unique opportunities Antarctica offers for scientific monitoring of and research on 
processes of global as well as regional importance; 

Reaffirming the conservation principles of the Convention on the Conservation of Antarctic Marine Living 
Resources; 

Convinced that the development of a comprehensive regime for the protection of the Antarctic environment 
and dependent and associated ecosystems is in the interest of mankind as a whole; 

Desiring to supplement the Antarctic Treaty to this end; 

Have agreed as follows: 

For the purposes of this Protocol: 

ARTICLE 1 
DEFINITIONS 

(a) "The Antarctic Treaty" means the Antarctic Treaty done at Washington on 1 December 1959; 
(b) "Antarctic Treaty area" means the area to which the provisions of the Antarctic Treaty apply in 

accordance with Article VI of that Treaty; 
(c) "Antarctic Treaty Consultative Meetings" means the meetings referred to in Article IX of the 

Antarctic Treaty; 
(d) "Antarctic Treaty Consultative Parties" means the Contracting Parties to the Antarctic Treaty 

entitled to appoiriLrepresentatives to participate in the meetings referred to in Article IX of that 
Treaty; 

(e) "Antarctic Treaty system" means the Antarctic Treaty, the measures in effect under that Treaty, its 
associated separate international instruments in force and the measures in effect under those 
instruments; , 

(f) "Arbitral Tribunal" means the Arbitral Tribunal established in accordance with the Schedule to 
this Protocol, which forms an integral part thereof; 

(g) "Committee" means the Committee for Environmental Protection established in accordance with 
Article 11. 

ARTICLE 2 
OBJECTIVE AND DESIGNATION 

The Parties commit themselves to the comprehensive protection of the Antarctic environment and dependent 
and associated ecosystems and hereby designate Antarctica as a natural reserve, devoted to peace and science. 
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ARTICLE 3 
ENVIRONMENTAL PRINCIPLES 

1. The protection of the Antarctic environment and dependent and associated ecosystems and the intrinsic 
value of Antarctica, including its wilderness and aesthetic values and its value as an area for the 
conduct of scientific research, in particular research essential to understanding the global environment, 
shall be fundamental considerations in the planning and conduct of all activities in the Antarctic Treaty 
area. 

2. To this end: 
(a) activities in the Antarctic Treaty area shall be planned and conducted so as to limit adverse impacts 

on the Antarctic environment and dependent and associated ecosystems; 
(b) activities in the Antarctic Treaty area shall be planned and conducted so as to avoid: 

(i) adverse effects on climate or weather patterns; 
(ii) significant adverse effects on air or water quality; 

(iii) significant changes in the atmospheric, terrestrial (including aquatic), glacial or marine 
environments; 

(iv) detrimental changes in the distribution, abundance or productivity of species or populations 
of species of fauna and flora; 

(v) further jeopardy to endangered or threatened species or populations of such species; or 
(vi) degradation of, or substantial risk to, areas of biological, scientific, historic, aesthetic or 

wilderness significance; 
(c) activities in the Antarctic Treaty area shall be planned and conducted on the basis of information 

sufficient to allow prior assessments of, and informed judgments about, their possible impacts on 
the Antarctic environment and dependent and associated ecosystems and on the value of Antarctica 
for the conduct of scientific research; suchjudgments shall take account of: 
(i) the scope of the activity, including its area, duration and intensity; 
(ii) the cumulative impacts of the activity, both by itself and in combination with other 

activities in the Antarctic Treaty area; 

(iii) whether the activity will detrimentally affect any other activity in the Antarctic Treaty area; 
(iv) whether technology and procedures are available to provide for environmentally safe 

operations; 

(v) whether there exists the capacity to monitor key environmental parameters and ecosystem 
components so as to identify and provide early warning of any adverse effects of the activity 
and to provide for such modification of operating procedures as may be necessary in the 
light of the results of monitoring or increased knowledge of the Antarctic environment and 
dependent and associated ecosystems; and 

(vi) whether there exists the capacity to respond promptly and effectively to accidents, 
particularly those with potential environmental effects; 

(d) regular and effective monitoring shall take place to allow assessment of the impacts of ongoing 
activities, including the verification of predicted impacts; 

(e) regular and effective monitoring shall take place to facilitate early detection of the possible 
unforeseen effects of activities carried on both within and outside the Antarctic Treaty area on the 
Antarctic environment and dependent and associated ecosystems. 

3. Activities shall be planned and conducted in the Antarctic Treaty area so as to accord priority to 
scientific research and to preserve the value of Antarctica as an area for the conduct of such research, 
including research essential to understanding the global environment. 

4 . Activities undertaken in the Antarctic Treaty area pursuant to scientific research programmes, tourism 
and all other governmental and non-governmental activities in the Antarctic Treaty area for which 
advance notice is required in accordance with Article VII (5) of the Antarctic Treaty, including 
associated logistic support activities, shall: 

(a) take place in a manner consistent with the principles in this Article; and 
(b) be modified, suspended or cancelled if they result in or threaten to result in impacts upon the 

Antarctic environment or dependent or associated ecosystems inconsistent with those principles. 
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ARTICLE 4 
RELATIONSHIP WITH THE OTHER COMPONENTS OF THE ANTARCTIC TREATY SYSTEM 

1. This Protocol shall supplement the Antarctic Treaty and shall neither modify nor amend that Treaty. 

2 . Nothing in this Protocol shall derogate from the rights and obligations of the Parties to this Protocol 
under the other international instruments in force within the Antarctic Treaty system. 

ARTICLE 5 
CONSISTENCY WITH THE OTHER COMPONENTS OF THE ANTARCTIC TREATY SYSTEM 

The Parties shall consult and co-operate with the Contracting Parties to the other international instruments in 
force within the Antarctic Treaty system and their respective institutions with a view to ensuring the 
achievement of the objectives and principles of this Protocol and avoiding any interference with the 
achievement of the objectives and principles of those instruments or any inconsistency between the 
implementation of those instruments and of this Protocol. 

ARTICLE 6 
CO-OPERATION 

1. The Parties shall co-operate in the planning and conduct of activities in the Antarctic Treaty area. To 
this end, each Party shall endeavour to: 

(a) promote co-operative programmes of scientific, technical and educational value, concerning the 
protection of the Antarctic environment and dependent and associated ecosystems; 

(b) provide appropriate assistance to other Parties in the preparation of environmental impact 
assessments; 

(c) provide to other Parties upon request information relevant to any potential environmental risk and 
assistance to minimize the effects of accidents which may damage the Antarctic environment or 
dependent and associated ecosystems; 

(d) consult with other Parties with regard to the choice of sites for prospective stations and other 
facilities so as to avoid the cumulative impacts caused by their excessive concentration in any 
location; 

(e) where appropriate, undertake joint expeditions and share the use of stations and other facilities; and 
(f) carry out such steps as may be agreed upon at Antarctic Treaty Consultative Meetings. 

2. Each Party undertakes, to the extent possible, to share information that may be helpful to other Parties 
in planning and conducting their activities in the Antarctic Treaty area, with a view to the protection 
of the Antarctic environment and dependent and associated ecosystems. 

3. The Parties shall co-operate with those Parties which may exercise jurisdiction in areas adjacent to the 
Antarctic Treaty area with a view to ensuring that activities in the Antarctic Treaty area do not have 
adverse environmental impacts on those areas. 

ARTICLE 7 
PROHr(JITION OF MINERAL RESOURCE ACTIVITIES 

Any activity relating to mineral resources, other than scientific research, shall be prohibited. 

ARTICLE 8 
ENVIRONMENTAL IMPACT ASSESSMENT , 

1. Proposed activities referred to in paragraph 2 below shall be subject to the procedures set out in Annex 
I for prior assessment of the impacts of those activities on the Antarctic environment or on dependent 
or associated ecosystems according to whether those activities are identified as having: . 

(a) less than a minor or transitory impact; 
(b) a minor or transitory impact; or 
(c) more than a minor or transitory impact. 

2. Each Party shall ensure that the assessment procedures set out in Annex I are applied in the planning 
processes leading to decisions about any activities undertaken in the Antarctic Treaty area pursuant to 
scientific research programmes, tourism and all other governmental and non-governmental activities in 
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the Antarctic Treaty area for which advance notice is required under Article VII (5) of the Antarctic 
Treaty, including associated logistic support activities. 

3. The assessment procedures set out in Annex I shall apply to any change in an activity whether the 
change arises from an increase or decrease in the intensity of an existing activity, from the addition of 
an activity, the decommissioning of a facility, or otherwise. 

4. Where activities are planned jointly by more than one Party, the Parties involved shall nominate one 
of their number to coordinate the implementation of the environmental impact assessment procedures 
set out in Annex I. 

ARTICLE 9 
ANNEXES 

1. The Annexes to this Protocol shall form an integral part thereof. 

2. Annexes, additional to Annexes I-IV, may be adopted and become effective in accordance with Article 
IX of the Antarctic Treaty. 

3. Amendments and modifications to Annexes may be adopted and become effective in accordance with 
Article IX of the Antarctic Treaty, provided that any Annex may itself make provision for amendments 
and modifications to become effective on an accelerated basis. 

4. Annexes and any amendments and modifications thereto which have become effective in accordance 
with paragraphs 2 and 3 above shall, unless an Annex itself provides otherwise in respect of the entry 
into effect of any amendment or modification thereto, become effective for a Contracting Party to the 
Antarctic Treaty which is not an Antarctic Treaty Consultative Party, or which was not an Antarctic 
Treaty Consultative Party at the time of the adoption, when notice of approval of that Contracting 
Party has been received by the Depositary. 

5. Annexes shall, except to the extent that an Annex provides otherwise, be subject to the procedures for 
dispute settlement set out in Articles 18 to 20. 

ARTICLE 10 
ANTARCTIC TREATY CONSULTATIVE MEETINGS 

1. Antarctic Treaty Consultative Meetings shall, drawing upon the best scientific and technical advice 
available: 

(a) define, in accordance with the provisions of this Protocol, the general policy for the comprehensive 
protection of the Antarctic environment and dependent and associated ecosystems; and 

(b) adopt measures under Article IX of the Antarctic Treaty for the implementation of this Protocol. 

2. Antarctic Treaty Consultative Meetings shall review the work of the Committee and shall draw fully 
upon its advice and recommendations in carrying out the tasks referred to in paragraph 1 above, as well 
as upon the advice of the Scientific Committee on Antarctic Research. 

ARTICLE 11 
COMMITTEE FOR ENVIRONMENTAL PROTECTION 

1. There is hereby established the Committee for Environmental Protection. 

2. Each Party shall be entitled to be a member of the Committee and to appoint a representative who 
may be accompanied by experts and advisers. · 

3 . Observer status in the Committee shall be open to any Contracting Party to the Antarctic Treaty 
which is not a Party to this Protocol. 

4. The Committee shall invite the President of the Scientific Committee on Antarctic Research and the 
Chairman of the Scientific Committee for the Conservation of Antarctic Marine Living Resources to 
participate as observers at its sessions. The Committee may also, with the approval of the Antarctic 
Treaty Consultative Meeting, invite such other relevant scientific, environmental and technical 
organisations which can contribute to its work to participate as observers at its sessions. 
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5. The Committee shall present a report on each of its sessions to the Antarctic Treaty Consultative 
Meeting. The report shall cover all matters considered at the session and shall reflect the views 
expressed. The report shall be circulated to the Parties and to observers attending the session, and shall 
thereupon be made publicly available. 

6. The Committee shall adopt its rules of procedure which shall be subject to approval by the Antarctic 
Treaty Consultative Meeting. 

ARTICLE 12 
FUNCTIONS OF THE COMMITTEE 

1. The functions of the Committee shall be to provide advice and formulate recommendations to the 
Parties in connection with the implementation of this Protocol, including the operation of its 
Annexes, for consideration at Antarctic Treaty Consultative Meetings, and to perform such other 
functions as may be referred to it by the Antarctic Treaty Consultative Meetings. In particular, it shall 
provide advice on: 

(a) the effectiveness of measures taken pursuant to this Protocol; 
(b) the need to update, strengthen or otherwise improve such measures; 
(c) the need for additional measures, including the need for additional Annexes, where appropriate; 
(d) the application and implementation of the environmental impact assessment procedures set out in 

Article 8 and Annex I; 
(e) means of minimising or mitigating environmental impacts of activities in the Antarctic Treaty 

area; 
(f) procedures for situations requiring urgent action, including response action in environmental 

emergencies; 
(g) the operation and further elaboration of the Antarctic Protected Area system; 
(h) inspection procedures, including formats for inspection reports and checklists for the conduct of 

inspections; 
(i) the collection, archiving, exchange and evaluation of information related to environmental 

protection; 
G) the state of the Antarctic environment; and 
(k) the need for scientific research, including environmental monitoring, related to the implementation 

of this Protocol. 

2. In carrying out its functions, the Committee shall, as appropriate, consult with the Scientific 
Committee on Antarctic Research, the Scientific Committee for the Conservation of Antarctic Marine 
Living Resources and other relevant scientific, environmental and technical organizations. 

ARTICLE 13 
COMPLIANCE WITH THIS PROTOCOL 

1. Each Party shall take appropriate measures within its competence, including the adoption of laws and 
regulations, administrative actions and enforcement measures, to ensure compliance with this 
Protocol. 

2. Each Party shall exert appropriate efforts, consistent with the Charter of the United Nations, to the end 
that no one engages irt _any activity contrary to this Protocol. 

3. Each Party shall notify all other Parties of the measures it takes pursuant to paragraphs 1 and 2 above. 

4. Each Party shall draw the attention of all other Parties to any activity :,¥hich in its opinion affects the 
implementation of the objectives and principles of this Protocol. 

5 . The Antarctic Treaty Consultative Meetings shall draw the attention of any State which is not a Party 
to this Protocol to any activity undertaken by that State, its agencies, instrumentalities, natural or 
juridical persons, ships, aircraft or other means of transport which affects the implementation of the 
objectives and principles of this Protocol. 
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ARTICLE 14 
INSPECTION 

The Protocol 

1. In order to promote the protection of the Antarctic environment and dependent and associated 
ecosystems, and to ensure compliance with this Protocol, the Antarctic Treaty Consultative Parties 
shall arrange, individually or collectively, for inspections by observers to be made in accordance with 
Article VII of the Antarctic Treaty. 

2. Observers are: 
(a) observers designated by any Antarctic Treaty Consultative Party who shall be nationals of that 

Party; and 
(b) any observers designated at Antarctic Treaty Consultative Meetings to carry out inspections under 

procedures to be established by an Antarctic Treaty Consultative Meeting. 

3. Parties shall co-operate fully with observers undertaking inspections, and shall ensure that during 
inspections, observers are given access to all parts of stations, installations, equipment, ships and 
aircraft open to inspection under Article VII (3) of the Antarctic Treaty, as well as to all records 
maintained thereon which are called for pursuant to this Protocol. 

4. Reports of inspections shall be sent to the Parties whose stations, installations, equipment, ships or 
aircraft are covered by the reports. After those Parties have been given the opportunity to comment, 
the reports and any comments thereon shall be circulated to all the Parties and to the Committee, 
considered at the next Antarctic Treaty Consultative Meeting, and thereafter made publicly available. 

ARTICLE 15 
EMERGENCY RESPONSE ACTION 

1. In order to respond to environmental emergencies in the Antarctic Treaty area, each Party agrees to: 
(a) provide for prompt and effective response action to such emergencies which might arise in the 

performance of scientific research programmes, tourism and all other governmental and non
governmental activities in the Antarctic Treaty area for which advance notice is required under 
Article VII (5) of the Antarctic Treaty, including associated logistic support activities; and 

(b) establish contingency plans for response to incidents with potential adverse effects on the 
Antarctic environment or dependent and associated ecosystems. 

2. To this end, the Parties shall: 
(a) co-operate in the formulation and implementation of such contingency plans; and 
(b) establish procedures for immediate notification of, and co-operative response to, environmental 

emergencies. 

3. In the implementation of this Article, the Parties shall draw upon the advice of the appropriate 
international organisations. 

ARTICLE 16 
LIABILITY 

Consistent with the objectives of this Protocol for the comprehensive protection of the Antarctic 
environment and dependent and associated ecosystems, the Parties undertake to elaborate rules and procedures 
relating to liability for damage arising from activities taking place in the Antarctic Treaty area and covered by 
this Protocol. Those rules and procedures shall be included in one or more Annexes to be adopted in 
accordance with Article 9 (2). 

ARTICLE 17 
ANNUAL REPORT BY PARTIES 

1. Each Party shall report annually on the steps taken to implement this Protocol. Such reports shall 
include notifications made in accordance with Article 13 (3), contingency plans established in 
accordance with Article 15 and any other notifications and information called for pursuant to this 
Protocol for which there is no other provision concerning the circulation and exchange of information. 

2. Reports made in accordance with paragraph 1 above shall be circulated to all Parties and to the 
Committee, considered at the next Antarctic Treaty Consultative Meeting, and made publicly 
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available. 

ARTICLE 18 
DISPUTE SETTLEMENT 

If a dispute arises concerning the interpretation or application of this Protocol, the parties to the dispute shall, at the request of any one of them, consult among themselves as soon as possible with a view to having the dispute resolved by negotiation, inquiry, mediation, conciliation, arbitration, judicial settlement or other peaceful means to which the parties to the dispute agree: 

ARTICLE 19 
CHOICE OF DISPUTE SETTLEMENT PROCEDURE 

1. Each Party, when signing, ratifying, accepting, approving or acceding to this Protocol, or at any time thereafter, may choose, by written declaration, one or both of the following means for the settlement of disputes concerning the interpretation or application of Articles 7, 8 and 15 and, except to the extent that an Annex provides otherwise, the provisions of any Annex and, insofar as it relates to these Articles and provisions, Article 13: 
(a) the International Court of Justice; 
(b) the Arbitral Tribunal. 

2. A declaration made under paragraph 1 above shall not affect the operation of Article 18 and Article 20 (2). 

3. A Party which has not made a declaration under paragraph 1 above or in respect of which a declaration is no longer in force shall be deemed to have accepted the competence of the Arbitral Tribunal. 

4. If the parties to a dispute have accepted the same means for the settlement of a dispute, the dispute may be submitted only to that procedure, unless the parties otherwise agree. 

5 . If the parties to a dispute have not accepted the same means for the settlement of a dispute, or if they have both accepted both means, the dispute may be submitted only to the Arbitral Tribunal, unless the parties otherwise agree. 

6. A declaration made under paragraph 1 above shall remain in force until it expires in accordance with its terms or until three months after written notice of revocation has been deposited with the Depositary. 
7. A new declaration, a notice of revocation or the expiry of a declaration shall not in any way affect proceedings pending before the International Court of Justice or the Arbitral Tribunal, unless the parties to the dispute otherwise agree. 

8. Declarations and notices referred to in this Article shall be deposited with the Depositary who shall transmit copies thereof to all Parties. 

ARTICLE 20 
DISPUTE SETTLEMENT PROCEDURE 

l. If the parties to a dispute concerning the interpretation or application of Articles 7, 8 or 15 or, except to the extent that an Annex provides otherwise, the provisions of any Annex or, insofar as it relates to these Articles and provisions, Article 13, have not agreed on a means for resolving it within 12 months of the request for consultation pursuant to Article 18, the di&pute shall be referred, at the request of any party to the dispute, for settlement in accordance with the procedure determined by Article 19 (4) and (5) . 

2. The Arbitral Tribunal shall not be competent to decide or rule upon any matter within the scope of Article IV of the Antarctic Treaty. In addition, nothing in this Protocol shall be interpreted as conferring competence or jurisdiction on the International Court of Justice or any other tribunal established for the purpose of settling disputes between Parties to decide or otherwise rule upon any matter within the scope of Article IV of the Antarctic Treaty. 
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ARTICLE 21 
SIGNATURE 

This Protocol shall be open for signature at Madrid on the 4th of October 1991 and thereafter at Washington 
until the 3rd of October 1992 by any State which is a Contracting Party to the Antarctic Treaty. 

ARTICLE 22 
RATIFICATION, ACCEPTANCE, APPROVAL OR ACCESSION 

1. This Protocol is subject to ratification, acceptance or approval by signatory States. 

2. After the 3rd of October 1992 this Protocol shall be open for accession by any State which is a 
Contracting Party to the Antarctic Treaty. 

3. Instruments of ratification, acceptance, approval or accession shall be deposited with the Government 
of the United States of America, hereby designated as the Depositary. 

4. After the date on which this Protocol has entered into force, the Antarctic Treaty Consultative Parties 
shall not act upon a notification regarding the entitlement of a Contracting Party to the Antarctic 
Treaty to appoint representatives to participate in Antarctic Treaty Consultative Meetings in 
accordance with Article IX (2) of the Antarctic Treaty unless that Contracting Party has first ratified, 
accepted, approved or acceded to this Protocol. 

ARTICLE 23 
ENTRY INTO FORCE 

1. This Protocol shall enter into force on the thirtieth day following the date of deposit of instruments of 
ratification, acceptance, approval or accession by all States which are Antarctic Treaty Consultative 
Parties at the date on which this Protocol is adopted. 

2. For each Contracting Party to the Antarctic Treaty which, subsequent to the date of entry into force of 
this Protocol, deposits an instrument of ratification, acceptance, approval or accession, this Protocol 
shall enter into force on the thirtieth day following such deposit. 

ARTICLE 24 
RESERVATIONS 

Reservations to this Protocol shall not be permitted. 

ARTICLE 25 
MODIFICATION OR AMENDMENT 

1. Without prejudice to the provisions of Article 9, this Protocol may be modified or amended at any 
time in accordance with the procedures set forth in Article XII (1) (a) and (b) of the Antarctic Treaty. 

2. If, after the expiration of 50 years from the date of entry into force of this Protocol, any of the 
Antarctic Treaty Consultative Parties so requests by a communication addressed to the Depositary, a 
conference shall be held as soon as practicable to review the operation of this Protocol. 

3. A modification or amendment proposed at any Review Conference called pursuant to paragraph 2 
above shall be adopted by a majority of the Parties, including 3/4 of the States which are Antarctic 
Treaty Consultative Parties at the time of adoption of this Protocol. 

4. A modification or amendment adopted pursuant to paragraph 3 above shall enter into force upon 
ratification, acceptance, approval or accession by 3/4 of the Antarctic Treaty Consultative Parties, 
including ratification, acceptance, approval or accession by all States which are Antarctic Treaty 
Consultative Parties at the time of adoption of this Protocol. 

5. (a) With respect to Article 7, the prohibition on Antarctic mineral resource activities contained 
therein shall continue unless there is in force a binding legal regime on Antarctic mineral resource 
activities that includes an agreed means for determining whether, and, if so, under which 
conditions, any such activities would be acceptable. This regime shall fully safeguard the 
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interests of all States _referred ~o. in ~rticle IV of the Antarctic Treaty and apply the principles 

thereof. Therefore, 1f a mod1f1cat10n or amendment to Article 7 is proposed at a Review 

Conference referred to in paragraph 2 above, it shall include such a binding legal regime. 

(b) If any such modification or amendment has not entered into force within 3 years of the date of its 

adoption, any Party may at any time thereafter notify to the Depositary of its withdrawal from 

this Protocol, and such withdrawal shall take effect 2 years after receipt of the notification by the 

Depositary. 

ARTICLE 26 . 
NOTIFICATIONS BY THE DEPOSITARY 

The Depositary shall notify all Contracting Parties to the Antarctic Treaty of the following: 

(a) signatures of this Protocol and the deposit of instruments of ratification, acceptance, approval or 

accession; 
(b) the date of entry into force of this Protocol and any additional Annex thereto; 

(c) the date of entry into force of any amendment or modification to this Protocol; 

(d) the deposit of declarations and notices pursuant to Article 19; and 
(e) any notification received pursuant to Article 25 (5) (b). 

ARTICLE 27 
AUTHENTIC TEXTS AND REGISTRATION WITH THE UNITED NATIONS 

1. This Protocol, done in the English, French, Russian and Spanish languages, each version being 

equally authentic, shall be deposited in the archives of the Government of the United States of 

America, which shall transmit duly certified copies thereof to all Contracting Parties to the Antarctic 

Treaty. 

2. This Protocol shall be registered by the Depositary pursuant to Article 102 of the Charter of the 

United Nations. 

SCHEDULE TO THE PROTOCOL 

ARBITRATION 

Article 1 

1. The Arbitral Tribunal shall be constituted and shall function in accordance with the Protocol, including 

this Schedule. 

2. · The Secretary referred to in this Schedule is the Secretary General of the Permanent Court of 

Arbitration. 

Article 2 

1. Each Party shall be entitled to designate up to three Arbitrators, at least one of whom shall be 

designated within three·months of the entry into force of the Protocol for that Party. Each Arbitrator 

shall be experienced in Antarctic affairs, have thorough knowledge of international law and enjoy the 

highest reputation for fairness, competence and integrity. The names of the persons so designated 

shall constitute the list of Arbitrators. Each Party shall at all times maintain the name of at least one 

Arbitrator on the list. 

2. Subject to paragraph 3 below, an Arbitrator designated by a Party shall remain on the list for a period 

of five years and shall be eligible for redesignation by that Party for additional five year periods. 

3. A Party which designated an Arbitrator may withdraw the name of that Arbitrator from the list. If an 

Arbitrator dies or if a Party for any reason withdraws from the list the name of an Arbitrator designated 

by it, the Party which designated the Arbitrator in question shall notify the Secretary promptly. An 

Arbitrator whose name is withdrawn from the list shall continue to serve on any Arbitral Tribunal to 

which that Arbitrator has been appointed until the completion of proceedings before the Arbitral 

Tribunal. 
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4. The Secretary shall ensure that an up-to-date list is maintained of the Arbitrators designated pursuant to 
this Article. 

Article 3 

1. The Arbitral Tribunal shall be composed of three Arbitrators who shall be appointed as follows: 
(a) The party to the dispute commencing the proceedings shall appoint one Arbitrator, who may be 

its national, from the list referred to in Article 2. This appointment shall be included in the 
notification referred to in Article 4. 

(b) Within 40 days of the receipt of that notification, the other party to the dispute shall appoint the 
second Arbitrator, who may be its national, from the list referred to in Article 2. 

(c) Within 60 days of the appointment of the second Arbitrator, the parties to the dispute shall 
appoint by agreement the third Arbitrator from the list referred to in Article 2. The third 
Arbitrator shall not be either a national of a party to the dispute, or a person designated for the list 
referred to in Article 2 by a party to the dispute, or of the same nationality as either of the first 
two Arbitrators. The third Arbitrator shall be the Chairperson of the Arbitral Tribunal. 

(d) If the second Arbitrator has not been appointed within the prescribed period, or if the parties to the 
dispute have not reached agreement within the prescribed period on the appointment of the third 
Arbitrator, the Arbitrator or Arbitrators shall be appointed, at the request of any party to the 
dispute and within 30 days of the receipt of such request, by the President of the International 
Court of Justice from the list referred to in Article 2 and subject to the conditions prescribed in 
subparagraphs (b) and (c) above. In performing the functions accorded him or her in this 
subparagraph, the President of the Court shall consult the parties to the dispute. 

(e) If the President of the International Court of Justice is unable to perform the functions accorded 
him or her in subparagraph (d) above or is a national of a party to the dispute, the functions shall 
be performed by the Vice-President of the Court, except that if the Vice-President is unable to 
perform the functions or is a national of a party to the dispute the functions shall be performed by 
the next most senior member of the Court who is available and is not a national of a party to the 
dispute. 

2. Any vacancy shall be filled in the manner prescribed for the initial appointment. 

3. In any dispute involving more than two Parties, those Parties having the same interest shall appoint 
one Arbitrator by agreement within the period specified in paragraph 1 (b) above. 

Article 4 

The party to the dispute commencing proceedings shall so notify the other party or parties to the dispute and 
the Secretary in writing. Such notification shall include a statement of the claim and the grounds on which it 
is based. The notification shall be transmitted by the Secretary to all Parties. 

Article 5 

1. Unless the parties to the dispute agree otherwise, arbitration shall take place at The Hague, where the 
records of the Arbitral Tribunal shall be kept. The Arbitral Tribunal shall adopt its own rules of 
procedure. Such rules shall ensure that each party to the dispute has a full opportunity to be heard and 
to present its case and sh~ll also ensure that the proceedings are conducted expeditiously. 

2. The Arbitral Tribunal may hear and decide counterclaims arising out of the dispute. 

Article 6 

1. The Arbitral Tribunal, where it considers that prima facie it has jurisdiction under the Protocol, may: 
(a) at the request of any party to a dispute, indicate such provisional measures as it considers 

necessary to preserve the respective rights of the parties to the dispute; 
(b) prescribe any provisional measures which it considers appropriate under the circumstances to 

prevent serious harm to the Antarctic environment or dependent or associated ecosystems. 

2. The parties to the dispute shall comply promptly with any provisional measures prescribed under 
paragraph 1 (b) above pending an award under Article 10. 

3. Notwithstanding the time period in Article 20 of the Protocol, a party to a dispute may at any time, 
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by notification to the other party or parties to the dispute and to the Secretary in accordance with 
Article 4, request that the Arbitral Tribunal be constituted as a matter of exceptional urgency to 
indicate or prescribe emergency provisional measures in accordance with this Article. In such case, the 
Arbitral Tribunal shall be constituted as soon as possible in accordance with Article 3, except that the 
time periods in Article 3 (1) (b), (c) and (d) shall be reduced to 14 days in each case. The Arbitral 
Tribunal shall decide upon the request for emergency provisional measures within two months of the 
appointment of its Chairperson. 

4 . Following a decision by the Arbitral Tribunal upon a request for emergency provisional measures in 
accordance with paragraph 3 above, settlement of the dispute shall proceed in accordance with Articles 
18, 19 and 20 of the Protocol. 

Article 7 

Any Party which believes it has a legal interest, whether general or individual, which may be substantially 
affected by the award of an Arbitral Tribunal, may, unless the Arbitral Tribunal decides otherwise, intervene 
in the proceedings. 

Article 8 

The parties to the dispute shall facilitate the work of the Arbitral Tribunal and, in particular, in accordance 
with their law and using all means at their disposal, shall provide it with all relevant documents and 
information, and enable it, when necessary, to call witnesses or experts and receive their evidence. 

Article 9 

If one of the parties to the dispute does not appear before the Arbitral Tribunal or fails to defend its case, any 
other party to the dispute may request the Arbitral Tribunal to continue the proceedings and make its award. 

Article 10 

1. The Arbitral Tribunal shall, on the basis of the provisions of the Protocol and other applicable rules 
and principles of international law that are not incompatible with such provisions, decide such disputes 
as are submitted to it. 

2. The Arbitral Tribunal may decide, ex aequo et bona, a dispute submitted to it, if the parties to the 
dispute so agree. 

Article 11 

1. Before making its award, the Arbitral Tribunal shall satisfy itself that it has competence in respect of 
the dispute and that the claim or counterclaim is well founded in fact and law. 

2. The award shall be accompanied by a statement of reasons for the decision and shall be communicated 
to the Secretary who shall transmit it to all Parties. 

3. The award shall be final and binding on the parties to the dispute and on any Party which intervened in 
the proceedings and shall be complied with without delay. The Arbitral Tribunal shall interpret the 
award at the request of a party to the dispute or of any intervening Party. 

4. The award shall have no binding force except in respect of that particular case. 

5. Unless the Arbitral Tribunal decides otherwise, the expenses of the Arbitral Tribunal, including the 
remuneration of the Arbitrators, shall be borne by the parties to the dispute in equal shares. 

Article 12 

All decisions of the Arbitral Tribunal, including those referred to in Articles 5, 6 and 11 , shall be made by a 
majority of the Arbitrators who may not abstain from voting. 
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Article 13 

1. This Schedule may be amended or modified by a measure adopted in accordance with Article IX (1) of 
the Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of 
that period or that it is unable to approve the measure. 

2. Any amendment or modification of this Schedule which becomes effective in accordance with 
paragraph 1 above shall thereafter become effective as to any other Party when notice of approval by it 
has been received by the Depositary. 

ANNEX I 
TO THE PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE 

ANTARCTIC TREATY 

ENVIRONMENTAL IMPACT ASSESSMENT 

ARTICLE 1 
PRELIMINARY STAGE 

1. The environmental impacts of proposed activities referred to in Article 8 of the Protocol shall, before 
their commencement, be considered in accordance with appropriate national procedures. 

2. If an activity is determined as having less than a minor or transitory impact, the activity may proceed 
forthwith. 

ARTICLE 2 
INITIAL ENVIRONMENTAL EVALUATION 

1. Unless it has been determined that an activity will have less than a minor or transitory impact, or 
unless a Comprehensive Environmental Evaluation is being prepared in accordance with Article 3, an 
Initial Environmental Evaluation shall be prepared. It shall contain sufficient detail to assess whether 
a proposed activity may have more than a minor or transitory impact and shall include: 

(a) a description of the proposed activity, including its purpose, location, duration and intensity; and 
(b) consideration of alternatives to the proposed activity and any impacts that the activity may have, 

including consideration of cumulative impacts in the light of existing and known planned 
activities. 

2. If an Initial Environmental Evaluation indicates that a proposed activity is likely to have no more than 
a minor or transitory impact, the activity may proceed, provided that appropriate procedures, which 
may include monitoring, are put in place to assess and verify the impact of the activity. 

ARTICLE 3 
COMPREHENSIVE ENVIRONMENTAL EVALUATION 

1. If an Initial Environmental Evaluation indicates or if it is otherwise determined that a proposed activity 
is likely to have more than a minor or transitory impact, a Comprehensive Environmental Evaluation 
shall be prepared. 

2. A Comprehensive Environmental Evaluation shall include: 
(a) a description of the proposed activity including its purpose, location, duration and intensity, and 

possible alternatives to the activity, including the alternative of not proceeding, and the 
consequences of those alternatives; 

(b) a description of the initial environmental reference state with which predicted changes are to be 
compared and a prediction of the future environmental reference state in the absence of the 
proposed activity; 

(c) a description of the methods and data used to forecast the impacts of the proposed activity; 

245 



Appendix 2 The Protocol 

(d) estimation of the nature, extent, duration, and intensity of the likely direct impacts of the 
proposed activity; 

(e) consideration of possible indirect or second order impacts of the proposed activity; 
(f) consideration of cumulative impacts of the proposed activity in the light of existing activities and 

other known planned activities; 
(g) identification of measures, including monitoring programmes, that could be taken to minimise or 

mitigate impacts of the proposed activity and to detect unforeseen impacts and that could provide 
early warning of any adverse effects of the activity as well as to deal promptly and effectively with 
accidents; 

(h) identification of unavoidable impacts of the proposed activity; 
(i) consideration of the effects of the proposed activity on the conduct of scientific research and on 

other existing uses and values; 
(j) an identification of gaps in knowledge and uncertainties encountered in compiling the information 

required under this paragraph; 
(k) a non-technical summary of the information provided under this paragraph; and 
(1) the name and address of the person or organization which prepared the Comprehensive 

Environmental Evaluation and the address to which comments thereon should be directed. 

3. The draft Comprehensive Environmental Evaluation shall be made publicly available and shall be 
circulated to all Parties, which shall also make it publicly available, for comment. A period of 90 
days shall be allowed for the receipt of comments. 

4. The draft Comprehensive Environmental Evaluation shall be forwarded to the Committee at the same 
time as it is circulated to the Parties, and at least 120 days before the next Antarctic Treaty 
Consultative Meeting, for consideration as appropriate. 

5. No final decision shall be taken to proceed with the proposed activity in the Antarctic Treaty area 
unless there has been an opportunity for consideration of the draft Comprehensive Environmental 
Evaluation by the Antarctic Treaty Consultative Meeting on the advice of the Committee, provided 
that no decision to proceed with a proposed activity shall be delayed through the operation of this 
paragraph for longer than 15 months from the date of circulation of the draft Comprehensive 
Environmental Evaluation. 

6. A final Comprehensive Environmental Evaluation shall address and shall include or summarise 
comments received on the draft Comprehensive Environmental Evaluation. The final Comprehensive 
Environmental Evaluation, notice of any decisions relating thereto, and any evaluation of the 
significance of the predicted impacts in relation to the advantages of the proposed activity, shall be 
circulated to all Parties, which shall also make them publicly available, at least 60 days before the 
commencement of the proposed activity in the Antarctic Treaty area. 

ARTICLE 4 
DECISIONS TO BE BASED ON COMPREHENSIVE ENVIRONMENTAL EVALUATIONS 

Any decision on whether a proposed activity, to which Article 3 applies, should proceed, and, if so, whether 
in its original or in a modified form, shall be based on the Comprehensive Environmental Evaluation as well 
as other relevant considerations. 

ARTICLE 5 
MONITORING 

1. Procedures shall be put in place, including appropriate monitoring of key environmental indicators, to 
assess and verify the impact of any activity that proceeds following the completion of a 
Comprehensive Environmental Evaluation. 

2. The procedures referred to in paragraph 1 above and in Article 2 (2) shall be designed to provide a 
regular and verifiable record of the impacts of the activity in order, inter alia, to: 

(a) enable assessments to be made of the extent to which such impacts are consistent with the 
Protocol; and 

(b) provide information useful for minimising or mitigating impacts, and, where appropriate, 
information on the need for suspension, cancellation or modification of the activity. 
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ARTICLE 6 
CIRCULATION OF INFORMATION 

The Protocol 

1. The following information shall be circulated to the Parties, forwarded to the Committee and made 
publicly available: 

(a) a description of the procedures referred to in Article 1; 
(b) an annual list of any Initial Environmental Evaluations prepared in accordance with Article 2 and 

any decisions taken in consequence thereof; 
(c) significant information obtained, and any action taken in consequence thereof, from procedures put 

in place in accordance with Articles 2 (2) and 5; and 
(d) information referred to in Article 3 (6). 

2. Any Initial Environmental Evaluation prepared in accordance with Article 2 shall be made available on 
request. 

ARTICLE 7 
CASES OF EMERGENCY 

1. This Annex shall not apply in cases of emergency relating to the safety of human life or of ships, 
aircraft or equipment and facilities of high value, or the protection of the environment, which require 
an activity to be undertaken without completion of the procedures set out in this Annex. 

2. Notice of activities undertaken in cases of emergency, which would otherwise have required preparation 
of a Comprehensive Environmental Evaluation, shall be circulated immediately to all Parties and to 
the Committee and a full explanation of the activities carried out shall be provided within 90 days of 
those activities. 

ARTICLE 8 
AMENDMENT OR MODIFICATION 

1. This Annex may be amended or modified by a measure adopted in accordance with Article IX (1) of the 
Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notifies the Depositary, within that period, that it wishes an extension of that 
period or that it is unable to approve the measure. 

2. Any amendment or modification of this Annex which becomes effective in accordance with paragraph 
1 above shall thereafter become effective as to any other Party when notice of approval by it has been 
received by the Depositary. 

ANNEX II 
TO THE PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE 

ANTARCTIC TREATY 

CONSERVATION OF ANTARCTIC FAUNA AND FLORA 

For the purposes of this Annex: 

ARTICLE 1 
DEFINITIONS 

(a) "native mammal" means any member of any species belonging to the Class Mammalia, 
indigenous to the Antarctic Treaty area or occurring there seasonally through natural migrations; 

(b) "native bird" means any member, at any stage of its life cycle (including eggs), of any species of 
the Class Aves indigenous to the Antarctic Treaty area or occurring there seasonally through 
natural migrations; 

(c) "native plant" means any terrestrial or freshwater vegetation, including bryophytes, lichens, fungi 
and algae, at any stage of its life cycle (including seeds, and other propagules), indigenous to the 
Antarctic Treaty area; 

(d) "native invertebrate" means any terrestrial or freshwater invertebrate, at any stage of its life cycle, 
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indigenous to the Antarctic Treaty area; 
(e) "appropriate authority" means any person or agency authorized by a Party to issue permits under 

this Annex; 
(t) "permit" means a formal permission in writing issued by an appropriate authority; 
(g) "take" or "taking" means to kill, injure, capture, handle or molest, a native mammal or bird, or to 

remove or damage such quantities of native plants that their local distribution or abundance would 
be significantly affected; 

(h) "harmful interference" means: 

(i) 

(i) flying or landing helicopters or other aircraft in a manner that disturbs concentrations of 
birds and seals; 

(ii) using vehicles or vessels, including hovercraft and small boats, in a manner that disturbs 
concentrations of birds and seals; 

(iii) 

(iv) 

(v) 

using explosives or firearms in a manner that disturbs concentrations of birds and seals; 
wilfully disturbing breeding or moulting birds or concentrations of birds and seals by 
persons on foot; 

significantly damaging concentrations of native terrestrial plants by landing aircraft, driving 
vehicles, or walking on them, or by other means; and 

(vi) any activity that results in the significant adverse modification of habitats of any species or 
population of native mammal, bird, plant or invertebrate. 

"International Convention for the Regulation of Whaling" means the Convention done at 
Washington on 2 December 1946. 

ARTICLE 2 
CASES OF EMERGENCY 

1. This Annex shall not apply in cases of emergency relating to the safety of human life or of ships, 
aircraft, or equipment and facilities of high value, or the protection of the environment. 

2. Notice of activities undertaken in cases of emergency shall be circulated immediately to all Parties and 
to the Committee. 

ARTICLE 3 
PROTECTION OF NATIVE FAUNA AND FLORA 

1. Taking or harmful interference shall be prohibited, except in accordance with a permit. 

2. Such permits shall specify the authorized activity, including when, where and by whom it is to be 
conducted and shall be issued only in the following circumstances: 

(a) to provide specimens for scientific study or scientific information; 
(b) to provide specimens for museums, herbaria, zoological and botanical gardens, or other 

educational or cultural institutions or uses; and 
(c) to provide for unavoidable consequences of scientific activities not otherwise authorized under sub

paragraphs (a) or (b) above, or of the construction and operation of scientific support facilities. 

3. The issue of such permits shall be limited so as to ensure that: 
(a) no more native mammals, birds, or plants are taken than are strictly necessary to meet the 

purposes set forth in paragraph 2 above; 
(b) only small numbers of native mammals or birds are killed and in no case more native mammals 

or birds are killed from local populations than can, in combination with other permitted takings, 
normally be replaced by natural reproduction in the following season'; and 

(c) the diversity of species, as well as the habitats essential to their existence, and the balance of the 
ecological systems existing within the Antarctic Treaty are maintained. 

4. Any species of native mammals, birds and plants listed in Appendix A to this Annex shall be 
designated "Specially Protected Species", and shall be accorded special protection by the Parties. 

5. A permit shall not be issued to take a Specially Protected Species unless the taking: 
(a) is for a compelling scientific purpose; 
(b) will not jeopardize the survival or recovery of that species or local population; and 
(c) uses non-lethal techniques where appropriate. 
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6. All taking of native mammals and birds shall be done in the manner that involves the least degree of 
pain and suffering practicable. 

ARTICLE 4 
INTRODUCTION OF NON-NATIVE SPECIES, PARASITES AND DISEASES 

1. No species of animal or plant not native to the Antarctic Treaty area shall be introduced onto land or 
ice shelves, or into water in the Antarctic Treaty area except in accordance with a permit. 

2. Dogs shall not be introduced onto land or ice shelves and dogs currently in those areas shall be 
removed by April 1, 1994. 

3. Permits under paragraph 1 above shall be issued to allow the importation only of the animals and 
plants listed in Appendix B to this Annex and shall specify the species, numbers and, if appropriate, 
age and sex and precautions to be taken to prevent escape or contact with native fauna and flora. 

4 . Any plant or animal for which a permit has been issued in accordance with paragraphs 1 and 3 above, 
shall, prior to expiration of the permit, be removed from the Antarctic Treaty area or be disposed of by 
incineration or equally effective means that eliminates risk to native fauna or flora. The permit shall 
specify this obligation. Any other plant or animal introduced into the Antarctic Treaty area not native 
to that area, including any progeny, shall be removed or disposed of, by incineration or by equally 
effective means, so as to be rendered sterile, unless it is determined that they pose no risk to native 
flora or fauna. 

5. Nothing in this Article shall apply to the importation of food into the Antarctic Treaty area provided 
that no live animals are imported for this purpose and all plants and animal parts and products are kept 
under carefully controlled conditions and disposed of in accordance with Annex ill to the Protocol and 
Appendix C to this Annex. 

6. Each Party shall require that precautions, including those listed in Appendix C to this Annex, be taken 
to prevent the introduction of micro-organisms (e.g., viruses, bacteria, parasites, yeasts, fungi) not 
present in the native fauna and flora. 

ARTICLE 5 
INFORMATION 

Each Party shall prepare and make available information setting forth, in particular, prohibited activities and 
providing lists of Specially Protected Species and relevant Protected Areas to all those persons present in or 
intending to enter the Antarctic Treaty area with a view to ensuring that such persons understand and observe 
the provisions of this Annex. 

ARTICLE 6 
EXCHANGE OF INFORMATION 

1. The Parties shall make.arrangements for: 
(a) collecting and exchanging records (including records of permits) and statistics concerning the 

numbers or quantities of each species of native mammal, bird or plant taken annually in the 
Antarctic Treaty area; 

(b) obtaining and exchanging information as to the status of native mammals, birds, plants, and 
invertebrates in the Antarctic Treaty area, and the extent to which any species or population needs 
protection; 

(c) establishing a common form in which this information shall be submitted by Parties in 
accordance with paragraph 2 below. 

2. Each Party shall inform the other Parties as well as the Committee before the enci of November of 
each year of any step taken pursuant to paragraph 1 above and of the number and nature of permits 
issued under this Annex in the preceding period of 1st July to 30th June. 
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ARTICLE 7 
RELATIONSHIP WITH OTHER AGREEMENTS OUTSIDE THE ANTARCTIC TREATY SYSTEM 

Nothing in this Annex shall derogate from the rights and obligations of Parties under the International 
Convention for the Regulation of Whaling. 

ARTICLE 8 
REVIEW 

The Parties shall keep under continuing review measures for the conservation of Antarctic fauna and flora, 
taking into account any recommendations from the Committee. 

ARTICLE 9 
AMENDMENT OR MODIFICATION 

1. This Annex may be amended or modified by a measure adopted in accordance with Article IX (1) of the 
Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of 
that period or that it is unable to approve the measure. 

2. Any amendment or modification of this Annex which becomes effective in accordance with paragraph 
1 above shall thereafter become effective as to any other Party when notice of approval by it has been 
received by the Depositary. 

APPENDICES TO THE ANNEX 

APPENDIX A: 

SPECIALLY PROTECTED SPECIES 

All species of the genus Arctocephalus, Fur Seals. Ommatophoca rossii, Ross Seal. 

APPENDIX B: 

IMPORTATION OF ANIMALS AND PLANTS 

The following animals and plants may be imported into the Antarctic Treaty area in accordance with permits 
issued under Article 4 of this Annex: 

(a) domestic plants; and 
(b) laboratory animals and plants including viruses, bacteria, yeasts and fungi. 

APPENDIX C: 
PRECAUTIONS .TO PREVENT INTRODUCTIONS OF MICRO-ORGANISMS 

1. Poultry. No live poultry or other living birds shall be brought into the Antarctic Treaty area. Before 
dressed poultry is packaged for shipment to the Antarctic Treaty area, it shall be inspected for evidence 
of disease, such as Newcastle's Disease, tuberculosis, and yeast infection. Any poultry or parts not 
consumed shall be removed from the Antarctic Treaty area or disposed of by incineration or equivalent 
means that eliminates risks to native flora and fauna. 

2. The importation of non-sterile soil shall be avoided to the maximum extent practicable. 
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ANNEX III 
TO THE PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE 

ANTARCTIC TREATY 

WASTE DISPOSAL AND WASTE MANAGEMENT 

ARTICLE 1 
GENERAL OBLIGATIONS 

1. This Annex shall apply to activities undertaken in the Antarctic Treaty area pursuant to scientific 
research programmes, tourism and all other governmental and non-governmental activities in the 
Antarctic Treaty area for which advance notice is required under Article VII (5) of the Antarctic Treaty, 
including associated logistic support activities. 

2. The amount of wastes produced or disposed of in the Antarctic Treaty area shall be reduced as far as 
practicable so as to minimise impact on the Antarctic environment and to minimise interference with 
the natural values of Antarctica, with scientific research and with other uses of Antarctica which are 
consistent with the Antarctic Treaty. 

3. Waste storage, disposal and removal from the Antarctic Treaty area, as well as recycling and source 
reduction, shall be essential considerations in the planning and conduct of activities in the Antarctic 
Treaty area. 

4. Wastes removed from the Antarctic Treaty area shall, to the maximum extent practicable, be returned 
to the country from which the activities generating the waste were organized or to any other country in 
which arrangements have been made for the disposal of such wastes in accordance with relevant 
international agreements. 

5. Past and present waste disposal sites on land and abandoned work sites of Antarctic activities shall be 
cleaned up by the generator of such wastes and the user of such sites. This obligation shall not be 
interpreted as requiring: 

(a) the removal of any structure designated as a historic site or monument; or 
(b) the removal of any structure or waste material in circumstances where the removal by any 

practical option would result in greater adverse environmental impact than leaving the structure or 
waste material in its existing location. 

ARTICLE 2 
WASTE DISPOSAL BY REMOVAL FROM THE ANTARCTIC TREATY AREA 

1. The following wastes, if generated after entry into force of this Annex, shall be removed from the 
Antarctic Treaty area by the generator of such wastes: 

(a) radio-active materials; 
(b) electrical batteries; 
(c) fuel, both liquid and solid; 
(d) wastes containing harmful levels of heavy metals or acutely toxic or harmful persistent 

compounds; 
(e) poly-vinyl chloride (PVC), polyurethane foam, polystyrene foam, rubber and lubricating oils, 

treated timbers and other products which contain additives that could produce harmful emissions if 
incinerated; 

(t) all other plastic wastes, except low density polyethylene containers (such as bags for storing 
wastes), provided that such containers shall be incinerated in accordance with Article 3 (1); 

(g) fuel drums; and 
(h) other solid, non-combustible wastes; 

provided that the obligation to remove drums and solid non-combustible wastes contained in 
subparagraphs (g) and (h) above shall not apply in circumstances where the removal of such wastes by 
any practical option would result in greater adverse environmental impact than leaving them in their 
existing locations. 

2. Liquid wastes which are not covered by paragraph 1 above and sewage and domestic liquid wastes, 
shall, to the maximum extent practicable, be removed from the Antarctic Treaty area by the generator 
of such wastes. 
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3. The following wastes shall be removed from the Antarctic Treaty area by the generator of such wastes, 
unless incinerated, autoclaved or otherwise treated to be made sterile: 

(a) residues of carcasses of imported animals; 
(b) laboratory culture of micro-organisms and plant pathogens; and 
(c) introduced avian products. 

ARTICLE 3 
WASTE DISPOSAL BY INCINERATION 

1. Subject to paragraph 2 below, combustible wastes, other than those referred to in Article 2 (1), which 
are not removed from the Antarctic Treaty area shall be burnt in incinerators which to the maximum 
extent practicable reduce harmful emissions. Any emission standards and equipment guidelines which 
may be recommended by, inter alia, the Committee and the Scientific Committee on Antarctic 
Research shall be taken into account. The solid residue of such incineration shall be removed from the 
Antarctic Treaty area. 

2 . All open burning of wastes shall be phased out as soon as practicable, but no later than the end of the 
1998/1999 season. Pending the completion of such phase-out, when it is necessary to dispose of 
wastes by open burning, allowance shall be made for the wind direction and speed and the type of 
wastes to be burnt to limit particulate deposition and to avoid such deposition over areas of special 
biological, scientific, historic, aesthetic or wilderness significance including, in particular, areas 
accorded protection under the Antarctic Treaty. 

ARTICLE 4 
OTHER WASTE DISPOSAL ON LAND 

1. Wastes not removed or disposed of in accordance with Articles 2 and 3 shall not be disposed of onto 
ice-free areas or into fresh water systems. 

2. Sewage, domestic liquid wastes and other liquid wastes not removed from the Antarctic Treaty area in 
accordance with Article 2, shall, to the maximum extent practicable, not be disposed of onto sea ice, 
ice shelves or the grounded ice-sheet, provided that such wastes which are generated by stations located 
inland on ice shelves or on the grounded ice-sheet may be disposed of in deep ice pits where such 
disposal is the only practicable option. Such pits shall not be located on known ice-flow lines which 
terminate at ice-free areas or in areas of high ablation. 

3. Wastes generated at field camps shall, to the maximum extent practicable, be removed by the generator 
of such wastes to supporting stations or ships for disposal in accordance with this Annex. 

ARTICLE 5 
DISPOSAL OF WASTE IN THE SEA 

1. Sewage and domestic liquid wastes may be discharged directly into the sea, taking into account the 
assimilative capacity of the receiving marine environment and provided that: 

(a) such discharge is located, wherever practicable, where conditions exist for initial dilution and rapid 
dispersal; and 

(b) large quantities of such wastes (generated in a station where the average weekly occupancy over 
the austral summer is approximately 30 individuals or more) shall be treated at least by 
maceration. 

2. The by-product of sewage treatment by the Rotary Biological Contacter process or similar processes 
may be disposed of into the sea provided that such disposal does not adversely affect the local 
environment, and provided also that any such disposal at sea shall be in accordance with Annex IV to 
the Protocol. 

ARTICLE 6 
STORAGE OF WASTE 

All wastes to be removed from the Antarctic Treaty area, or otherwise disposed of, shall be stored in such a 
way as to prevent their dispersal into the environment. 
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ARTICLE 7 
PROHIBITED PRODUCTS 

No polychlorinated biphenyls (PCBs), non-sterile soil, polystyrene beads, chips or similar forms of packaging, or pesticides (other than those required for scientific, medical or hygiene purposes) shall be introduced onto land or ice shelves or into water in the Antarctic Treaty area. 

ARTICLE 8 
WASTE MANAGEMENT PLANNING 

1. Each Party which itself conducts activities in the Antarctic Treaty area shall, in respect of those activities, establish a waste disposal classification system as a basis for recording wastes and to facilitate studies aimed at evaluating the environmental impacts of scientific activity and associated 
logistic support. To that end, wastes produced shall be classified as: 

(a) sewage and domestic liquid wastes (Group 1); 
(b) other liquid wastes and chemicals, including fuels and lubricants (Group 2); 
(c) solids to be combusted (Group 3); 
(d) other solid wastes (Group 4); and 
(e) radioactive material (Group 5). 

2 . In order to reduce further the impact of waste on the Antarctic environment, each such Party shall prepare and annually review and update its waste management plans (including waste reduction, storage and disposal), specifying for each fixed site, for field camps generally, and for each ship (other than 
small boats that are part of the operations of fixed sites or of ships and taking into account existing management plans for ships): 

(a) programmes for cleaning up existing waste disposal sites and abandoned work sites; 
(b) current and planned waste management arrangements, including final disposal; 
(c) current and planned arrangements for analysing the environmental effects of waste and waste 

management; and 
(d) other efforts to minimise any environmental effects of wastes and waste management. 

3. Each such Party shall, as far as is practicable, also prepare an inventory of locations of past activities (such as traverses, field depots, field bases, crashed aircraft) before the information is lost, so that such locations can be taken into account in planning future scientific programmes (such as snow chemistry, pollutants in lichens or ice core drilling). 

ARTICLE 9 
CIRCULATION AND REVIEW OF WASTE MANAGEMENT PLANS 

1. The waste management plans prepared in accordance with Article 8, reports on their implementation, and the inventories referred to in Article 8 (3), shall be included in the annual exchanges of information in accordance with Articles III and VII of the Antarctic Treaty and related Recommendations under Article IX of the Antarctic Treaty. 

2. Each Party shall send copies of its waste management plans, and reports on their implementation and review, to the Committee. 

3. The Committee may review waste management plans and reports thereon and may offer comments, including suggestions for minimising impacts and modifications and improvement to the plans, for 
the consideration of the Parties. 

4. The Parties may exchange information and provide advice on, inter alia, available low waste technologies, reconversion of existing installations, special requirements for effluents, and appropriate 
disposal and discharge methods. 

Each Party shall: 

ARTICLE 10 
MANAGEMENT PLANS 

(a) designate a waste management official to develop and monitor waste management plans; in the 
field, this responsibility shall be delegated to an appropriate person at each site; 

(b) ensure that members of its expeditions receive training designed to limit the impact of its 
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operations on the Antarctic environment and to inform them of requirements of this Annex; and 
(c) discourage the use of poly-vinyl chloride (PVC) products and ensure that its expeditions to the 

Antarctic Treaty are advised of any PVC products they may introduce into that area in order that 
these products may be removed subsequently in accordance with this Annex. 

ARTICLE 11 
REVIEW 

This Annex shall be subject to regular review in order to ensure that it is updated to reflect improvement in 
waste disposal technology and procedures and to ensure thereby maximum protection of the Antarctic 
environment. 

ARTICLE 12 
CASES OF EMERGENCY 

1. This Annex shall not apply in cases of emergency relating to the safety of human life or of ships, 
aircraft or equipment and facilities of high value or the protection of the environment. 

2. Notice of activities undertaken in cases of emergency shall be circulated immediately to all Parties and 
to the Committee. 

ARTICLE 13 
AMENDMENT OR MODIFICATION 

1. This Annex may be amended or modified by a measure adopted in accordance with Article IX ( 1) of the 
Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of 
that period or that it is unable to approve the amendment. 

2. Any amendment or modification of this Annex which becomes effective in accordance with paragraph 
1 above shall thereafter become effective as to any other Party when notice of approval by it has been 
received by the Depositary. 

ANNEX IV 
TO THE PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE 

ANTARCTIC TREATY 

PREVENTION OF MARINE POLLUTION 

ARTICLE 1 
DEFINITIONS 

For the purposes of this Annex: 
(a) "discharge" means ·any release howsoever caused from a ship and includes any escape, disposal, 

spilling, leaking, pumping, emitting or emptying; 
(b) "garbage" means all kinds of victual, domestic and operational waste excluding fresh fish and parts 

thereof, generated during the normal operation of the ship, except those substances which are 
covered by Articles 3 and 4; · 

(c) "MARPOL 73/78" means the International Convention for the Prevention of Pollution from 
Ships, 1973, as amended by the Protocol of 1978 relating thereto and by any other amendment in 
force thereafter; 

(d) "noxious liquid substance" means any noxious liquid substance as defined in Annex II of 
MARPOL 73/78; 

(e) "oil" means petroleum in any form including crude oil, fuel oil, sludge, oil refuse and refined oil 
products (other than petrochemicals which are subject to the provisions of Article 4); 

(f) "oily mixture" means a mixture with any oil content; and 
(g) "ship" means a vessel of any type whatsoever operating in the marine environment and includes 

hydrofoil boats, air-cushion vehicles, submersibles, floating craft and fixed or floating platforms. 
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ARTICLE 2 
APPLICATION 

This Annex applies, with respect to each Party, to ships entitled to fly its flag and to any other ship engaged in or supporting its Antarctic operations, while operating in the Antarctic Treaty area. 

ARTICLE 3 
DISCHARGE OF OIL 

1. Any discharge into the sea of oil or oily mixture shall be prohibited, except in cases permitted under Annex I of MARPOL 73/78. While operating in the Antarctic Treaty area, ships shall retain on board all sludge, dirty ballast, tank washing waters and other oily residues and mixtures which may not be discharged into the sea. Ships shall discharge these residues only outside the Antarctic Treaty area, at reception facilities or as otherwise permitted under Annex I of MARPOL 73/78. 

2. This Article shall not apply to: 
(a) the discharge into the sea of oil or oily mixture resulting from damage to a ship or its equipment: 

(i) provided that all reasonable precautions have been taken after the occurrence of the damage or discovery of the discharge for the purpose of preventing or minimising the discharge; and 
(ii) except if the owner or the Master acted either with intent to cause damage, or recklessly and 

with the knowledge that damage would probably result; or 
(b) the discharge into the sea of substances containing oil which are being used for the purpose of combating specific pollution incidents in order to minimise the damage from pollution. 

ARTICLE 4 
DISCHARGE OF NOXIOUS LIQUID SUBSTANCES 

The discharge into the sea of any noxious liquid substance, and any other chemical or other substances, in quantities or concentrations that are harmful to the marine environment, shall be prohibited. 

ARTICLE 5 
DISPOSAL OF GARBAGE 

1. The disposal into the sea of all plastics, including but not limited to synthetic ropes, synthetic fishing nets, and plastic garbage bags, shall be prohibited. 

2. The disposal into the sea of all other garbage, including paper products, rags, glass, metal, bottles, crockery, incineration ash, dunnage, lining and packing materials, shall be prohibited. 

3. The disposal into the sea of food wastes may be permitted when they have been passed through a comminuter or grinder, provided that such disposal shall, except in cases permitted under Annex V of MARPOL 73/78, be made as far as practicable from land and ice shelves but in any case not less than 12 nautical miles from the nearest land or ice shelf. Such comminuted or ground food wastes shall be capable of passing through a screen with openings no greater than 25 millimeters. 

4. When a substance or material covered by this article is mixed with other such substance or material for discharge or disposal, having different disposal or discharge requirements, the most stringent disposal or discharge requirements shall apply. 

5. The provisions of paragraphs 1 and 2 above shall not apply to: 

6. 

(a) the escape of garbage resulting from damage to a ship or its equipment provided all reasonable precautions have been taken, before and after the occurrence of the damage, for the purpose of preventing or minimising the escape; or 
(b) the accidental loss of synthetic fishing nets, provided all reasonable precautions have been taken to prevent such loss. 

The Parties shall, where appropriate, require the use of garbage record books. 
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ARTICLE 6 
DISCHARGE OF SEWAGE 

1. Except where it would unduly impair Antarctic operations: 

The Protocol 

(a) each Party shall eliminate all discharge into the sea of untreated sewage ("sewage" being defined in 
Annex IV of MARPOL 73/78) within 12 nautical miles of land or ice shelves; 

(b) beyond such distance, sewage stored in a holding tank shall not be discharged instantaneously but 
at a moderate rate and, where practicable, while the ship is en route at a speed of no less than 4 
knots. 

This paragraph does not apply to ships certified to carry not more than 10 persons. 

2. The Parties shall, where appropriate, require the use of sewage record books. 

ARTICLE 7 
CASES OF EMERGENCY 

1. Articles 3, 4, 5 and 6 of this Annex shall not apply in cases of emergency relating to the safety of a 
ship and those on board or saving life at sea. 

2. Notice of activities undertaken in cases of emergency shall be circulated immediately to all Parties and 
to the Committee. 

ARTICLE 8 
EFFECT ON DEPENDENT AND ASSOCIATED ECOSYSTEMS 

In implementing the provisions of this Annex, due consideration shall be given to the need to avoid 
detrimental effects on dependent and associated ecosystems, outside the Antarctic Treaty area. 

ARTICLE 9 
SHIP RETENTION CAPACITY AND RECEPTION F AC/LIT/ES 

1. Each Party shall undertake to ensure that all ships entitled to fly its flag and any other ship engaged in 
or supporting its Antarctic operations, before entering the Antarctic Treaty area, are fitted with a tank 
or tanks of sufficient capacity on board for the retention of all sludge, dirty ballast, tank washing water 
and other oil residues and mixtures, and have sufficient capacity on board for the retention of garbage, 
while operating in the Antarctic Treaty area and have concluded arrangements to discharge such oily 
residues and garbage at a reception facility after leaving that area. Ships shall also have sufficient 
capacity on board for the retention of noxious liquid substances. 

2 . Each Party at whose ports ships depart en route to or arrive from the Antarctic Treaty area undertakes 
to ensure that as soon as practicable adequate facilities are provided for the reception of all sludge, dirty 
ballast, tank washing water, other oily residues and mixtures, and garbage from ships, without causing 
undue delay, and according to the needs of the ships using them. 

3. Parties operating ships which depart to or arrive from the Antarctic Treaty area at ports of other Parties 
shall consult with those Parties with a view to ensuring that the establishment of port reception 
facilities does not plac~ an inequitable burden on Parties adjacent to the Antarctic Treaty area. 

ARTICLE 10 
DESIGN, CONSTRUCTION, MANNING AND EQUIPMENT OF SHIPS 

In the design, construction, manning and equipment of ships engaged in or supporting Antarctic operations, 
each Party shall take into account the objectives of this Annex. 

ARTICLE 11 
SOVEREIGN IMMUNITY 

1. This Annex shall not apply to any warship, naval auxiliary or other ship owned or operated by a State 
and used, for the time being, only on government non-commercial service. However, each Party shall 
ensure by the adoption of appropriate measures not impairing the operations or operational capabilities 
of such ships owned or operated by it, that such ships act in a manner consistent, so far as is 
reasonable and practicable, with this Annex. 
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2. In applying paragraph 1 above, each Party shall take into account the importance of protecting the 
Antarctic environment. 

3. Each Party shall inform the other Parties of how it implements this provision. 

4. The dispute settlement procedure set out in Articles 18 to 20 of the Protocol shall not apply to this 
Article. 

ARTICLE 12 
PREVENTIVE MEASURES AND EMERGENCY PREPAREDNESS AND RESPONSE 

1. In order to respond more effectively to marine pollution emergencies or the threat thereof in the 
Antarctic Treaty area, the Parties, in accordance with Article 15 of the Protocol, shall develop 
contingency plans for marine pollution response in the Antarctic Treaty area, including contingency 
plans for ships (other than small boats that are part of the operations of fixed sites or of ships) 
operating in the Antarctic Treaty area, particularly ships carrying oil as cargo, and for oil spills, 
originating from coastal installations, which enter into the marine environment. To this end they 
shall: 

(a) co-operate in the formulation and implementation of such plans; and 
(b) draw on the advice of the Committee, the International Maritime Organization and other 

international organizations. 

2. The Parties shall also establish procedures for cooperative response to pollution emergencies and shall 
take appropriate response actions in accordance with such procedures. 

ARTICLE 13 
REVIEW 

The Parties shall keep under continuous review the provisions of this Annex and other measures to prevent, 
reduce and respond to pollution of the Antarctic marine environment, including any amendments and new 
regulations adopted under MARPOL 73/78, with a view to achieving the objectives of this Annex. 

ARTICLE 14 
RELATIONSHIP WITH MARPOL 73/78 

With respect to those Parties which are also Parties to MARPOL 73/78, nothing in this Annex shall 
derogate from the specific rights and obligations thereunder. 

ARTICLE 15 
AMENDMENT OR MODIFICATION 

1. This Annex may be amended or modified by a measure adopted in accordance with Article IX (1) of the 
Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notjfies the Depositary, within that time period, that it wishes an extension of 
that period or that it is unable to approve the measure. 

2. Any amendment or modification of this Annex which becomes effective in accordance with paragraph 
1 above shall thereafter become effective as to any other Party when notice of approval by it has been 
received by the Depositary. 
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ANNEX V 
TO THE PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE 

ANTARCTIC TREATY 

AREA PROTECTION AND MANAGEMENT 

ARTICLE 1 
DEFINITIONS 

For the purposes of this Annex: 
(a) "appropriate authority" means any person or agency authorized by a Party to issue permits under 

this Annex; 
(b) "permit" means a formal permission in writing issued by an appropriate authority; 
(c) "Management Plan" means a plan to manage the activities and protect the special value or values 

in an Antarctic Specially Protected Area or an Antarctic Specially Managed Area. 

ARTICLE 2 
OBJECTIVES 

For the purposes set out in this Annex, any area, including any marine area, may be designated as an 
Antarctic Specially Protected Area or an Antarctic Specially Managed Area. Activities in those Areas shall 
be prohibited, restricted or managed in accordance with Management Plans adopted under the provisions of 
this Annex. 

ARTICLE 3 
ANTARCTIC SPECIALLY PROTECTED AREAS 

1. Any area, including any marine area, may be designated as an Antarctic Specially Protected Area to 
protect outstanding environmental, scientific, historic, aesthetic or wilderness values, any combination 
of those values, or ongoing or planned scientific research. 

2. Parties shall seek to identify, within a systematic environmental-geographical framework, and to 
include in the series of Antarctic Specially Protected Areas: 

(a) areas kept inviolate from human interference so that future comparisons may be possible with 
localities that have been affected by human activities; 

(b) representative examples of major terrestrial, including glacial and aquatic, ecosystems and marine 
ecosystems; 

(c) areas with important or unusual assemblages of species, including major colonies of breeding 
native birds or mammals; 

(d) the type locality or only known habitat of any species; 
(e) areas of particular interest to on-going or planned scientific research; 
(f) examples of outstanding geological, glaciological or geomorphological features; 
(g) areas of outstanding aesthetic and wilderness value; 
(h) sites or monuments of recognized historic value; and 
(i) such other areas as may be appropriate to protect the values set out in paragraph 1 above. 

3. Specially Protected Areas and Sites of Special Scientific Interest designated as such by past Antarctic 
Treaty Consultative Meetings are hereby designated as Antarctic Specially Protected Areas and shall be 
renamed and renumbered accordingly. 

4 . Entry into an Antarctic Specially Protected Area shall be prohibited except in accordance with a permit 
issued under Article 7. 

ARTICLE 4 
ANTARCTIC SPECIALLY MANAGED AREAS 

1. Any area, including any marine area, where activities are being conducted or may in the future be 
conducted, may be designated as an Antarctic Specially Managed Area to assist in the planning and co
ordination of activities, avoid possible conflicts, improve co-operation between Parties or minimize 
environmental impacts. 

258 



Appendix 2 The Protocol 

2. Antarctic Specially Managed Areas may include: 
(a) areas where activities pose risks of mutual interference or cumulative environmental impacts; and 
(b) sites or monuments of recognized historic value. 

3. Entry into an Antarctic Specially Managed Area shall not require a permit. 

4. Notwithstanding paragraph 3 above, an Antarctic Specially Managed Area may contain one or more 
Antarctic Specially Protected Areas, entry into which shall be prohibited except in accordance with a 
permit issued under Article 7. 

ARTICLE 5 
MANAGEMENT PLANS 

1. Any Party, the Committee, the Scientific Committee for Antarctic Research or the Commission for 
the Conservation of Antarctic Marine Living Resources may propose an area for designation as an 
Antarctic Specially Protected Area or an Antarctic Specially Managed Area by submitting a proposed 
Management Plan to the Antarctic Treaty Consultative Meeting. 

2. The area proposed for designation shall be of sufficient size to protect the values for which the special 
protection or management is required. 

3. Proposed Management Plans shall include, as appropriate: 
(a) a description of the value or values for which special protection or management is required; 
(b) a statement of the aims and objectives of the Management Plan for the protection or management 

of those values; 
(c) management activities which are to be undertaken to protect the values for which special 

protection or management is required; 
(d) a period of designation, if any; 
(e) a description of the area, including: 

(i) the geographical co-ordinates, boundary markers and natural features that delineate the area; 

(ii) access to the area by land, sea or air including marine approaches and anchorages, pedestrian 
and vehicular routes within the area, and aircraft routes and landing areas; 

(iii) the location of structures, including scientific stations, research or refuge facilities, both 
within the area and near to it; and 

(iv) the location in or near the area of other Antarctic Specially Protected Areas or Antarctic 
Specially Managed Areas designated under this Annex, or other protected areas designated in 
accordance with measures adopted under other components of the Antarctic Treaty system; 

(f) the identification of zones within the area, in which activities are to be prohibited, restricted or 
managed for the purpose of achieving the aims and objectives referred to in subparagraph (b) 
above; 

(g) maps and photographs that show clearly the boundary of the area in relation to surrounding 
features and key features within the area; 

(h) supporting documentation; 
(i) in respect of an area proposed for designation as an Antarctic Specially Protected Area, a clear 

description of the conditions under which permits may be granted by the appropriate authority 
regarding: 

(i) access to and movement within or over the area; 

(ii) activities which are or may be conducted within the area, including restrictions on time and 
place; 

(iii) the installation, modification, or removal of structures; 

(iv) the location of field camps; 

(v) restrictions on materials and organisms which may be brought into the area; 

(vi) the taking of or harmful interference with native flora and fauna; 

(vii) the collection or removal of anything not brought into the area by the permit holder; 

(viii) the disposal of waste; 

(ix) measures that may be necessary to ensure that the aims and objectives of the Management 
Plan can continue to be met; and 

(x) requirements for reports to be made to the appropriate authority regarding visits to the area; 
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(j) in respect of an area proposed for designation as an Antarctic Specially Managed Area, a code of 
conduct regarding: 

(i) access to and movement within or over the area; 
(ii) activities which are or may be conducted within the area, including restrictions on time and 

place; 

(iii) the installation, modification, or removal of structures; 
(iv) the location of field camps; 
(v) the taking of or harmful interference with native flora and fauna; 
(vi) the collection or removal of anything not brought into the area by the visitor; 
( vii) the disposal of waste; and 
(viii) any requirements for reports to be made to the appropriate authority regarding visits to the 

area; and 
(k) provisions relating to the circumstances in which Parties should seek to exchange information in advance of activities which they propose to conduct. 

ARTICLE 6 
DESIGNATION PROCEDURES 

1. Proposed Management Plans shall be forwarded to the Committee, the Scientific Committee on Antarctic Research and, as appropriate, to the Commission for the Conservation of Antarctic Marine Living Resources. In formulating its advice to the Antarctic Treaty Consultative Meeting, the Committee shall take into account any comments provided by the Scientific Committee on Antarctic Research and, as appropriate, by the Commission for the Conservation of Antarctic Marine Living Resources. Thereafter, Management Plans may be approved by the Antarctic Treaty Consultative Parties by a measure adopted at an Antarctic Treaty Consultative Meeting in accordance with Article IX(l) of the Antarctic Treaty. Unless the measure specifies otherwise, the Plan shall be deemed to 
have been approved 90 days after the close of the Antarctic Treaty Consultative Meeting at which it was adopted, unless one or more of the Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of that period or is unable to approve the measure. 

2. Having regard to the provisions of Articles 4 and 5 of the Protocol, no marine area shall be designated as an Antarctic Specially Protected Area or an Antarctic Specially Managed Area without the prior approval of the Commission for the Conservation of Antarctic Marine Living Resources. 

3. Designation of an Antarctic Specially Protected Area or an Antarctic Specially Managed Area shall be 
for an indefinite period unless the Management Plan provides otherwise. A review of a Management Plan shall be initiated at least every five years. The Plan shall be updated as necessary. 

4. Management Plans may be amended or revoked in accordance with paragraph 1 above. 

5. Upon approval Management Plans shall be circulated promptly by the Depositary to all Parties. The Depositary shall maintain a record of all currently approved Management Plans. 

ARTICLE 7 
PERMITS 

1. Each Party shall appoint an appropriate authority to issue permits to enter and engage in activities within an Antarctic Specially Protected Area in accordance with the requirements of the Management Plan relating to that Area. The permit shall be accompanied by the relevant sections of the Management Plan and shall specify the extent and location of the Area, the authorized activities and when, where and by whom the activities are authorized and any other conditions imposed by the Management Plan. 

2. In the case of a Specially Protected Area designated as such by past Antarctic Treaty Consultative Meetings which does not have a Management Plan, the appropriate authority may issue a permit for a compelling scientific purpose which cannot be served elsewhere and which will not jeopardize the natural ecological system in that Area. 

3. Each Party shall require a permit-holder to carry a copy of the permit while in the Antarctic Specially Protected Area concerned. 
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ARTICLE 8 
HISTORIC SITES AND MONUMENTS 

1. Sites or monuments of recognized historic value which have been designated as Antarctic Specially 
Protected Areas or Antarctic Specially Managed Areas, or which are located within such Areas, shall be 
listed as Historic Sites and Monuments. 

2. Any Party may propose a site or monument ofrecognized historic value which has not been designated 
as an Antarctic Specially Protected Area or an Antarctic Specially Managed Area, or which is not 
located within such an Area, for listing as a Historic Site or Monument. The proposal for listing may 
be approved by the Antarctic Treaty Consultative Parties by a measure adopted at an Antarctic Treaty 
Consultative Meeting in accordance with Article IX(l) of the Antarctic Treaty. Unless the measure 
specifies otherwise, the proposal shall be deemed to have been approved 90 days after the close of the 
Antarctic Treaty Consultative Meeting at which it was adopted, unless one or more of the 
Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of 
that period or is unable to approve the measure. 

3. Existing Historic Sites and Monuments which have been listed as such by previous Antarctic Treaty 
Consultative Meetings shall be included in the list of Historic Sites and Monuments under this 
Article. 

4. Listed Historic Sites and Monuments shall not be damaged, removed or destroyed. 

5. The list of Historic Sites and Monuments may be amended in accordance with paragraph 2 above. The 
Depositary shall maintain a list of current Historic Sites and Monuments. 

ARTICLE 9 
INFORMATION AND PUBLICITY 

1. With a view to ensuring that all persons visiting or proposing to visit Antarctica understand and 
observe the provisions of this Annex, each Party shall make available information setting forth, in 
particular: 

(a) the location of Antarctic Specially Protected Areas and Antarctic Specially Managed Areas; 
(b) listing and maps of those Areas; 
(c) the Management Plans, including listings of prohibitions relevant to each Area; 
(d) the location of Historic Sites and Monuments and any relevant prohibition or restriction. 

2. Each Party shall ensure that the location and, if possible, the limits of Antarctic Specially Protected 
Areas, Antarctic Specially Managed Areas and Historic Sites and Monuments are shown on its 
topographic maps, hydrographic charts and in other relevant publications. 

3. Parties shall co-operate to ensure that, where appropriate, the boundaries of Antarctic Specially 
Protected Areas, Antarctic Specially Managed Areas and Historic Sites and Monuments are suitably 
marked on the site. 

ARTICLE 10 
EXCHANGE OF INFORMATION 

1. The Parties shall make arrangements for: 
(a) collecting and exchanging records, including records of permits and reports of visits, including 

inspection visits, to Antarctic Specially Protected Areas and reports of inspection visits to 
Antarctic Specially Managed Areas; · 

(b) obtaining and exchanging information on any significant change or damage to any Antarctic 
Specially Managed Area, Antarctic Specially Protected Area or Historic Site or Monument; and 

(c) establishing common forms in which records and information shall be submitted by Parties in 
accordance with paragraph 2 below. 

2. Each Party shall inform the other Parties and the Committee before the end of November of each year 
of the number and nature of permits issued under this Annex in the preceding period of 1st July to 
30th June. 

3. Each Party conducting, funding or authorizing research or other activities in Antarctic Specially 
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Protected Areas or Antarctic Specially Managed Areas shall maintain a record of such activities and in 
the annual exchange of information in accordance with the Antarctic Treaty shall provide summary 
descriptions of the activities conducted by persons subject to its jurisdiction in such areas in the 
preceding year. 

4. Each Party shall inform the other Parties and the Committee before the end of November each year of 
measures it has taken to implement this Annex, including any site inspections and any steps it has 
taken to address instances of activities in contravention of the provisions of the approved Management 
Plan for an Antarctic Specially Protected Area or Antarctic Specially Managed Area. 

ARTICLE 11 
CASES OF EMERGENCY 

1. The restrictions laid down and authorized by this Annex shall not apply in cases of emergency 
involving safety of human life or of ships, aircraft, or equipment and facilities of high value or the 
protection of the environment. 

2 . Notice of activities undertaken in cases of emergency shall be circulated immediately to all Parties and 
to the Committee. 

ARTICLE 12 
AMENDMENT OR MODIFICATION 

1. This Annex may be amended or modified by a measure adopted in accordance with Article IX(l) of the 
Antarctic Treaty. Unless the measure specifies otherwise, the amendment or modification shall be 
deemed to have been approved, and shall become effective, one year after the close of the Antarctic 
Treaty Consultative Meeting at which it was adopted, unless one or more of the Antarctic Treaty 
Consultative Parties notifies the Depositary, within that time period, that it wishes an extension of 
that period or that it is unable to approve the measure. 

2. Any amendment or modification of this Annex which becomes effective in accordance with paragraph 
1 above shall thereafter become effective as to any other Party when notice of approval by it has been 
received by the Depositary. 

Signatories to the Protocol 

The Protocol was signed in Madrid on 4 October 1991 by Plenipotentiaries of the following States: 

Federal Republic of Germany 
Republic of Argentina 
Australia 
Kingdom of Belgium 
Federative Republic of Brazil 
Republic of Chile 
People's Republic of China 
Republic of Ecuador 
Spain 
United States of America 
Finland 
French Republic 
Italian Republic 
Kingdom of Norway 
New Zealand 
Kingdom of the Netherlands 

Republic of Peru 
Republic of Poland 
United Kingdom of Great Britain and Northern Ireland 
Republic of South Africa 
Kingdom of Sweden 
Union of Soviet Socialist Republics 
Eastern Republic of Uruguay 
Republic of Austria 
Canada 
Helvetic Confederation 
Republic of Columbia 
Democratic People's Republic of Korea 
Hellenic Republic 
Republic of Hungary 
Romania 

The following States, signatory to the Antarctic Treaty, did not sign the Protocol in Madrid: 

Republic of Korea 
Republic of India 
Japan 
Republic of Bulgaria 
Republic of Cuba 

Czech and Slovak Federal Republic 
Kingdom of Denmark 
Republic of Guatemala 
Papua New Guinea 
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Appendix Three 

ATCM Recommendations related to environmental management 

ATCM recommendations related to environmental management classified by category. 

Category 

Environmental Impact 
Assessment 

No. of recommendations: 8 

Ree. No.1 

6.4 
8.11.4, 8.13 
9.5 
12.3 
13.6 
14.2 
14.3 

Conservation of fauna and flora 1.9 

No. of recommendations: 21 

Waste disposal 

No. of recommendations: 5 

Marine pollution 

No. of recommendations: 3 

Special area protection 
generally 
No. of recommendations: 2 

Historic sites. monuments. 
tombs 

No. of recommendations: 11 

Specially Protected Areas 

No. of recommendations: 35 

Sites of Special Scientific 
Interest 

2.2 
3.8-10 
3.11 
4.18-22 
5.8-8 
6.9 
8.10 
9.2 
10.2 
11.2 

8.11 
8.12 
12.4 
13.4 
15.3 

9.6 
10.7 
15.4 

13.5.1 
16.10 

1.9 
5.4 
6.14 
7.9 
11.3 
127 
13.16 
14.8 
15.12, 13 
16.11 

3.8 
4.1-15 
5.5 
6.8, 10 
7.2 
8.1, 2,5 
13.10-14 
15.7 
15.8 
15.9 
16.4 
16.6 
16.8, 9 

7.3 
8.3,4 

Main Purpose 

ouUine of basic concept 
elaboration of concept 
recognition of need for procedures to assess impacts 
elaboration of concept, invite SCAR to advise 
siting of stations and cumulative effects 
EIA planning process formulated in guidelines 
safeguards for scientific drilling and guidelines 

Recognition of need and SCAR code of conduct 
Elaboration, information exchange and call for formal measures 
The Agreed Measures and interim guidelines 
pelagic sealing 
-Agreed Measures, protected species, pelagic sealing 
-Agreed Measures and pelagic sealing 
information exchange on fauna and flora 
marine living resources 
marine living resources 
marine living resources 
marine living resources 

Code of Conduct for Antarctic Expeditions and Station Activities 
disposal of nuclear wastes 
seek advice on effectiveness of Code of Conduct 
Code of Conduct, invite SCAR to provide advice 
Code of Conduct, planning, inventories, specific substances 

oil contamination 
oil contamination 
prevention, control and response to marine pollution 

invite SCAR to provide advice on protected area categories 
Annex V to the Protocol on Environmental Protection 

need for protection and information exchange 
need for list of historic monuments 
marking on site, preparation of list 
Annex lists historic monuments 
declaration of Tomb at Erebus air crash site 
new historic monument 
new historic sites / monuments 
new historic sites / monuments 
new historic sites / monuments and amendment 
new historic sites / monuments 

The Agreed Measures - SPAs incorporated later 
15 SPAs established and incorporated into Agreed Measures 
SPA: Fildes Peninsula - later revoked 
SPA entry permits, new SPA 
SPA review 
new SPA, review, amendment to Agreed Measures: SPA permits 
SPA review, new sites 
re-designation of SPA 11 as 8881 32 
amend Agreed Measures: SPA management plans 
improve content of SPA management plans 
re-designation of 8881 30 as SPA 21 
revision of SPA management plans 
newSPAs 

Sites of Special Scientific Interest category established 
Elaboration of 8881 provisions and designation of first SSSls 

cont... 



Table cont .. . 

Category Ree. No. 

Sites of Special Scientific 10.5,6 
Interest 12.5 

13.7-9 
14.4, 5 
14.6 
15.6, 7 
16.2,3 
16.4 
16.5 
16.7 

No. of recommendations: 19 

Specialll,' Reserved Area 15.10 
No. of recommendations: 1 

Multiple-use Planning Area 15.11 
No. of recommendations: 1 

Human impacts 6.4 
6.5,6 
6.11 
7.1,5 
8.11 
8.13 
9.5 
10.4 
12.3 
13.6 
14.2 
14.3 
15.17 
15.21 

No. of recommendations: 16 

Environmental monitoring 6.4 
8.13 
9.5 
14.2 
15.5 

No. of recommendations: 5 

Tourism 427 
6.7 
6.11 
7.4 
8.9 

10.8 

16.13 
No. of recommendations: 7 

Mineral resource activiti!;l~ 7.6 
8.14 
9.1 
10.1 
11.1 

No. of recommendations: 5 

Exchange of information 1.1,3,6,7,9,13 
2.1 , 4,6 
2.2 
3.1,2 
6.9 
6.12 
8.6 
13.1 

Main Purpose 

management plan for SSSI 8 and SSSI review 
SSSI review 
SSSI review, new sites 
SSSI review, new sites 
Marine SSSI category established 
SSSI review, new sites 
new sites 
re-designation of SSSI 30 as SPA 21 
revision of management plan for SSS! 6 
extend designations 

Specially Reserved Area !SRA) category introduced 

Multiple-use Planning Area (MPA) category introduced 

invite SCAR to provide advice on human impacts 
control of the use of radio-isotopes 
avoid impacts on new islands 
voluntary adoption of code of conduct, impacts of alien biota 
Code of Conduct for Antarctic Expeditions and Station Activities 
elaboration of concept of environmental impact assessment 
need for environmental assessment of activities 
impact of scientific sampling: geology 
invite SCAR to advise on impact assessment procedures 
siting of stations and cumulative effects 
EIA planning process formulated in guidelines 
safeguards for scientific drilling and guidelines 
siting of scientific stations and cumulative effects 
uses of Antarctic ice 

invite SCAR to provide advice on monitoring 
need to monitor effects of human activities 
need to monitor effects of human activities 
EIA guidelines, including monitoring 
promote monitoring research, maintain records of activities 
exchange monitoring information 

need to manage tourist activities and visits to stations 
elementary guidelines to regulate tourist activities 
discourage tourists from visiting new islands 
awareness of need to manage and monitor tourist activities 
Area of Special Tourist Interest category established 
requires operators to obtain permission to visit stations 
requires operators visiting stations to report data to ATCPs 
tour guide experience, air traffic control 
help to non-governmental expeditions 
Statement of Accepted Principles and Practices - tourism 
Tourist Guidelines 
convene meeting in 1992, issues to be addressed 

identification of the need for study 
affirmation of need for study, request to SCAR for advice 
need for further study, refrain from minerals exploration 
continue consultation toward a Mineral Resources Regime 
elaboration of the Regime to be made at Special ATCMs 
outline of guiding principles for the Regime 

scientific programmes and data, nuclear technology, logistics 
scientific data, logistics 
measures for and status of conservation of fauna and flora 
siting/maintenance of logistic facilities 
information exchange on fauna and flora 
scientific research rockets: information exchange 
Standard Format for Annual Exchanges of Information 
locations of data holdings 
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Table cont ... 

Category 

Exchange of information 

No. of recommendations: 20 

Comprehensive protection 
measures 
No. of recommendations: 1 

Ree. No. 

13.5.2 
15.5 
15.16 

15.19 

15.1 

Main Purpose 

invite SCAR to provide advice on data accessibility 
environmental monitoring 
comparability and accessibility of scientific data 
ATCPs to compile a directory of scientific data 
increase cooperation in hydrographic survey 

need to review and consolidate existing measures 
need for elaboration of comprehensive system 

Total number of recommendations with a primary purpose relating to environmental management2: 138 

1. Arabic numerals have been used to denote recommendation numbers rather than the roman numerals 
customarily used. This is to improve clarity for the reader. 

2. Total added by category exceeds the number of recommendations made because some are listed in more 
than one category. 

3. Sources: Heap (1990), Final Reports of Antarctic Treaty Consultative Meetings I-XVI, ATCM XVI 
Information Paper 30 (ATCPs 1991b). 

Table 2, ATCM recommendations related to environmental management in chronological 
order of adoption. 

Ree. No.1 Purpose Cumulative Total 

ATCM 1 1961 
1.1,3,6,7, 13 information exchange on scientific matters, nuclear technology and logistics 
1.8 conservation of fauna and flora: recognition of need and general rules of conduct 
1.9 protection of historic sites, information exchange 
No. of recommendations: 7 7 

ATCM2 1962 
2.1, 4, 6 scientific data exchange 
2.2 conservation of fauna and flora: information exchange and call for formal measures 
No. of recommendations: 4 11 

ATCM3 1964 
3.1, 2 logistic facilities data exchange 
3.&-10 The Agreed Measures and interim guidelines 
3.11 pelagic sealing 
No. of recommendations: 6 17 

ATCM4 1966 
4.1-15 15 SPAs established and incorporated into Agreed Measures 
4.16-22 related to Agreed Measures, protected species, pelagic sealing 
4.27 need to manage tourist activities, visits to stations 
No. of recommendations: 23 40 

ATCM5 1968 
5.4 need for list of historic monuments 
5.5 SPA: Fildes Peninsula - later revoked 
5.6-8 related to Agreed Measures and pelagic sealing 
No. of recommendations: 4 45 

ATCM6 
6.4 

6.5,6 
6.7 
6.8 
6.9 
6.10 
6.11 

1970 
outline of basic concept for environmental impact assessment 
invite SCAR to provide advice on human impacts, monitoring 
control of the use of radio-isotopes · 
elementary guidelines to regulate tourist activities 
SPA entry permits 
information exchange on fauna and flora 
new SPA 
new islands: minimisation of impacts, tourists cont... 
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Table 2 .:..·_:.c.;:;_on"-t=··.:...· -----------------------------

Ree. No. Purpose Cumulative Total 

6.12 scientific research rockets: minimisation of impacts 
6.14 marking historic monuments, preparation of list 
No. of recommendations: 1 O 

ATCM 7 1972 
7.1 voluntary adoption of SCAR guidelines on environmental conduct 
7.2 SPA review . 
7.3 Site of Special Scientific Interest category established 
7.4 need to manage and monitor tourist activities 
7.5 impacts of alien biota 
7.6 need for study of mineral resources activities 
7.9 Annex adopted which lists historic monuments 
No. of recommendations: 7 

ATCMB 
8.1,2, 5 
8.3,4 
8.6 
8.9 

1975 
new SPA, review, amendment to Agreed Measures: SPA permits 
elaboration of SSSI provisions, designation of first SSSls with interim guidelines 
Standard Format for Annual Exchanges of Information 
Area of Special Tourist Interest category established 
requires tour operators to obtain permission to visit stations 
requires tour operators visiting stations to report data to ATCPs 

8.10 marine living resources 
8. f1 Code of Conduct for Antarctic Expeditions and Station Activities 
8.11.4, 8.13 EIA: elaboration of concept 
8.12 disposal of nuclear wastes 
8.14 mineral resources activities, request to SCAR for advice 
No. of recommendations: 12 

ATCM9 1977 
9.1 urge to refrain from minerals exploration 
9.2 marine living resources 
9.5 need for procedures to assess environmental impacts 
9.6 oil contamination of the marine environment 
No. of recommendations: 4 

ATCM 10 1979 
10.1 continue consultation toward a Mineral Resources Regime 
10.2 marine living resources 
10.4 impact of scientific sampling: geology 
10.5, 6 management plan for SSSI 8 and SSSI review 
10.7 oil contamination of the marine environment 
10.8 Tour guides, air traffic control 
No. of recommendations: 7 

ATCM 11 1981 
11.1 elaboration of the Minerals Regime to be undertaken, guiding principles 
11.2 marine living resources 
11.3 declaration of Tomb at Erebus air crash site 
No. of recommendations: 3 

ATCM 12 1983 
12.3 EIA concept elaborated, invite SCAR to advise on EIA procedures 
12.4 seek advice on effectiveness of Code of Conduct 
12.5 SSSI review 
12.7 new historic monument 
No. of recommendations: 4 

ATCM 13 1985 
13.1 locations and contents of data holdings 
13.4 Code of Conduct, invite SCAR to advise on disposal of waste 
13.5.1 invite SCAR to advise on protected area categories 
13.5.2 invite SCAR to provide advice on data accessibility 
13.6 siting of stations and cumulative effects 
13.7-9 SSSI review, new sites 
13.10-14 SPA review, new sites 
13.16 new historic sites / monuments 
No. of recommendations: 13 

ATCM 14 
14.2 
14.3 
14.4, 5 
14.6 

1987 
EIA planning process formulated in guidelines 
safeguards for scientific drilling and guidelines 
SSSI review, new sites 
Marine SSSI category established 

55 

62 

74 

78 

85 

88 

92 

105 

cont ... 
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Table 2. cont .. . 

Ree. No. Purpose 

14.8 new historic sites I monuments 
No. of recommendations: 6 

ATCM 15 
15.1 

15.3 
15.4 
15.5 
15.6, 7 
15.8 
15.9 
15.10 
15.11 
15.12, 13 
15.1 6 

1989 
need to review and consolidate existing measures 
need for elaboration of comprehensive protection system 
Code of Conduct, wastes: planning; inventories; specific substances 
prevention, control and response to marine pollution 
environmental monitoring 
SSSI review, new sites 
amend Agreed Measures: SPA management plans 
improve content of SPA management plans 
Specially Reserved Area (SRA) category introduced 
Multiple-use Planning Area (MPA) category introduced 
new historic sites I monuments and amendment 
ATCPs to compile a directory of scientific data 
comparability and accessibility of scientific data 

15.17 siting of scientific stations 
15.19 increase cooperation in hydrographic survey 
15.21 uses of Antarctic ice 
No. of recommendations: 16 

ATCM 16 1991 
16.2, 3 SSSls: new sites 
16.4 re-designation of SSSI 30 as SPA 21 
16.5 revision of management plan for SSSI 6 
16.6 revision of SPA management plans 
16.7 extend SSSI designations 
16.8, 9 new SPAs 
16.1 O Annex V to the Protocol on Environmental Protection 
16.11 new historic sites I monuments 
16.13 convene tourism meeting, tourism issues to be addressed 
No. of recommendations: 11 

Total number of ATCM recommendations: 

Cumulative Total 

111 

127 

138 

Recommendations relating to environmental management as a% of total recommendations: 
199 
69.3 

1 . Arabic numerals have been used to denote recommendation numbers rather than the roman numerals 
customarily used. This is to improve clarity for the reader. 

2. Sources: Heap (1990), Final Reports of Antarctic Treaty Consultative Meetings I-XVI, ATCM XVI 
Information Paper 30 (ATCPs 1991b). · 
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Appendix Four 

Signy Island Geographical Information Assessment 

1. Division: 

2. Project Title: 

3. Chief Contact: 

4. Supervisor: 

5. Researcher: 

Geographic Information Product Requirements 

6. Theme: 

7 . Product: existing/ in use/ under collection/ desired 

8. Purpose: 

9. Location, geographic coverage: 

10. Scale: 
11. 

12. Projection: 

horizontal: 
vertical: 

13. Frequency of update: 

14. Position Precision: horizontal: 
15. vertical: 

16. Symbols: standardised/ project-specific 

17. Priority: essential/ highly desirable/ desirable 

Geographic Information Collection (Input) 

18. Field Survey: instrumentation (digital?), visual 

19. Remote Sensing: vertical photography ( aerial, underwater) 
CCD, video 
satellite 

20. Positioning: visual, plane table, theodolite, GPS, other 



Appendix 4 Signy GIS questionnaire 

Geographic Information Storage 

21. On computer (package, database?): 

22. Data to be installed on ORACLE DBMS: 

23. Paper maps: 

24. Data tables: 

25. Descriptions in words: 

Geographic Information Analysis 

26. Spatial analysis (eg. classify, group, spread, buffer, interpolate, contour, image 
enhancement) 

27. Overlay: theme over theme (eg. remotely sensed data with topography, bathymetry, time
series/change analysis, etc) 

28. Calculate length, area, volume 

29. Geographic modelling: 

Geographic Information Output 

30. Maps representing data ( eg. distributions, populations, points, lines, polygons, vectors, 
choropleth, isoline): 

31. Cross-sections: 

32. Perspective views: 

33. Images: 
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Appendix 4 Signv GIS questionnaire 

Geographical Information System Utility 

34. In your own words describe what you think a Geographic Information System is and how it 
can be used. 

3 5. Outline whether a GIS could be useful to your work specifically, if at all. 

36. Taking a broader view, outline whether you think a GIS could be useful in your general 
field of work at BAS, if at all. 

37. Any additional comments ... 

Thanks!! 

1, I 

I I 
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Appendix Five 

GIS feature codes __ Antarctic Digital Database 
This document provides a key to the current (25 January, 1991) use of feature codes 
for the Antarctic Digital Map Project (ADMP). It brings together the codes used in an 
earlier project by Petroconsultants with those in use by this projeci and compares 
them with those in Standard symbols for use on maps of Antarctica (SCAR, 1980). 
Entries in bold text are currently used and recommended. Items in italic text are not 
to be used in this project. Items in plain text are not yet used, but are regarded as 
available. Items where the ADMP feature code is shaded are not yet implemented. 

I Description of Feature I SCAR I Petro I ADMP 

Ice free sea (area fill) 1.1 - 21010 
Bathymetric index contours 1.2 - 21020 
(definite) 

Bathymetric contours (definite) 1.2 112.0000 21021 
Bathymetric index contours (approximate) 1.3 - 21030 
Bathymetric contours (approximate) 1.3 112.1000 21031 
Isolated Bathymetric depression 1.4 - 21040 
Extreme limit of pack ice 1.5 - 21050 
Edge of continental shelf 1.6 - 21060 
Sounding 1.7 - 21070 
Submerged rock 1.8 - 21080 
Rock awash 1.9 - 21090 
Limiting danger line 1.10 - -21100 

Stranded iceberg 1.11 - 21110 
Edge of fast or bay ice_ 1.12 - 21120 
Hummocked ice 1.13 - 21130 
Pressure ridge . 1.14 - 21140 
Ice wall (definite) 2.1 324.1020 22010 
Rock coastline (definite) 2.1 324.1000 22011 
Grounding line (definite) 2.1 324.1022 22012 
Rock against ice-shelf (definite) - 324.1002 22013 
Ice wall (approximate) 2.2 - 22020 
Rock coastline (approximate) 2.2 - 22021 
Grounding line (approximate) 2.2 - 22022 

I 
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Appendix 5 ADD feature codes I 

I Description of Feature I SCAR I Petro I ADMP I 
Rock against ice-shelf (approximate) - - 22023 

Iceberg tongue 2.3 - 22030 . 
Floating glacier tongue 2.4 322.3110 22040 

Ice shelf and front 2.5 324.1032 22050 

Ice wall (sic) or ice cliff (OBSOLETE) 2.6 - 22060 

Rock cliff 2.7 111.4000 22070 

Beach exposed at low water; sand 2.8 - 22080 

Tide crack 2.9 - -
Strand crack 2.10 - -
Ice rumples (distinct) - - 22090 

Ice rumples (indistinct) - - 22100 

Ice rise - - -
Glacier margin 3.1 322.3120 23010 

Plottable features on glacier (flow-lines etc.) 3.1 - 23011 

Disturbed ice (small-scale maps) 3.2 - 23020 

Disturbed ice (large-scale maps) 3.2.1 - 23021 

Crevasses (small-scale maps) 3.3 - 23030 

Crevasses (large-scale maps) 3.3.1 - 23031 

Sastrugi 3.4 - 23040 

Ice stream (not used in this project - ice 3.5 322.3120 23050 
streams are indicated by flow lines (SCAR 3 .1, 
ADMP 23011 )) 

Meltwater stream 3.6 - 23060 

Lake on ice 3.6 322.1110 23061 

Lake on rock - 3.6 322.1111 23062 

Steep slope on snow 3.7 - 23070 
Inland ice cliff or escarpment 3.8 - 23080 
Index contours on ice or snow (definite) 3.9 - 23090 

Contours on ice or snow (definite) 3.9 - 23091 
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Description of Feature I SCAR 

Index contours on ice or snow (approximate) 3.10 

Contours on ice or snow (approximate) 3.10 

Depression contour on ice or snow 3.11 

Depression area on ice or snow 3.12 

Ice hillock, ice dome 3.13 

Accumulation of snow 3.14 

Ice-free area (rock outcrop) 3.15 

Index contours on ice-free area (definite) 3.16 

Contours on ice-free area (definite) 3.16 

Index contours on ice-free area (approx) 3.17 

Contours on ice-free area (approximate) 3.17 

Depression contour on ice-free area 3.18 

Rock cliff or escarpment 3.19 

Mountain or hill of exposed rock (uncontoured) 3.20 

Nunatak where not defined by contours. Use 3.21 
for a feature whose existence is reported, but 
which is not photographed or mapped. 

Scree 3.22 

Moraine field (not linear features) 3.23 

Ridge line on ice 

Ridge line on rock 

Ridge line summit on ice 

Ridge line summit O!J rock 

Elevation on rock (differential levelling or 4.1 
trigonometrical) 

Elevation on ice (differential levelling or 4.1 
trigonometrical) 

Elevation on rock (airborne altimetric, 4.2 
surface barometric) 

Elevation on ice (airborne altimetric, surface 4.2 
barometric) 

I Petro 

111.5000 

I ADMP 

23100 

23101 

23110 

23120 

23130 

23140 

23150 

23160 

23161 

23170 

23171 

23180 

23190 

23200 

23210 

23220 

23230 

trr::;l!~!if 
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·=·=::::::::-:;:;:::::::::::::;,:-:-:-:-:-·-····· 

• 
273 

I 

11 



Appendix 5 

I Description of Feature 

Elevation on rock {photogrammetric) 

Elevation on ice {photogrammetric) 

Ice thickness 

Geodetic satellite observation 
(precise). 

I SCAR 

4.3 

4.3 

4.4 

station 4.5 

Geodetic satellite observation station {less 4.5 
precise). 

Astronomical station (monumented) 4.6 

Astronomical station (not monumented) 4.6 

Survey control station (monumented) 4.7 

Survey control station (not monumented) 4.7 

Bench mark and elevation 4.8 

Oversnow route (marked) 4.9 

Oversnow route (unmarked) 4.10 
Aerodrome (with facilities) suitable for 4.11 
wheeled aircraft 

Aerodrome (without facilities) suitable for 4.11.1 
wheeled aircraft 

Aerodrome (with facilities) suitable for 4.12 
ski-equipped aircraft only 

Aerodrome (without facilities) suitable for 4.12.1 
ski-equipped aircraft only 

Helicopter aerodrome (with facilities) 4.13 
unsuitable for fixed wing aircraft 

Helicopter aerodrome (without facilities) 4.13.1 
unsuitable for fixed wing aircraft 

Water aerodrome (with facilities) 4.14 

Water aerodrome (without facilities) 4.14.1 

Ship anchorage 4.15 
Aircraft wreckage 4.16 
Ship wreck 4.17 
Single radio mast 4.18 

ADD feature codes I 
l 

II 

I Petro · 1 ADMP 

-. 

• 

• 
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I Description of Feature I SCAR I Petro 

Multiple radio masts 4.18 

Scientific station 4.19 

Occupied building 4.20 

Abandoned building 4.20 

Refuge 4.21 

Proven camp-site, accessible from sea ice 4.22 

Landing place 4.23 

Oil tanks (in use) 4.24 

Oil tanks (disused) 4.24 

Water tanks (in use) 4.24 

Water tanks (disused) 4.24 

Automatic weather station 4.25 

Historic monument (sites listed in Antarctic 4.26 
Treaty) 

Site of special scientific interest (SSSI) 4.27 

Adelie penguin rookery 5.1 

Emperor penguin rookery 5.2 

Seal colony 5.3 

Petrel colony 5.4 

Specially protected area (SPA) 5.5 

Vegetation 

ADD feature codes 

· 1 ADMP 
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Appendix Six 

GIS feature codes used in 
King George Island database 

Classification of features associated with human activities in Antarctica and biological 
features, and the GIS identification codes ( also called feature codes, or geocodes) used in the 
King George Island database developed in this research. It is proposed that SCAR should 
consider developing a more comprehensive list that merges these codes with Appendix Five. 
The result could be used as the basis of an internationally coordinated standard for Antarctic 
Geographical Information Systemsl. 

Cultural features 

Infrastructure 
Station building - in use 
Refuge - in use 
Wharf 
Fenceline 
Antenna - single 
Antennae - multiple 
Machinery - in use 
Generator - oil 
Generator - wind 
Generator - solar 

Reservoir - natural 
Reservoir - constructed 
Water tank - in use 
Water tank - disused 
Water pump station 
Water line - in use 

Markers 
Signpost - ASPA, ASMA 
Signpost - other 
Navigation marker - lit 
Navigation marker - unlit 

Road - maintained 
Track - foot, constructed or maintained 
Overland route 

tourist - marked 
-not marked 

non-tourist -marked 
-not marked 

Oversnow route 
tourist - marked 

-not marked 

ADD 
Code 

24190 
24210 

24180 
24181 

24242 
24243 

KGl92 
Code 

24190 
24210 
24155 

24180 
24181 

23062 

24242 
24243 
24244 
24245 

24280 
24162 
24163 

24095 

cont.. . 
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Cultural features 

non-tourist - marked 
-not marked 

Sea route 
tourist 
non-tourist 

Air route 
tourist 
non-tourist 

Fuels 
Fuel drum/s - in use 
Fuel tank - in use 
Fuel line - in use 
Fuel line - temporary/ seasonal 
Fuel pump station 
Oil spill contingency facilities 

Waste disposal 
Waste / sewage - treatment facilities 
Waste/ sewage - outfall pipe 
Incinerator - emission controlled 
Waste storage site - material to be retrograded 

Special landuse types 
Scientific monitoring / research site - terrestrial 
Scientific monitoring / research site - freshwater 
Scientific monitoring / research site - marine 

Tourist interest site 
Historic / archaeological site - unofficial 
Site with management plan - unofficial 
Site for which an Initial Environmental Evaluation has been prepared 

ADD 
Code 

24090 
24100 

24240 

Site for which a Comprehensive Environmental Evaluation has been prepared 
Cultural icon, edifice, memorial (religious, political, grave, etc) 
Quarry I gravel pit - in use 
Recreation area 

Former Antarctic Treaty protected areas 
Specially Protected Area - expired or revoked 
Site of Special Scientific Interest - expired or revoked 
Antarctic Specially Protected Area - expired or revoked 
Antarctic Specially Managed Area - expired or revoked 
Antarctic Historic Site or Monument - expired or revoked 

Antarctic Treaty protected areas 
Specially Protected Area (SPA) 
Site of Special Scientific Interest (SSSI) 
Antarctic Specially Protected Area (ASPA) 
Antarctic Specially Managed Area (ASMA) 
Historic Site or Monument 
CCAMLR Ecosystem Monitoring Site (CEMP Site) 
Seal Reserve (CCAS) 

Human impact features 
Heavily impacted area2 

Infrastructure 
Station building - disused / abandoned 
Refuge - disused / abandoned 

25060 
24270 

24260 

GJS feature code list 

KGI 92 
Code 

24240 
24240 
24247 

24246 

24248 
24249 
27052 

24275 
24275 
24275 

24265 

27070 

25060 
24270 

24260 

27000 

24201 
24210 

cont.. . 
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Human impact features 

Aircraft - abandoned 
Aircraft - wreck 
Ship wreck 
Machinery/ vehicle - abandoned 
Machinery/ vehicle - wreck 
Water /sewage pipe - disused/abandoned 

Routes 
Tracks - land vehicle 
Track - foot, not constructed or not maintained 
Road - in disrepair, eroded or abandoned 

Fuels 
Fuel tank - disused, containing fuel 
Fuel tank - disused, empty 
Fuel drums - abandoned, exposed, containing fuel 
Fuel drums - abandoned, exposed, empty 
Fuel drums - abandoned, buried, containing fuel 
Fuel drums - abandoned, buried, empty 
Fuel line - disused 

Waste disposal 
Refuse disposal site - disused, covered/bulldozed 
Refuse disposal site - disused, uncovered 
Refuse disposal site - disused, marine 

Incinerator site - disused, uncontrolled 

Waste disposal continued 
Litter / rubbish items3 

Sewage - disposal site 

Contaminated sites 
Contaminated site - hydrocarbons 
Contaminated site - radionuclides 
Contaminated site - heavy metals 
Contaminated site - chemicals/ biological agents 
Contaminated site - organic wastes 

Pollution plume - terrestrial 
Pollution plume - marine 
Pollution plume - atmospheric 

Site modified by human activities 
-erosion 
- reclamation 
- sediment I rock removal/ excavation 
- sediment I rock dumping 
- mechanical disturbance 
- dust, albedo 
- thermal regime 
- electromagnetic 
-noise 
-alien biota 
- biota distribution 
- aesthetic 

Site modified specifically by or for scientific research 
- constructions 
-sampling 
- drill site 

ADD 
Code 

24160 
24170 

24241 
24241 

G/S feature code list 

KGI 92 
Code 

24160 
24170 

27065 

24241 
24241 

27054 

27050 
27050 
27050 

27051 

27053 

27060 

27055 
27055 

27070 

27066 

27080 
27080 

cont. .. 
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Human impact features 

- explosive 
- electromagnetic 
- alien biota 

Biological information and features 
Birds 

- Spheniscidae - penguins 
- Diomedeidae - albatrosses 
- Procellariidae - fulmars, petrels, prions, shearwaters 
- Hydrobatidae (Oceanitidae) - storm petrels 
- Pelecanoididae - diving petrels 
- Phalacrocoracidae - cormorants and shags 
- Chionididae - sheathbills 
- Stercorariidae - skuas and jaegers 
- Laridae - gulls and terns 

Mammals 

Invertebrates 

Vegetation 

Marine plants 

Ecological zones 

ADD 
Code 

· GIS feature code list 

KGI 92 
Code 

27080 

30000-31999 
30000-30019 
30020-30029 
30035-30089 
30090-30099 
30100-30104 
30115-30134 
30500-30549 
30550-30599 
30600-30649 

32000-32499 

32500-32999 

33000-34999 

35000-35999 

36000-36999 

37000-37100 

1. Classification based on the following main sources: SCAR (1980b), Benninghoff and Bonner (1985), 
Antarctic Digital Database feature codes (Appendix Five), Watson (1975), Marchant and Higgins (1990). 

2. Defined as an area showing visible evidence of severe human modification as a result of either or a 
combination of: 

• constructions; 
• waste disposal; 
• extensive ground cover modification or disturbance; 
• terrestrial, freshwater or marine pollution; 
• common occurrence of dispersed litter. 

This is intended as a summary indicator of the area most visibly affected by human activity and there is a 
degree of subjectivity in the definition of what is severe. 

3. Defined as items of paper, wood, metal, glass, polymer, rubber, or solid non-indigenous organic material. 

4. Many of the items in the list were not implemented in the King George Island database. but the list was 
developed to be as comprehensive as possible within the scope and time-constraints of this research. 
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