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Abstract 

Since 1994 Antarctica New Zealand has conducted fixed point photo 

monitoring at Scott Base as a part of their overall monitoring programme. This 

has been carried out in an attempt to monitor anthropogenic change within the 

environment and specifically to help determine whether the footprint of 

activities at Scott Base has been changing. 

This study is an analysis of these monitoring photos, which has shown that in 

general the footprint has not changed since 1994. It has been shown that 

characteristics and the intensity of the footprint have altered with time, such 

as through the development of new buildings and a general tidying up of the 

base. The study has also highlighted some of the limits of current photo 

monitoring, which have meant that in some cases less than 1,4 of a photo has 

been used in the analysis due to photographers using different photographing 

techniques. 
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Title 

10 Year Review of Environmental Monitoring of the Scott Base "Footprint" 

Utilising Fixed Point Photo Analysis 

Introduction 

Legal Background to Monitoring 

Several legal initiatives enforce the requirement to monitor activities within the 

Antarctic. For New Zealand's activities these include the 1991 Protocol on 

Environmental Protection to the Antarctic Treaty, the Antarctic Treaty of 1959, 

and New Zealand's Antarctica (Environmental Protection) Act of 1994 (GERG, 

2000.) 

The Environmental Protocol works in several ways to protect the area 

surrounding bases. A requirement of the Protocol is the formulation of an 

Environmental Impact Assessment (EIA) for any activity proposed for the 

Antarctic (AAD,2005). The highest level EIA is a Comprehensive 

Environmental Evaluation, or a CEE. This is a document specifying which 

monitoring measures are required for an activity; including compliance 

monitoring, which monitors activities against the requirements of the CEE, 

and environmental monitoring, which verifies whether environmental impacts 

were the same as in the CEE (Waterhouse, 2001 a.) 

The Treaty itself has a focus on the environment and monitoring. It has 

several groups of advisors including the Committee for Environmental 

Protection (CEP), the Council of Managers of National Antarctic Programs 

(COMNAP), and the Scientific Committee on Antarctic Research (SCAR). A 

part of the CEP's role is to report on key environmental matters; therefore, the 

CEP may be a part of any monitoring project in Antarctica. SCAR and 

COMNAP have similar goals and objectives through aiming to provide 

scientific advice to Treaty members and to the Antarctic Treaty Consultative 
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Meetings (ATCMs)( COMNAP, 2005; Kennicutt et al, 1996; SCAR, 2005.) 

COMNAP compliments this advice with the creation of documents and 

manuals to assist decision-making, such as through providing standard 

techniques for monitoring in Antarctica (Antarctica New Zealand, 2000a; 

AAD,2005; GERG, 2000.) COMNAP also has the aim of encouraging 

interaction and cooperation between nations, concerning logistics, scientific 

programs and research, and operational procedures. They have also been 

largely responsible for developing the Antarctic Environmental Officers 

Network (AEON) to assist with these aims (COMNAP, 2005). 

Treaty members meet most years at an ATCM, at which monitoring has been 

on the agenda for about the last 15 years. This trend of landscape change 

monitoring coming to the fore of political agenda has been mirrored 

internationally (Puschman et al, 2005.) In 1989 an outcome of the ATCM 

meeting was the specification of what activities should be monitored, and the 

idea for a group of experts to assist with monitoring was developed over the 

next two years. Since its conception this group of experts has offered many 

recommendations for monitoring, including making an attempt at 

standardising monitoring through the development of template formats for 

long term monitoring programs (Kennicutt et al, 1996.) 

Specifically, the Protocol and the Treaty mention monitoring in Article 3, items 

2(d) and (e) and Annex 1. Article 3 states the need for regular and effective 

monitoring, to assess impacts and facilitate early detection. Annex 1 relates to 

CEEs and IEEs, enforcing that appropriate procedures, including monitoring, 

must be put in place to assess and verify the impact of an activity assessed in 

an IEE or GEE (COMNAP, 2005; Kennicutt et al, 1996). The Antarctic Treaty 

has a further requirement that signatories to the Treaty must exchange and 

make freely available scientific observations and results from Antarctica 

(JCADM, 2005.) 

These requirements from international legislation are enforced within the New 

Zealand context through the Antarctica (Environmental Protection) Act of 

1994, giving force to these ways of managing and monitoring the Antarctic 
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(Peterson, 2004.) Any monitoring initiatives must comply with "A New Zealand 

Science Strategy for the Antarctic and the Southern Ocean" and "An 

Environmental Strategy for the Ross Sea Region." Antarctica New Zealand 

also relies on the Environmental Management System (EMS), a document 

highlighting impacts from New Zealand's Antarctic activities, to guide 

monitoring (see figure 1 )(Antarctica New Zealand, 2000a.) 

Management review and 
improvement measures: 

Monitoring & measurement 
Non-conformance, corrective 
& preventative actions 
Records 
Audits 

Implementation: 

CONTINUAL 
Th1PROVEMENT 

ISO 14001 
EMS Model 

Structure & responsibilities 
Training & competence 
Communication 
Documentation & control 
Operations 
Emergency preparedness 

Environmental review 

Environmental Policy 

Planning: 
Environmental Aspects 
Legal requirements 
Objectives & targets 
Management programme 

Figure 1-A model of an Environmental Management System (Antarctica New 

Zealand, 2000b.) 

Challenges to Monitoring 

One of many challenges to monitoring changes in Antarctica is attempting to 

differentiate between human induced change and natural variability. There 

needs to be an understanding of the spatial and temporal settings of each 

type of change as well as an understanding of how they operate in order for a 

distinction to be possible (Kennicutt et al, 1998a; Kennicutt et al, 1998b.) In 

order to do this it has been suggested that anthropogenic activities have 

generated patchiness in the landscape, which may be identifiable using 

landscape ecosystem theory and methodologies (Kennicutt et al, 1998a.) 



A further challenge with anthropogenic change is determining whether the 

change is due to current activities, or whether the effects are from past 

activities but are still being felt today. This situation is highly probably in 

Antarctica due to the slow rate of biological processes within this cold desert, 

with evidence found of fuel contamination years after the time of initial 

contamination (Kennicutt et al, 1998a.) 

Designing a Monitoring Project 

Perhaps the most important consideration for monitoring is that, as monitoring 

is only a part of environmental management, any monitoring system must be 

linked to management decision making and an environmental strategy. This 

involves linking goals, objectives, and timeframes (Antarctica New Zealand, 

2000a; GERG, 2000; Kennicutt et al, 1996; Kennicutt et al, 1998a; Kennicutt 

et al, 1998b.) It is essential that the goals and objectives of any monitoring 

program are clearly stated from the onset of the program, giving the program 

direction and structure. Goals should also be explained adequately to give an 

indication of what type and/or amounts of change are expected, ensuring that 

the monitoring system has the capability of recognising the expected change 

(Kennicutt et al, 1996.) Already one can see how a monitoring design can 

become controversial, as objectives require subjective decisions as to what is 

an acceptable change or impact (Kennicutt et al, 1998a.) Antarctica New 

Zealand has several goals that relate directly to the monitoring of their 

activities. One of these is to support New Zealand's obligations in the 

Antarctic, consequently committing themselves to monitoring according to the 

requirements of the Protocol, the Treaty and the Protection Act (Antarctica 

New Zealand, 2004.) 

In many situations, including within the Antarctic Treaty, it has been 

highlighted that it is important to share information gained from science and 

research in Antarctica. In order to improve the value of this shared data the 

development of standard methods and systems of environmental 

management would be beneficial. This standardisation would also allow for 
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the evaluation of spatial and temporal trends in the Antarctic (Antarctica New 

Zealand, 2000a; Kennicutt et al, 1996.) Past monitoring initiatives have seen 

little coordination of objectives or activities, consequently the achievement of 

this standardisation and the encouragement of cooperation between nations 

has become a focus for many meetings and much literature today (JCADM, 

2005; Kennicutt et al, 1996.) 

Monitoring designs must draw on current scientific knowledge and resources, 

relying on science research to provide this information. Monitoring can also 

give back to science through providing consistent obseNations of the 

environment as an extra to the aim of aiding management decision-making 

(Kennicutt et al, 1996). This is a form of cyclic reliance, whereby monitoring 

data is passed on to science for the development of environmental process 

models, which then lead to the potential to predict environmental impacts and 

change, assisting monitoring projects (Kennicutt et al, 1996.) It must also be 

remembered that a monitoring design does not involve the measurement of 

everything everywhere, but is simply the measurement of selected variables 

that will indicate change, and therefore more accurate knowledge and 

understanding leads to the recording of more indicative variables of change 

(Kennicutt et al, 1999.) 

Monitoring programs should include more than just field obseNations, as this 

is seldom enough to identify both the cause and effect of obseNed change. 

Any other relevant information such as current activities, base statistics and 

weather should also be recorded synonymously. These monitoring activities 

are already occurring in Antarctica for some variables such as fuel spills, but 

could be extended to encompass many more variables (Kennicutt et al, 1996.) 

Many aspects of the human presence in Antarctica can result in a landscape 

change. Some of these include air emissions, dust creation and disturbance, 

solid waste (dumps and debris), fuel/hazardous material, mechanical actions, 

constructions (excavations, fill, explosions, compaction), introductions, 

samplings, extractions and relocations (AAD,2005.) This diverse list shows 

that the significance of obseNations may not be fully understood until later 

analysis. Therefore as much information as possible should be recorded 
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synonymously with monitoring data and made available for analysis, in order 

for science to benefit as much as possible (GERG, 2000; Kennicutt et al, 

1996; Kennicutt et al, 1998a.) The recording of this data will also add to the 

achievement of a complete understanding of the activities at a station, and the 

subsequent identification of potential impacts will guide the development of 

the monitoring program and help identify which parameters should be 

monitored (GERG, 2000.) 

Techniques For and Considerations of Monitoring 

There are different ways to approach monitoring, both in the manner in which 

it is conducted and the groupings given to aspects of the monitoring study. An 

example of this is sensitivity mapping, a way of considering the vulnerability of 

components of the environment to human impacts. This type of mapping 

requires scientific expertise and has high costs for both time and money, and 

is therefore not in common use in Antarctica (Kennicutt et al, 1998a; Kennicutt 

et al, 1998b.) 

Independent auditing is a way of getting an outside perspective on monitoring 

issues. Both Antarctica New Zealand and the Australian Antarctic Division 

utilise auditing as a means of monitoring, with New Zealand conducting an 

independent environmental audit of its programs in 1994. This audit found that 

monitoring responsibilities were not being met to the level required by the 

Treaty and the Protocol, and highlighted the need to develop an ongoing 

monitoring programme at Scott Base and other field sites, (Antarctica New 

Zealand, 2000b; Antarctica New Zealand, 2005b; AAD, 2005.) These 

recommendations have both been put into place during the intervening years 

(Antarctica New Zealand, 2004.) 

Factors relating to physical, logistical and cost considerations may override 

the suggested "needs" of a monitoring program (Kennicutt et al, 1998a.) 

However, any program should still aim to meet the objectives of the protocol 

and science while addressing these considerations of cost, feasibility and 
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utility (Kennicutt et al, 1998a.) It is widely accepted that monitoring in 

Antarctica is resource demanding, therefore cost effectiveness is important for 

monitoring to remain as a priority in a national program's budget (Kennicutt et 

al, 1996; Kennicutt et al, 1999.) Resource constraints of monitoring also 

include staff and logistics, leading to the need for careful consideration of a 

program's focus, scope and timing (Antarctica New Zealand, 2000b.) 

A monitoring program must focus on addressing first order resources at risk, 

including the loss of topsoil and the resultant physical disturbance (erosion) of 

the terrain, retreat of the snow and ice and contaminated soil. In current 

monitoring aesthetic and wilderness values are often added to this list when 

they are compromised by the presence of a station or camp. Clearly, 

identifying and prioritising these types of resources will become increasingly 

important in developing an effective monitoring program, especially as a 

means of optimizing the use of a program's limited funds (Kennicutt et al, 

1998a.) 

Other Monitoring Aims 

A nation's monitoring program should aim to cover as many aspects of the 

environment as is logistically possible. The atmosphere has been monitored 

in past studies in which evidence of little or no atmospheric contamination was 

found. Consequently monitoring of the air was seen to offer no real benefit 

and will only be initiated again if science offers evidence of a specific value 

that needs to be protected (Kennicutt et al, 1998a.) Soils however are 

considered as vital to monitoring. The accumulation of contaminants in soils, 

especially exposed soils, and sediments is a very real concern and warrants 

the collection of samples to verify any indications of change (GERG, 2000; 

Kennicutt et al, 1996; Kennicutt et al, 1998a.) Studies should also look at 

compaction, depth of permafrost and water infiltration of soils, as indicators of 

human impacts (Kennicutt et al, 1998b.) 
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The considerations and processes discussed above can be summarised by 

COMNAP's three step approach to designing a monitoring program (refer 

figure 2.) 

l. Scoping the l\•:fonitoring Programme 

• Setting objectives 

• Undertaking background research 

• Allocating resources 

• Baseline monitoring 

i 
2. Defining the l\·fonitoring Programme 

• Deciding what to monitor 

• Sampling methods and statistical design 

• Consultation 

~ 
3. Implementing tlle 1\fouitoring Programme 

• Undertaking a Pilot project 

• Collecting Baseline data 

• Data h..111dling 
• Repo1ting and publishing 

• Programme revie\v 

A flow diagram summarising the three-step approach to designing a monitoring progrnmme 

Figure 2- A flow diagram summarising the three-step approach to designing a 

monitoring program (COMNAP, 2005.) 

Photo Monitoring 

Photo monitoring is a fast, simple and effective means of determining if 

change has occurred in a landscape (Hall, 2001.) Photos can be taken 

utilising comparison photos, comparing a known condition to field conditions, 

or by repeat photos, where the same area is photographed over time. For 

repeat photography, it is important to include a map of the area so that the 

locations of photos can be documented, as well as a description of purpose, 

sampling technique and equipment (Hall, 2001.) 
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Parameters identified which could be utilised in a photo analysis include: 

snow and ice aerial coverage, soils- moisture content, salt content and aerial 

coverage, terrain- snow and vegetation cover and topography. These 

parameters cover impacts resulting from transport, camp/base, construction, 

waste discharge facilities, and science activities in the area (Kennicutt et al, 

1998b.) Not all station-monitoring programs deem it necessary to include 

construction monitoring in their monitoring program, as ideally this should be 

covered by an EIA (Waterhouse, 2001 a.) 

Analysis of the photos, it has suggested, can be done by outlining selected 

topics on a clear plastic sheet, then placing a grid under the sheet and 

counting the number of squares which fall within the outline. When these 

counts are compared for photographs of the same location in different years 

changes can be observed. Emphasis is given to the importance of including 

all relevant information on the plastic sheet, as this becomes the permanent 

dated record of change (Hall, 2002.) For this technique it is also essential to 

keep such aspects as camera height and focal length constant, so that the 

size of features being monitored will not alter due to changes in photographic 

techniques (Hall, 2001.) 

Accuracy of the size of objects in the photo can be achieved using a meter 

board. This is a board that is included in the photograph image and has 

markings of height. It allows photos of different locations to be compared and 

ensures that repeat photos are taken with images at the same size. 

Calibration of the meter board with the grid squares allows objects to be sized 

within photos, and all photos to be compared at the same size (Hall, 2002.) 

The selection of photo monitoring points is unique from other photography, in 

that signposts, wires and roads are viewed as objects to be included rather 

than avoided. Monitoring sites must be selected using a degree of subjectivity. 

This is essential as the use of a statistical grid type method to select 

monitoring points may lead to the loss of many important landscape elements. 

A subjective choice of monitoring locations allows the objects, patterns and 

variations within the landscape to be identified and monitored for change. 
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Feedback Mechanism 

A feedback mechanism is necessary to determine whether monitoring is 

effective, and hence whether it should continue to be supported, or 

alternatively how it can be improved (Kennicutt et al, 1996.) This can be 

achieved during data analysis, which could include a review to determine 

whether the goals of the program are being met and the managers are 

receiving sufficient information. This would also enable an evaluation of 

whether the program design is adequate and allow improvements to the 

design to be made. Program modification should be approached with caution 

as changes for short-term benefit may detract from long-term information that 

may be much more valuable, and the standard of this should not be 

jeopardised (Kennicutt et al, 1996.) 

Data Management 

Data management is an integral part of environmental monitoring through 

ensuring that data is recorded and stored efficiently, allowing ease of access 

and analysis. It also allows data from different monitoring programs to be 

compared, giving a wider perspective of findings during interpretation and 

analysis. Through improving the efficiency of analysis and interpretations data 

management improves the ability for quick, cost-effective management 

decisions to be made (Kennicutt et al, 1999.) Science may also be assisted 

through effectively managing monitoring data, as any data can have a dual 

application to future research as well as in current management decision 

making (Kennicutt et al, 1998a.) 

Acquiring data and information is our principal reason for being in Antarctica, 

making it especially important for data to be effectively managed. Reasons 

such as this lead to SCAR and COMNAP creating the Joint Committee on 

Antarctic Data Management (JCADM) in 1997. JCADM brings members of 25 

nations together once a year to discuss data management issues. Through 

these meetings they have pushed the creation and utilisation of universal data 

systems which allow scientists to find and advertise data (JCADM, 2005.) An 
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increasingly popular form of data management is the use of Geographical 

Information Systems (GIS). A GIS ties data to a point location while recording 

data in a format that greatly improves access to the information for all 

concerned. (Kennicutt et al, 1999.) GIS is an effective way to store, analyse 

and display data, with the additional benefit that thematic data layers can be 

linked using geographic location data, allowing for a more comprehensive 

analysis (GERG, 2000.) The advantages of keeping information in digital form 

are continually emerging, such as for ease of access and safe storage. 

Following this trend of digitalisation, it is now common practice to produce a 

digital copy of any photos taken for monitoring purposes, which can be 

archived alongside any relevant GIS information (Antarctica New Zealand, 

2000a; GERG, 2000.) A summary of a data management system is shown in 

figure 3 below. 

Decision Making 

' 
Environmental _,, I User 

Monitoring I 

' 
t 
I 

Data Managemerit ~------~-------~ Data Access 
Issues I Tools 

I ' 
I 
l 

"'-
Data Management 

- Toolkit 

Figure 3- An example of a data management system (Kennicutt et al, 1996.) 
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McMurdo Station Monitoring Program 

The United States Antarctic Program (USAP) monitoring of McMurdo Station 

is particularly relevant to New Zealand due to the proximity of the bases within 

the Antarctic landscape (Antarctica New Zealand, 2000a.) Due to the limits of 

working in Antarctica monitoring at McMurdo is only carried out once a year, 

although sampling at the beginning and end of each season is possible and 

could give indications of environmental changes during periods of intense 

anthropogenic activity (Kennicutt et al, 1998a.) 

McMurdo suffers from similar risks to the terrestrial environment as Scott 

Base, including the loss of topsoil and the resultant physical disturbance, 

retreat of the snow and ice and soil contamination (Kennicutt et al, 1998a.) 

Already physical disturbance at the base means that little, if any, vegetation 

exists in the vicinity, and it has been suggested that ice and snow coverage is 

retreating. To determine the validity of these observations it was realised that 

long-term monitoring is required (Kennicutt et al, 1998a.) 

The monitoring program at McMurdo used aerial photography to establish the 

baseline footprint of anthropogenic landscape disturbance. This was essential 

to achieve their aim of determining whether the USAP footprint in Antarctica 

was increasing or decreasing. Other goals were to determine if areas of 

known heavy impact are stable and contained by current efforts, and to 

document the impacts or effects of specific activities in the area. The overall 

objectives were to improve understanding of the environment, and to monitor 

change in the context of an overall management strategy (Antarctica New 

Zealand, 2000a; Kennicutt et al, 1999.) 

Research showed that physical and chemical monitoring offer the most cost

effective means of monitoring the impacts of logistical and scientific research 

at stations, on the time-scale that managers use (SCAR, 2002.) At the same 

time, monitoring provides an opportunity to suggest appropriate environmental 

remediation measures. To date the monitoring program at McMurdo has been 

successful in providing sufficient information to assist management decision 
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makers. For the future the USAP aims to look at the applicability of the 

inclusion of remote sensing to monitoring initiatives (Kennicutt et al, 1998a.) A 

summary of the current knowledge of disturbances at McMurdo Station is 

presented in Appendix 1, Table 1, and a summary of the terrestrial monitoring 

program is located in Appendix 1, Table 2. 

Cape Roberts Drilling Project 

A previous situation in which Antarctica New Zealand has been involved with 

monitoring activities was during the Cape Roberts Drilling Project. Antarctica 

New Zealand was in charge of logistics and drilling for the project, which 

included the task of developing and implementing the CEE and its monitoring 

criteria (Waterhouse, 2001 a.) 

Monitoring for this project involved fixed point photo monitoring techniques to 

look at surface disturbance, with an emphasis on the storage area, soil 

contamination testing and video monitoring to inspect otherwise inaccessible 

places such as the sea floor. Visual inspection was also carried out at 

locations specified in the CEE, including an inspection by the Ministry of 

Foreign Affairs and Trade's Environmental Assessment and Review Panel 

(EARP). EARP visited both the Cape Roberts Drill Site and Scott Base and 

reported that no major environmental issues were apparent (Waterhouse, 

2001 a.) For an example of the environmental impact assessment criteria used 

in this study please refer to Appendix 1, Table 3. 
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The Scott Base Monitoring Project 

Antarctica New Zealand's current aims for monitoring include ensuring that 

the impact of Scott Base activities remains within the current footprint. They 

also aim to determine the extent, nature, duration of and on-going physical 

disturbances from Scott Base activities' (GERG, 2000.) Techniques for 

achieving this include aerial photo monitoring, ground based photo 

monitoring, truthing to establish changes in snow cover, soil, vegetation and 

tracking, digitise/analyse historical records and spatially map data if GIS 

available (GERG, 2000.) For the future they envision continuing current 

monitoring and conducting assessments to determine change over time, and 

expanding monitoring to include the marine and air footprints (Antarctica New 

Zealand, 2000b.) A plan of the lay out and footprint of Scott base is located in 

the Appendix 1, Figure 1. 

Photo monitoring at Scott Base was initiated in 1994 and has involved fixed 

point photo monitoring. This has meant taking repeat photographs of the 

same areas during minimum snow cover each year, and using these to 

monitor change over time (Antarctica New Zealand, 2000a; Hall, 2001.) In 

2000 limits to the method of analysis were identified and procedures to update 

techniques were implemented. This has resulted in the ability to more easily 

replicate the location, orientation and focal length of photos. Within the photos 

land usage is quantified as the area occupied by buildings, storage tanks, 

roads, landfills, snow disposal areas, pipelines and excavations (GERG, 

2000.) These aspects are then monitored for change using the photos from 

different years. Photo monitoring is a part of stage one monitoring which 

includes ground-based photo monitoring, with stage two being to continue this 

and to analyse historical photo records (Antarctica New Zealand, 2000a.) 

Aerial photographs would add to the environmental data collected, however 

the last aerial photograph to be taken of Scott Base was completed in 1993. 

Currently Antarctica New Zealand is looking at future opportunities to work 

with others, such as the USAP, for more regular aerial photography surveys. It 

is possible that future improvements in technology will result in higher 
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resolution satellite imagery, superseding the requirement for any aerial based 

photography (Antarctica New Zealand, 2000a.) 

Further description of the Scott Base monitoring strategy is found within the 

"Environmental Strategy for the Ross Sea Region." This describes how 

monitoring will integrate existing monitoring activities as well as putting in 

place indicators to report on the state of the environment at Scott Base. The 

monitoring program at Scott Base is staged, allowing for the integration of 

new information from both international and national initiatives, such as the 

2001 Ross Sea Region State of the Environment Report (Waterhouse, 

2001 b.) 

Limitations to Monitoring 

Antarctica provides a challenging environment to work in for any purpose. For 

photo monitoring these challenges manifest themselves most clearly through 

the darkness of winter making it impossible to conduct photo monitoring 

during winter months. Consequently, monitoring sites are limited to 

observation only during the summer operating months (Kennicutt et al, 1998a; 

Kennicutt et al, 1998b.) The value of data is further limited by the scarcity of 

monitoring sites. This means that a complete data set for the entire continent 

is currently just a representation of conditions surrounding permanent bases, 

and with each monitoring using its own system there can be no true 

comparison of data results. There is also a lack of background data to any 

monitoring, so it will take time to observe the true value of current monitoring 

initiatives (GERG, 2000; Kennicutt et al, 1996.) In the mean time there is 

some concern that the incomplete data sets could be misused, or ignored if 

considered not practical (GERG, 2000.) 

The USAP has highlighted the usefulness of employing aerial photography in 

environmental monitoring; however, this technique has its own set of limits. As 

aerial photographs take a birds-eye view of the landscape, any areas 

canopied under objects are missed. For this reason it is important to 
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supplement aerial photography with ground surveys so that all areas are 

studied (GERG, 2000.) A danger with any photo monitoring is the possibility of 

focussing on known areas of heavy impacts, at the exclusion of little used or 

little known areas. This could lead to the omission of sites for which 

monitoring may be very valuable in the future (Antarctica New Zealand, 

2000b.) 

Errors to data can be incurred at every stage of monitoring, especially during 

the process of taking the photos. Ensuring consistency of such features as 

angles, aperture and camera height is a challenge that Antarctica New 

Zealand has already had to address to improve the standard and validity of 

their photo monitoring (Antarctica New Zealand, 2000a.) It is important to 

keep as many aspects of repeat photographs constant as is possible, as 

alterations may lead to objects being misrepresented as a change in the 

environment when in reality it is only a change in photography techniques. 

Changes may also appear due to inconsistent rules of analysis. Techniques 

must be kept constant between photos by using rules such as drawing on the 

edge of a feature, rather than outside the image, which would in effect enlarge 

it (Hall, 2002.) 
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Aim 

The aim of this project is to determine whether the impact of Scott Base 

activities has remained within the same footprint as was present in 1994, 

through the analysis of repeat photo monitoring images. Analysis also aims to 

determine the extent, nature, duration of and on-going physical disturbances 

from Scott Base activities (GERG, 2000.) 

Method 

In October of 1994 seven fixed point photo-monitoring sites were established 

at Scott Base (see figure 4.) In this year monitoring photos were taken from 

each point, but also photos were taken of the tripod set-up to indicate where 

and how to position the camera in future years. Each season since then a 

repeat photo from each location has been taken during or close to the time of 

minimum snow cover. To ensure consistency photos have been taken on a 

35mm camera, using ASA film (Antarctica New Zealand, 2005a; Antarctica 

New Zealand, 2005b.) 

The seven locations are: 

1 Garage and hangar 

2 Behind garage 

3 Base panorama (back) 

4 The "aerial farm" 

5 Shoreline 

6 Base panorama (front) 

7 Flagpole 

The analysis of photos was achieved using a grid analysis technique. A 

plastic grid was overlaid on the photo and an outline of features drawn onto 

the plastic. Due to the limits of the photographs I initially had to locate an area 

which was shown on the photographs for all years. This meant that the area 

studied was represented by a different amount of the photo in each year and 
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at each location. This stage can easily result in errors, so outlines were 

checked by lifting the overlay to check the drawing against the image, and 

inspecting the image with a hand lens (Puschman et al, 2005.) Grid squares 

were then counted for the entire area studied and for each feature, to 

determine the amount of the image that falls into each category, such as 

exposed soil or buildings. Through doing this for each location over the range 

of years for photographs supplied, changes in the amount of the image 

covered by each category can be recorded and a conclusion of whether the 

footprint is increasing, static or decreasing can be reached. 
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Results 

Areas are given in grid square units, which measure 2mm2
, and as a 

percentage of the total area of the photo. A full photo is 3876 units. Roads 

refer to any area where tread is visible. 

Amount of each variable within the image for the Site 1- garage and hangar 

Site 1 
snow/ice soil buildings storaqe 

1994 680 68.69% 48 4.85% 135 13.64% 8 0.81% 

1995 334 25.08% 360 27.03% 86 6.46% 95 7.13% 

1997 0.00% 2205 60.58% 407 11.18% 0.00% 

1998 700 66.67% 35 3.33% 62 5.90% 20 1.90% 

2000 0.00% 805 67.65% 92 7.73% 15 1.26% 

2001 693 91.30% 108 14.23% 78 10.28% 15 1.98% 

2004 787 107.07% 84 11.43% 12 1.63% 

percentage of full 
roads other (mast) total grid squares photo 

260 26.26% 3 0.30% 990 0.255418 

790 59.31% 3 0.23% 1332 0.343653 

1418 38.96% 6 0.16% 3640 0.939112 

455 43.33% 2 0.19% 1050 0.270898 

0.00% 3 0.25% 1190 0.307018 

1275 167.98% 3 0.40% 759 0.19582 

530 72.11% 3 0.41% 735 0.189628 

Amount of each variable within the image for the Site 2- behind the garage 

Site 2 
snow/ice soil buildinqs storaqe 

1994 345 8.90% 176 4.54% 158 4.08% 

1995 870 61.97% 280 19.94% 241 17.17% 

1997 235 12.45% 590 31.27% 295 15.63% 495 26.23% 

1998 510 33.33% 40 2.61% 269 17.58% 

2000 0.00% 920 60.61% 232 15.28% 

2001 345 40.54% 330 38.78% 160 18.80% 

2004 570 70.37% 740 91.36% 285 35.19% 
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percentage of full 
roads other total qrid squares photo 

76 1.96% 3876 100.00% 

380 27.07% 1404 36.22% 

280 14.84% 1887 48.68% 

315 20.59% 1530 39.47% 

85 5.60% 1518 39.16% 

160 18.80% 851 21.96% 

810 20.90% 

Amount of each variable within the image for the Site 3- base panorama 

(back) 

Site 3 
snow/ice soil buildings storage 

1994 645 23.04% 70 2.50% 60 2.14% 125 4.46% 

1995 145 4.46% 810 24.92% 130 4.00% 130 4.00% 

1997 40 1.96% 720 35.29% 65 3.19% 65 3.19% 

1998 180 11.61% 190 12.26% 50 3.23% 50 3.23% 

2000 70 4.91% 380 26.65% 60 4.21% 60 4.21% 

2001 70 7.53% 205 22.04% 35 3.76% 35 3.76% 

2004 30 2.86% 295 28.10% 55 5.24% 55 5.24% 

percentage of full 
roads other (aerial) total qrid squares photo 

75 2.68% 565 20.18% 2800 72.24% 
0.00% 415 12.77% 3250 83.85% 

115 5.64% 250 12.25% 2040 52.63% 
0.00% 400 25.81% 1550 39.99% 

75 5.26% 155 10.87% 1426 36.79% 

90 9.68% 165 17.74% 930 23.99% 

230 21.90% 105 10.00% 1050 27.09% 

Amount of each variable within the image for the Site 4- the "aerial farm" 

Site 4 
snow/ice soil buildinas storage 

1994 35 2.08% 750 44.64% 85 5.06% 

1995 410 12.37% 941 28.39% 110 3.32% 115 3.47% 

1997 45 2.45% 871 47.34% 60 3.26% 25 1.36% 

1998 1011 52.66% 45 2.34% 60 3.13% 10 0.52% 

2000 10 0.44% 1035 45.90% 70 3.10% 10 0.44% 

2001 575 37.10% 175 11.29% 50 3.23% 

2004 20 1.07% 782 41.77% 65 3.47% 
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percentage of full 
roads other {aerial) total qrid squares photo 

513 30.54% 1680 43.34% 
755 22.78% 3315 85.53% 
290 15.76% 1840 47.47% 
551 28.70% 1920 49.54% 
720 31.93% 2255 58.18% 
650 41.94% 1550 39.99% 
535 28.58% 1872 48.30% 

Amount of each variable within the image for the Site 5- shoreline 

Site 5 
snow/ice soil buildings storage 

1994 205 12.94% 505 31.88% 40 2.53% 

1995 
1997 355 9.28% 970 25.36% 140 3.66% 

1998 360 10.30% 288 8.24% 80 2.29% 

2000 40 1.68% 1093 46.00% 70 2.95% 

2001 820 41.41% 155 7.83% 45 2.27% 

2004 150 8.68% 838 48.50% 55 3.18% 

percentage of full 
roads other {pipes) total qrid squares photo 

8 0.51% 1584 40.87% 
0.00% 

10 0.26% 3825 98.68% 
8 0.23% 3496 90.20% 
7 0.29% 2376 61.30% 
6 0.30% 1980 51.08% 
7 0.41% 1728 44.58% 

(no data is present for 1995 as photographs did not correspond closely 

enough with the images from other years.) 

Amount of each variable within the image for the Site 6- base panorama 

(front) 

Site 6 
snow/ice soil buildings storaQe 

1994 730 48.80% 100 6.68% 120 8.02% 10 0.67% 

1995 95 5.84% 835 51.29% 195 11.98% 0.00% 
1997 45 2.64% 1092 64.16% 190 11.16% 0.00% 

1998 930 64.81% 25 1.74% 150 10.45% 0.00% 

2000 140 7.61% 395 21.47% 190 10.33% 505 27.45% 
2001 755 57.99% 175 13.44% 150 11.52% 0.00% 

2004 0.00% 759 57.50% 155 11.74% 0.00% 
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percentage of full 
roads other (pipes) total grid squares photo 

8 0.53% 1496 38.60% 

8 0.49% 1628 42.00% 

8 0.47% 1702 43.91% 

9 0.63% 1435 37.02% 

9 0.49% 1840 47.47% 

5 0.38% 1302 33.59% 

4 0.30% 1320 34.06% 

Amount of each variable within the image for the Site 7- flagpole 

Site 7 
snow/ice soil buildinqs storage 

1994 380 24.39% 20 1.28% 
1995 105 9.85% 698 65.48% 
1997 0.00% 1023 69.31% 
1998 308 25.93% 451 37.96% 

2000 0.00% 78 6.22% 

2001 115 13.31% 450 52.08% 

2004 10 1.14% 535 61.14% 

percentage of full 
roads other (pipes) total grid squares photo 

570 36.59% 12 0.77% 1558 40.20% 

468 43.90% 9 0.84% 1066 27.50% 

698 47.29% 13 0.88% 1476 38.08% 

308 25.93% 12 1.01% 1188 30.65% 

30 2.39% 11 0.88% 1254 32.35% 

270 31.25% 9 1.04% 864 22.29% 

60 6.86% 8 0.91% 875 22.57% 
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Discussion and Limitations 

During the analysis of the photos many limitation specific to this set of data 

were discovered. The initial difficulty was in that photographs were not exact 

repeats of the original photo. This meant that the photos included different 

distances to the image, different directions (including different aspects of the 

environment), and not all directions were repeated each year. Due to these 

limitations the analysis of some photos could only use as little as 20% of the 

image. This held challenges for grid counting which may have lead to different 

results being counted for images of 20% compared with the larger images of 

around 80%. Also as a result of these differences some photos had to be 

entirely omitted from the analysis as they simply did not have the same area 

present as in other photos. 

Another difference between the photos of different years is the month in which 

they were taken. Photos were ideally taken at the time of minimum snow 

cover, however it appears that this was not possible in all years. 

Consequently the values of snow/ ice cover and soil are not true indicators of 

any anthropogenic change but may simply be due to seasonal variation. 

Another limit with this was for the years in which photos have been taken 

twice, for example in 1994 photos were taken in November and in December. 

This has made a challenge for comparing photos with from different years, as 

the two main variables of the landscape which change are not real indicators 

of an anthropogenic impact. 

What can be observed as a true change is the amount of storage present in a 

photo, although this is not always a true representation of the amount of 

storage, with storage in the foreground appearing larger in the grid square 

count. Despite this limit the piles of equipment, boxes and containers 

(described in the results as storage) stored does appear to have reduced with 

time. In the most recent photos from 2004 we can also see change with Site 2 

showing the development of the Hillary Warm Store, meaning that more of the 

image is described by buildings (about 35% in 2004.) The impact from vehicle 
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tracks is difficult to determine from photo analysis, as roads are not always 

visible and therefore some areas of disturbance may be missed. 

In general the analysis of photo monitoring photos for the period 1994- 2004 

has shown the Scott Base footprint to have remained static. In some areas 

the intensity of this footprint has decreased, such as storage, and in others it 

has increased, with new buildings. 

Conclusion 

The photo monitoring of Scott Base Antarctica has shown the base's footprint 

to be neither significantly increasing nor decreasing, rather it appears to have 

remained static. The photo monitoring itself has many limitations however, 

which mean that the certainty of this result is minimal. 

The system of photo monitoring currently in place at Scott base is not 

adequate to accurately define the human footprint. The many limits to the 

photos means that only a couple from each year are able to be compared with 

other years, as many do not include the correct areas, take the wrong 

direction, or appear to be taken from different locations. Problems of photos 

being taken at different times of the year, and not always necessarily at a time 

of minimum snow cover, have meant that some results of the analysis actually 

hold little value. With greater consistency of photo monitoring techniques I 

believe that many current limitations can be removed and a valuable record of 

the Scott Base environment and a useful monitoring tool will ensue. 

Recommendations 

In the Arctic the goal of eliminating or reducing impacts has looked at air 

emissions, releases to water, releases to land, spills and loss of habitat. 

Through these studies, means of avoiding impacts to the land and the 

surrounding environment have been identified, such as locating sites so as to 

avoid sensitive areas and elevating buildings to protect permafrost. A huge 
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success has been achieved through eliminating reserve pits for surface 

storage or drilling muds and cuttings, with a 70% reduction in surface impacts 

achieved (AMAP, 2005.) 

The increasing trend for cooperation and international collaboration has 

meant that it is now possible to further reduced Antarctica's human footprint 

by centralising support functions and sharing or consolidating facilities 

(Kennicutt et al, 1996.) Sharing the cost of monitoring activities will also help 

in reducing the footprint, for example through more regular aerial 

photography, which gives an indication of the footprint by highlighting 

disturbed areas, undisturbed areas, vegetative cover, building cover, and 

snow and ice cover from aerial photography (Antarctica New Zealand, 2000a; 

Puschman et al, 2005; Kennicutt et al, 1998b.) 

Many people now recognise the value of GIS and associated techniques, and 

believe that this is a part of the future of data management for Antarctica. GIS 

will help optimise access, analysis and storage of data produced from 

monitoring programs in a universal system (GERG, 2000; Kennicutt et al, 

1999.) This can be combined with a Digital Elevation Model (OEM), which is a 

numerical representation of topography within the monitoring area. A OEM 

can assist with the analysis of pollutant transport mechanisms and changes in 

topography over time, with benchmarks of vertical elevation assisting in 

identifying subsidence from human activities (GERG, 2000; Kennicutt et al, 

1999; Kennicutt et al, 1996.) It has also been suggested that a GPS point 

could help with the exact replication of repeat locations for fixed point photo 

monitoring (Antarctica New Zealand, 2000b; Puschman et al, 2005.) 

Remotely sensed data has proven to be an effective means of assessing 

changes in land use/land cover over time. Changes in snow cover due to 

anthropogenic activities, such as transportation and research, can be 

quantified using remotely sensed images. These can then be compared for 

different years to identify change (Puschman et al, 2005; Kennicutt et al, 

1998b.) 
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The production of a State of the Antarctic Report has been discussed for a 

number of years with little progress. Such a report, it is suggested, would be 

of assistance to both science and policy and should therefore be considered 

more of a priority (Kennicutt et al, 1996.) The production of this report would 

also help the move towards international cooperation and universal monitoring 

standards (COMNAP, 2005.) 
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Appendix 1 

Table 1- Summary of the current knowledge of environmental impacts at 

McMurdo Station, Antarctica (Kennicutt et al, 1998b.) 

Matrix Disturbance Indicator Srhere of Influence 

Air • Low level air pollution • gas phase-CO, SO:i, NO:i, • McMurdo Station 
from combustion (continuous proper 
related activities measurements) 

• particulate phase (dry 
deposition)-heavy metals 
(Cd, Pb), PCBs, dioxins, 
dust, S042-, N03- (S&N 
oxidized tracers), PM2.5, 
PM10 

• wet phase (wet 
deposition)-Snow 
fall/ snow-pak. Same as 
for particulate phase 

• Disturbance due to fly- • visual, noise level • Air Operations Areas 
overs and Flight Paths 

• Noise • frequency levels • McMurdo Station 

Water and Soil • Erosion • vegatation coverage, • McMurdo Station 
topography change 

• Disturbed Drainage • erosion, vegetation • McMurdo Station 
coverage 

• Retreat of Snowfield • coverage, dust • McMurdo Station 
• Contaminated Runoff • petroleum, Pb, Hg, Cd, • McMurdo Station, WQB 

including Leachates Cu,Zn 
• Contaminated • petroleum, Pb, Hg, Cd, • WQB, Fortress Rocks, 

soils/ice/snow Cu,Zn Air Operation Areas 
• Fuel/Hazardous • peh·oleum, other • McMurdo Station 

Materials Spills chemicals environs 
• Landscape change- • vegetation coverage, • McMurdo Station 

(mechanical actions, species composition, soil 
constructions, compaction, water 
excavations, fill, infiltration rate 
explosions, compaction) 

• Disturbed Communities •community structure, • McMurdo Station 
species diversity, Environs 
abundance 

Sediments[Biota • Contaminants • petroleum, PCBs, PCTs, • WQB, Adjacent Shore 
PB, Hg, Cu, Cd, Zn 

• Debris • visual • WQB 
• Sewage Discharge • coliform bacteria, • Discharge, Adjacent 

coprostanol, BOD, COD Shore 
• Contaminants in Biota • petroleum, PCBs, Pb, Hg • WQB 
• Disturbed Benthic • community structure, • WQB 

Comn;mni ties species diversity, 
abundance, toxicology 
tests 

• Disturbed Pelagic • detoxification enzymes • WQB 
Organisms 



Table 2- Summary of the terrestrial monitoring program at McMurdo Station, 

Antarctica (Kennicutt et al, 1999.) 

Monitoring Pro~am Indicator Monitoring Goal Addressed 

Terrestrial 

• Aerial Photograghy • Alteration of Landscape • define physical "footprint" of 
the station 

- area of disturbance 
- vegetation coverage 
- classification of usage areas 

(buildings, storage tanks, 
roads, landfills, snow 
disposal areas, pipelines, 
excavations) 

- snow cover (extent, 
thickness, and density) 

• Point Samgling • Regional Scale • define physical "footprint" of 
the station, calibration of 
photodocumentation 

- vegetation coverage 
- snow/ice coverage 
- disturbance 
- soil compaction 
- water infiltration 
- permafrost thaw depth 
- snow thickness 
- snow density 

• Local Scale (soils/snow/ice • define the "footprint" of the 
runoff) station, test stability of 

historical disturbances 
- Petroleum Hydrocarbons detect spills and leakage 

Specific Hydrocarbons detect combustion emissions 
(aromatics) 

- Pb, Hg detect disposal of metal 
wastes, corrosion of 
pipelines 

- Fe, Al - normalization to recognize 
anthropogenic sources 

- Particulates, pH (snow/ice) - air emissions, combustion 
products, dust 

Grain Size, TOC, TIC, - normalize data 
Soil Compaction, Moisture calibration of 
Content, Salinity Content photodocumentation 
(sediments) 



Table 3- Assessment form for the environmental impact assessment of the 

Cape Roberts Project (Waterhouse, 2001 a.) 

Impact Severity and Extent of Impacts 
Assessment 
Criteria High Medium Low Negligible 

(max impacts) (min impacts) 

Disturbed Abundant > 25 Many/few 25-10 Few< 10 None visible 
surface stones 

Stone Fresh, sharp Distinct, slightly Shallow None visible 
impressions edged rounded indentations 

Boot imprints Fresh Indistinct Just visible None visible 

Visibly > 100 sq m 100-20sqm 20-5 sq m <5 sq m 
disturbed area 

Surface colour Strong contrast Moderate Weak contrast None visible 
difference contrast 

Surface Very fresh Distinct Weakly visible None visible 
impressions 

Ground Strongly defined Moderately Weakly Not visible 
tracking defined defined 

Extent of > 100 metres of < 100 metres < 10 metres No tracks visible 
ground tracking tracking length length 

Foreign objects Many Some Few None 

Fuel spills Very obvious Visible Faintly None 
distinguished 

Biological > 5 sq m 5-1 sq m < 1 sq m None visible 
disturbance 

Disturbance Disturbed and Clearly visible Weakly Disturbance 
intensity very obvious disturbance distinguished not visible 

Extent of recovery No recovery Impacts still clearly Impacts Fully 
of previously observable. visible. faintly visible. recovered. 
occupied sites Impacts fresh and Signs of recovery Recovery almost No impacts 

obvious. observable. complete. visible. 
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