
  

 
Participatory GIS for Sustainable Development Projects 

�

Haikai Tane1, & Xiaojun Wang2 
 

1 Adjunct Professor Sustainable Development 
Chinese Academy of Sciences Lushan Jiangxi 

Director Watershed Systems Limited 
PO Box 108, 11 Mt Cook St Twizel, New Zealand 

Phone: +64 3 4353 228 Fax: +64 3 4353 227 
Email: taneh@watershed.net.nz 

 
2 Scientist - Forestry Engineer, PAAF Project,  
Shanxi Forestry Academy, Taiyuan PR China. 

Phone: +86 351 781 0483 
Email: juniorwang@126.com 

 
Presented at SIRC 2007 – The 19th Annual Colloquium of the Spatial Information Research Centre 

University of Otago, Dunedin, New Zealand 
December 6th-7th 2007 

 
 

ABSTRACT 

The role and performance of participatory Geographic Information Systems (PGIS) 
in community and regional projects are described and evaluated from case studies in 
the Murray-Darling Basin (Australia), the Waitaki Basin (New Zealand) and Shanxi 
and Jiangxi provinces (China). In this paper we report on several projects conducted 
during the past decade designed to audit watersheds, alleviate poverty or restore 
degraded landscapes operating below their ecological potential. The history and 
nature of PGIS and their characteristics are discussed briefly. Early GIS based on 
vector style mapping were constrained by unfamiliar technology, social attitudes and 
cartographic illiteracy. Newer, more user-friendly PGIS based on seamless, true 
image (orthophoto) mapping are proving better suited for community and regional 
development projects, particularly ones requiring fair and equitable community 
participation through open, transparent processes. Some remaining constraints to 
their widespread deployment are also discussed. 
 

Keywords and phrases: participatory GIS, environmental restoration, community and regional planning, 
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1.0 INTRODUCTION 

Participatory community and regional projects are now commonplace in humanitarian arenas, international aid 
programmes and community development practice. Increasingly, PGIS is being used for coordinating watershed 
audits, environmental restoration and poverty alleviation projects seeking to comply with international law for 
human rights, sustainable development and environmental protection (UN Agenda 21).  

Originally developed and deployed as sophisticated GIS tools for modelling complex environmental projects, 
they depended on expert GIS chauffeurs to run them. One successful prototype developed in Canada, Adaptive 
Environmental Assessment and Management (AEAM) combined mapping, modelling and monitoring of 
watersheds with community and regional participation (Holling 1978, ESSA 1982). Subsequently, AEAM was 
employed in many countries including Australia where it was applied successfully to model disparate demands on 
the Macquarie Marsh complex (Norris & Jamieson 1990).  



  

Early expert “black box” GIS were prone to criticism for disempowering local communities; by failing to meet 
user needs and requirements, for being too technocratic and too open to manipulation by experts (Kuenzlen 1972, 
Tane & Nanninga 1992, Cinderby 1999). Their development was also relatively expensive, time consuming and 
often compromised by a lack of cartographic literacy and geospatial knowledge among key participants.  It was 
not until relatively powerful computing facilities and computer literacy became widespread in the 1990’s that 
PGIS became a more practical tool for community and regional projects.  

In recent times, PGIS has become widely associated with community mapping, open source and web based GIS 
for sale on the internet (Carver et al 2001, PPgis.net 2007). Few of these commercial products meet the needs 
and requirements of participatory community and regional development programmes, directed and run by user 
groups for property based projects which require high levels of spatial resolution, cartographic accuracy and up-
to-date true imagery (Wang et al 2007). The participatory projects reported in this paper were completed by 
project teams trained by GIS professionals experienced in participatory community methods. New generation 
PGIS seek to enable mapping, modelling and monitoring within an integrated framework encompassing planning, 
development and conservation needs defined and developed by user groups (Tane & Yu 2002, Wang et al 2007). 

1.1 Comparing Participatory GIS Projects 

Participatory community and regional projects in Australia, China and New Zealand are outlined and the role of 
PGIS evaluated. These case studies are PGIS based projects designed to be user-friendly and easily accessible to 
rural communities at little or no cost. Briefly introduced in the list below they are discussed in Part 3. 

·  Australia 
River Murray on CD-ROM is a true image based GIS developed during the early 1990’s for 
coordinating planning and development of the River Murray and its floodplain (Tane 1992). Based on 
seamless, digital orthophoto mapping of the River Murray floodplain traversing south eastern Australia, 
it provided a common GIS platform for local, regional and state agencies to enable effective 
coordination of programmes for the Murray (Tane & Nanninga 1992). Copies of River Murray on CD-
Rom were readily available to community groups and rural landholders enabling community 
participation from the beginning. In 1992, China sent leading scientists to locations around the world to 
develop GIS capabilities. The Murray-Darling Basin Commission was one location selected that led to 
user-friendly GIS development. 

 
·  China 

The Lake Poyang Watershed project (Tane & Yu 2002) provided an integrated PGIS framework for 
sustainable development, resource management, and environmental protection of the mountain-river-
lake watersheds comprising Jiangxi Province. An objective of the project was developing a system and 
framework for auditing watersheds for compliance with the 27 key principles of UN Agenda 21 for 
sustainable development and environmental protection (UNESCO 1992). 
 
The Shanxi PGIS was built collaboratively with village communities undertaking rural development 
projects funded by a Chinese-German international aid partnership. PGIS is the approach developed for 
the participatory agriculture and forestry (PAAF) project in Shanxi province aimed at developing and 
implementing sustainable land use systems by using participatory approaches with rural communities 
(Wang 2003, Wang et al 2007).  

 
·  New Zealand 

The Waitaki Basin watershed “intelligent geospatial imaging system” (iGiS) brought together two 
separate projects. The first one commenced in 1976 the year the Waitaki Basin was adopted as New 
Zealand’s representative watershed for UNESCO’s Man and the Biosphere Program (Tane & Paterson 
1978). The second project conducted during 2002-05 was the 25th anniversary audit.  

The Waitaki iGiS project involved developing a participatory GIS framework with farmers and rural 
stakeholders for mapping, modelling and monitoring sustainable development of the Waitaki Basin. The 
Waitaki iGiS integrated 3D true image orthophoto mapping, watershed modelling of habitats and 
regoliths and environmental monitoring of permanent benchmarks. The Waitaki iGiS project was 
developed in parallel with the GIS framework for Lake Poyang watershed to help develop auditing 
protocols in compliance with UN Agenda 21.   

�
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1.2  GIS and User Requirements 

In participatory GIS for sustainable development, people’s needs and requirements take precedence over 
sophisticated GIS techniques. The process of participation (including the collection and extension of information) 
is more important than GIS “technical” issues or special capabilities requiring expert GIS chauffeurs. Effective 
participation and implementation with and by the stakeholders are the main criteria. In this respect, PGIS projects 
are invariably capacity building projects engaging communities in learning-by-doing exercises in real world 
situations while developing and implementing the PGIS (Walters & Holling 1990).  
 
Working directly with potential user-groups from the outset is fundamental to developing successful PGIS. When 
there is no discussion or involvement by the community about what kinds of GIS are appropriate for their user 
groups and how they will be able to operate them, the technology of GIS construction tends to overwhelm users 
and confuse them. Our experience shows that sophisticated multi-theme layered GIS are of limited use to 
villagers, rural landholders or community groups. This approach to GIS design and development does not enable 
fair and equitable participatory processes or facilitate capacity building in GIS technology.  
 
The integrated “tool box” approach to GIS tends to focus more on user-friendly methods of collecting, storing, 
retrieving, transforming and displaying spatial data for wide ranging purposes like locating positions in the field, 
sustainable development planning, integrated resource management, monitoring assets, assessing natural  
hazards, as well as many other applications. Integrated tool box GIS are modern geospatial technologies that 
make maps in ways that are more intuitive and understandable to non-experts. In essence they turn true image 
pictures like aerial photos into accurate maps that can be used with an easy-to-drive GIS engine to make maps 
based on actual features like property boundaries and local features involving sub-meter accuracy and pixels. 
 
A well designed integrated tool box GIS should allow participants to display different spatial data sets in the field 
while recording position coordinates (e.g. property boundaries, watersheds, habitats, landuse ecosystems, 
environmental resources and farm assets down to individual trees). In participatory projects image mapping is 
taken into the field routinely to collect geo-referenced data using dynamic GPS links to the imagery. While back 
in the office, the GIS research and development continues with query links among data sets. The path we are 
following leads to fully mobile PGIS equipped with real time GPS, prepared suites of true and false imagery for 
recording on-the-spot interpretations. Decision support systems for particular activities, and GIS gaming tools for 
integrating complex activities generally occur back at the project base office. .  
 
 

2.0 TECHNOLOGICAL CONSIDERATIONS  

GIS are now being used in far-ranging fields including environmental design, land use planning, resource 
management, natural hazard mapping, urban and rural asset management, coordinating emergency services and 
implementing environmental planning for sustainable development. Some low cost options are available as open 
source, web based applications. There are many alternative modelling strategies for developing GIS, focusing on 
different user viewpoints, each with different technological needs and requirements. Consequently, it is necessary 
to have a sound understanding of GIS technology and constraints.  
 
2.1 GPS, GIT and GIS 

The popularization of geographic positioning systems (GPS), geospatial imaging technologies (GIT) including 
remote sensing (RS), and geographic information systems (GIS) has encouraged experts in international 
development fields to adopt these tools for participatory development projects. Others however still view new 
generation geospatial technology as a significant impediment to participatory programs (Wang et al 2007).  Our 
experience helps clarify the key issues and define appropriate opportunities for PGIS. 
 
Geographic Positioning Systems (GPS) are small electronic satellite receivers with compact mini computers that 
can identify the geographic location of the receiver either continuously or at select time intervals. The geographic 
position is calculated in x-y-z-coordinates to geocentric datum based on the centre of the earth. These 3D 
coordinates replace the two dimensional x-y “eastings-northings” coordinates used on topographic maps. 
Previously, expert training was required to use GPS with digital mapping systems. Now there are low cost 
software packages available for sale over the internet showing how to use GPS in digital mapping applications. 
Highly trained GPS experts using survey base stations are still required to achieve high levels of cartographic 
accuracy required for developing digital terrain models and defining property boundaries. 



  

 
Geospatial imaging technologies (GIT) are a diverse set of digital scanning, remote sensing and environmental 
imaging systems commonly used in mapping and monitoring applications (Hall 1992). Satellite, airborne and 
ground scanning systems can be linked to radio telemetry systems or downloaded directly by land line to 
computers. Digital imagery should be processed and calibrated complete with metadata details before loading 
onto the PGIS. 
 
Geographic Information Systems (GIS) are a suite of hardware and software tools for mapping geospatial data 
and modelling their relationships. In their simplest form some GIS are little more than digital map cabinets 
containing predetermined thematic mapping sheets. More sophisticated GIS may provide sophisticated object 
oriented and relational databases registered to suites of map and overlays enabling system simulations and spatial 
analysis.  
 
2.2 Cartographic Platforms 

Up-to-date, accurate and reliable true image digital mapping is now considered a prerequisite for developing a 
PGIS for community and regional development projects. Cartographic illiteracy is commonplace in the 
community with the result that vector maps and false colour imagery cause confusion, generate distractions and 
provoke criticism for being open to subjective interpretation. Simply stated they are overly abstract and too 
difficult for everyone to read reliably. High resolution, true colour digital orthophoto maps are preferred because 
they are accurate, reliable and easily read by those without any cartographic training.  
 
Topographic maps are unsatisfactory platforms for PGIS. They involve abstract cartographic models that require 
considerable training and experience to become reliable tools. Even in developed industrial countries with 
relatively high levels of cartographic literacy, project experience shows very few professional people can use 
topographic maps reliably. Mostly people find it difficult to locate places on topographic maps let alone navigate 
by them or read the landscape. More advanced applications like evaluating resources from topographic maps are 
special skills that take many years to accomplish even with proper training. 
 
Aerial photos are pictures not maps and should be used with caution. Generally speaking, aerial photos are 
irregularly distorted images that are cartographically unsound. Lens and angle distortion commonly create 
differential scales across the photo. Where there is significant relief, as in hilly and mountain areas, scale 
discrepancies across a single aerial photo can create linear errors between 10-100%. Measuring areas may err 
much more as a result of multiplying linear errors (Nanninga, Tane & Golding 1992). Aerial photos and satellite 
images cannot provide the geospatial framework for geographic information systems without geo-referencing – 
that is transforming the photos and images into maps. The two main methods for doing this – image rectification 
and orthogonal correction – are sometimes hybridised in rectified orthophoto maps. 
 
Image rectification is digital “rubber sheeting”. Ground control points are identified on the aerial photo and the 
image is stretched and shaped digitally to fit the known ground controls. Image rectification produces crude maps 
that are adequate for finding relative locations for navigation purposes. They are however unsuited for accurate 
and reliable measurement of distances or areas. Even if hundreds of control points are used to rectify an aerial 
photo, the accuracy of the outcome while much better still falls short of proper orthogonal correction. Orthophoto 
rectification indicates a hybridised method of digital map production that falls short of full orthogonal correction. 
Orthophoto rectification is a two-dimensional correction process. The quality of the results is less accurate than 
with full orthogonal correction. It will be necessary to check the map’s metadata dictionary to establish its 
cartographic accuracy and whether it can define property boundaries reliably. 
 
Full orthogonal correction of airborne or satellite imagery is required to remedy lens, angle and slope distortion. 
The scanned image is draped by computer over a digital terrain model (DTM) developed by digital 
photogrammetry from accurately surveyed ground controls. Once the orthophoto map is produced, contours can 
be generated by the GIS software from the DTM. When produced by properly trained and experienced 
photogrammetrists, digital orthophoto mapping provide standards of geospatial accuracy normally only achieved 
by skilled surveyors. Modern digital orthophoto mapping is much more accurate and costs (as a rule of thumb) 
about one-tenth of traditional topographic paper mapping with equivalent cartographic standards. 
2.3 Modelling Strategy and Decision Support Systems 

The trend to use GIS in an ever increasing range of spatial decision-making situations makes selecting a 
modelling strategy for designing and developing participatory GIS a fundamental issue. This task requires a 
person experienced not only in GIS development but also in developing user-friendly applications for 



  

participatory programmes. In participatory programmes, there is probably no such thing as a general purpose, off-
the-shelf GIS. Each situation is different and each project has varying goals and objectives. Like most tools one 
type of GIS cannot serve all needs and requirements.  
 
Thematic multi-layered GIS methods involve building and storing many different theme layers each with their 
own spatial units and legends. They are in reality digital analogues of paper mapping technologies. Traditional 
paper maps are made from incremental processes of sequential plate printing each using separate colours to 
comprise a specific map. Paper mapping processes aggregate a wide range of specialized information using 
processes very different to digital computers. A specialist GIS chauffeur is needed to operate this type of subject 
oriented GIS.  
 
Realizing a fuller range of GIS capabilities depends on integrating the GIS modelling strategy and supporting 
software with an object oriented database system developed to enable decision support systems (DSS). This 
approach builds on the inherent nature and potentialities of digital computing processes. Ideally all three should 
be integrated through systematic design and development so that it is robust, user-friendly and reliable.  Instead 
of a large number of thematic layers, advanced GIS with system simulation and decision support capabilities 
operate with a limited number of objects each with its own relational database (Figure 1, Tane & Yu 2002). 
 
In participatory community and regional development programmes, specialist approaches to developing GIS 
requiring expert GIS chauffeurs are not appropriate. Whether warranted or not, black box DSS built into the 
PGIS are still treated with grave suspicion. The needs, requirements and capacities for applying GIS within 
communities begin with the presumption that the community will be driving the GIS themselves most of the time, 
not GIS specialists. It is important that members of local communities are able to follow each step of the 
decision-making process and become the main drivers of the GIS quickly. Hands-on training during the 
development of PGIS helps ensure the community are empowered by the technology. Follow-up monitoring and 
evaluation is required to ensure correct use. This capacity building process encourages commitment, heightens 
keenness and results in information being shared more equitably.  
 
PGIS combines both quantitative and qualitative methods and relates them through community development 
processes and regional initiatives to unite conventional knowledge with community cultural intelligence. In this 
way, local customs, proven rural practices and traditional knowledge are brought into PGIS design and 
development. This allows participatory surveys and data collection within local communities in ways that reflect 
actual and perceived situations in the villages. 
 
An easily accessible and reliable PGIS can only be an effective participatory tool if the appropriate modelling 
strategy is adopted. Decision support systems should be open and transparent. They should not be included as 
expert “black boxes”. Often this means making the decision support systems external to the PGIS until the users 
agree that it becomes part of the digital PGIS. This may take some time. A more immediate challenge is locating 
and maintaining computers in public places, like school libraries open to the community and rural cooperatives in 
villages where they are readily accessible. Locals need to be able to capture, verify and print out data and other 
related information as well as circulate it throughout the community for interactive discussion and feedback. In 
this way maps, resource information, economic opportunities and environmental issues can be circulated quickly 
throughout communities.  
 
 

3.0 CASE STUDIES  

 
Participatory programs for sustainable development projects in the Asia-Pacific realm can involve restoring 
watersheds while regenerating sustainable livelihoods through new enterprises (Tane & Xiubo 2002, Wang et al 
2007). The PAAF Project, River Murray on CD ROM and Waitaki Basin Watershed projects all demonstrate the 
importance of engaging local communities and including landholders on teams developing and implementing 
PGIS. 
 
 
3.1 Lake Poyang Watershed Jiangxi China 

The prototype iGiS (intelligent geospatial imaging system) developed for the Lake Poyang watershed was part of 
a major Sino-German cooperation project in Jiangxi province China. The purpose of the prototype Poyang iGiS 



  

was to provide a common geographic platform for coordinating all stakeholders in the watershed and to help 
implement participatory approaches to sustainable development. The project team appointed to develop the 
integrated framework for Lake Poyang carried out its brief through participatory training workshops, extensive 
field surveys, benchmark surveys of the watershed, and designing the Poyang Watershed iGiS collaboratively.  
 
The prototype Poyang GIS was a satellite image based iGiS with an object oriented database (Tane & Yu 2002). 
While project GIS are continuing, implementation of the Poyang watershed iGiS awaits completion and release 
of comprehensive digital orthophoto mapping for the province. In addition to mapping, modelling and monitoring 
capabilities, the Poyang watershed iGiS is designed to coordinate sustainable development of the watershed and 
manage environmental restoration and poverty alleviation initiatives through participatory programmes.  

 
Figure 1 Lower Gan River valley landform regoliths showing location of permanent benchmark transect. 
Source Tane & Yu 2002.  

 
An interesting aspect of the Poyang watershed iGiS modelling strategy was provision for real time watershed 
management using automated remote sensing at permanent benchmarks and key facilities; all linked by telemetry 
and incorporated continuously in the iGiS (Tane & Yu 2002).  While real time hydro management is a reality in 
many parts of the world (for example Waitaki Hydro Project), real time watershed management incorporating 
environmental health and sustainable development through participatory programmes remains a challenging 
prospect.   



  

3.2 Participatory Approaches in Agriculture and Forestry Shanxi China�

The Participatory Approaches in Agriculture and Forestry (PAAF) project in Shanxi province is a Sino-German 
cooperation project in China. The objective of the project is to implement participatory approaches for 
agriculture and forestry in pilot village projects, to monitor and to evaluate their benefits for alleviating poverty 
and restoring the environment. 
 
The performance of PGIS as a tool for participatory land use planning (PLUP) was studied and developed over 
seven years in the PAAF project. Because of the lack of computer literacy among the poor villagers it was 
necessary to carry out training and surveys using orthophoto maps before beginning to design or apply GIS in the 
project. 
 
Initially a question arose whether the villagers would be able to read the orthophoto maps well enough to reliably 
assess the land use situation and environment problems in their villages. The results clearly indicate that these 
concerns were unfounded. Male and female villagers, no matter whether they were poor or powerful, with little or 
only low levels of literacy, could readily determine exact locations of their homes, farms and fields from 
orthophoto maps of their villages and relate vast amounts of detail about each one. They became so attuned to 
using the true imagery provided by the orthophoto maps, they also completed other mapping assessments 
achieving high levels of reliability. 
 
The following operational steps for the PAAF PGIS were implemented to enable participatory land use planning 
in the pilot villages (Figure 2). The key steps are described in the text  

 
 
�����������	
	��������
���	����������	�	���
�
��� ��������� ��� ������� ����� � ��� !������� ���"�� � ��� ����#�
������������ ��� ����������� "��  � ��!� ��������� ��� ��� ��
�� ��$�����  ���� � �����!���� ��� %�������  �&�� '��()** *� ���
��+)***,��
�
-�������������!��� ����� �  ��� ��������%������ ��. �� �)�����
%������� � ��!� ������� �#��/� ���������$����� �� ��� �� �0���
��"������1� ��%��� � � �����%�!�� ����� ��!�%�!$��� ��!�
���$�� �  �  "��� � ���� "�!�� 01� ���� %������� �
���" ��%� ���
�
2�� ���������� ����������� � ���� �� ��!� ��� ���$����#�� / ����
 �  ��� � ��� ���0��� �����"���� ��� ���!� $ �� ���!����� �
��!� ��#� ������ %������� � #���� "��� ���"� �����!���� ���
 ���!��!����!����  ����������"����! ���
�
3�� .�����1� ���� !�����$���� )� ���!� $ �� ���0��" � ��!�
�� �$���� �������� � ���� !� �$  �!� 01� ���� %������� �� 	��
���� � ��� !�$0�� �"����� ���1� ���� ���$��� ��� ���� ��	�� � ��
�� ��%��!��������� �����4��������#�#�1 ��
�
(�� 
���������� ��!� �%��$������ � � ����$!�!� ��� ���� ��� ��  �
���������� $������������%���� ��"���"����!�������%� �#�!�
��!�������������"������  �  �!��
 

 
There are many useful applications of hard copy imagery like orthophoto maps in participatory community 
programs: for example, laminated or transparent plastic overlay over the orthophoto map. They can be used by 
the community to discuss the land use situation in the villages by drawing on the overlay with overhead projector 
pens. Individual villagers or village teams take turns to complete their part of the picture. They all collaborate on 
final mapping. In this workshop scenario, the GIS planner worked as the trainer-facilitator while the villagers did 
the actual mapping. 
 
 
After site mapping and data collection in the villages, the planners collated and discussed various styles and 
formats with key stakeholders. The information was then processed in the office, compiling a draft map complete 

Fig. 2 PGIS Procedure in PAAF Project 

The GIS maps are the 
bases of PLUP 
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with draft legend and explanatory notes. Various formats were used to display the information in different ways. 
The maps were discussed with the villagers and bit by bit the information was verified or corrected. The maps 
were then presented for comment to political decision-makers, agency directors and key technicians at the county 
level.  By progressively engaging a wide range of stakeholders in these participatory processes mapping errors 
were eliminated gaining widespread recognition and acceptance of the data. The mapping was finalised and 
printed by the PGIS planning team. The land use maps were released to councils, agencies and village 
communities, inviting them to adopt them as the common map bases for coordinating participatory land use 
planning. GPS receivers were found to be complementary tools, ideal for corroborating sites located on the 
orthophoto maps and recording detailed items like wells, springs, transformers and the boundary of villages 
which are not always clear on the ground.  
 
Through the application of PGIS in the PAAF project, key members of the village communities were able to 
engage effectively in the land use mapping and planning process. During this process the PGIS changed from a 
tool for “experts” and emerged as a tool for villagers to better understand their living space and land use 
situation. This in turn stimulated the exchange of information with other communities and the outside world. 
 
 
3.3  River Murray on CD ROM, Murray-Darling Basin C ommission, Australia 

In 1990, the Murray Darling Basin Commission Canberra began coordinating floodplain planning and land use 
development for the River Murray - Australia’s largest river. Better known as a riverine system comprising 
distributaries weaving through the rural heartland of the island continent, the River Murray is enmeshed by a 
multiplicity of overlapping organisations and agencies.  The Murray floodplain straddles three states (New South 
Wales, Victoria and South Australia) before its trickling remains enter the Great Southern Ocean.  
 
Coordinating 40 local councils and innumerable government agencies in three separate state jurisdictions each 
competing for resources while sharing the same river was a challenge (Tane 1992). After surveying the mapping 
needs and requirements along the length of the river, the main dilemma became apparent. There were a plethora 
of maps (many of them unreliable) being used incorrectly by nearly everyone including scientists (Nanninga et al 
1992).  The initiative progressed significantly only when everyone started using up-to-date true image orthophoto 
mapping for the whole river. This simple step enabled everyone in the riverside communities, including 
organisations and agencies, and those visiting the Murray to read the maps easily and reliably.  
 
River Murray orthophoto mapping covers 2,500 km of the River Murray corridor up to 25 km wide with high 
resolution monochrome 1.25 meter pixel orthophoto imagery. A self-funding program planned to be repeated 
every five years by the Murray-Darling Basin Commission (MDBC), it achieved consecutive editions (Fig.3).  
 

 
 

Figure 3 River Murray Mapping on CD-ROM 2nd Edition produced near infrared orthophoto maps. 
The 1st edition produced black & white true imagery for benchmarking false colour satellite imagery.  



  

River Murray Mapping on CD-ROM (Tane & Nanninga 1992) became a benchmark for digital mapping systems 
in Australia when it won the Australian Gold Medal for Environmental Technology. Simple to learn to use, the 
GIS engine provided with the orthophoto imagery was Terrascan Pro, a prototype imaging and surveying GIS 
developed in Australia later sold to ESRI USA. It combined raster imagery, vector line work, image processing, 
3D viewing and interactive real time GPS capabilities with a modest database facility.  Arguably, one of the 
earliest mobile GIS and easiest to use tool-box GIS it was later decommissioned by ESRI.  
 
Several years were spent providing training and developing applications with River Murray Mapping on CD-
ROM all along the River Murray for Councils, on house boats and at farms. Many of the trainees had no previous 
keyboard or computing experience, however they found locating themselves and exploring the image mapping by 
“mouse” quick-and-easy to learn. Most people found the functions intuitive and straightforward. Interestingly, 
some of the pioneering applications were developed by riverine landholders (farmers, foresters and fishermen) 
seeking reliable, up-to-date mapping for their planning and development purposes. Soon it became the most 
common geospatial platform for all planning and management agencies along the Murray.  
 
During the 1990’s a wide range of community and regional planning initiatives along the Murray were able to 
adopt participatory community processes for the simple reason everyone could access, read and understand the 
River Murray mapping.  Having clearly defined the playing field for all stakeholders a host of long-standing 
problems evaporated. The second step was not so easy. Achieving clear, concise and simply expressed policy 
game rules for the river Murray took several years. This step was largely accomplished with enactment of River 
Murray Regional Environmental Plan No 2 by the NSW and Victorian governments.  
 
 

3.4 Waitaki Basin Watershed Audit 1976-78 & 2000-2005 

During 1976-78 intergovernmental teams of cartographers, surveyors, scientists, planners and resource managers 
undertook a comprehensive inter-governmental audit of the Waitaki Basin for the NZ Government (Tane & 
Paterson 1978). The first audit was carried out to benchmark environmental and resource conditions in the 
watershed at a time when the Upper Waitaki hydro project was advancing and major landscape changes were 
starting to occur. The Waitaki Basin iGiS Project was the 25th anniversary audit - a repeat of the original audit 
(Tane 2004). This time instead of butter boxes containing hundreds of stereo pairs of aerial photos and 
topographic mapping sheets, high resolution orthophoto mapping on CD-ROM was used (Figure 4). 
 

 
Figure 4. Waitaki iGiS orthophoto maps with contours were used for the 25th Anniversary watershed audit.  
 

Multi-disciplinary field teams comprising local post-graduates, field technicians and watershed professionals 
were trained in the use of true image mapping for auditing watersheds.  Over 100 kilometres of field transects 
were benchmarked for auditing and monitoring purposes. The farmers whose land was crossed by transects were 
invited to participate in assisting and monitoring the survey teams. Many farmers obtained copies of the digital 



  

imagery for their properties at far less than cost price, to use in their daily farm planning, development and 
management activities. They also participated in evaluating the field survey results. As some of the first farmers 
in NZ able to use high resolution, true image mapping on their farm computers it will be interesting to monitor 
and evaluate their progress.  

 

4.0 PARTICIPATORY PLANNING  

The key to developing an effective PGIS for community and regional development programs involving 
participation by rural landholders and village stakeholders is designing and developing the PGIS so that anyone 
with modest computer skills can drive the PGIS for most common applications. More difficult applications may 
require the PGIS planner to prepare information in advance or work alongside the community participants.  
 
When it comes to participatory planning programmes, if the PGIS needs a GIS expert to drive it for commonly 
used applications then it is probably poorly designed and inappropriately developed. Experience with community 
and regional development projects and participatory programmes show that when GIS technology is dominated 
by GIS specialists, disempowerment of the community is inevitable. 
 
4.1  Constraints and Limitations 

When undertaken by local villagers however, planning tools like resource maps and landscape transects are 
usually qualitative and subjective. While they are useful social tools for encouraging participation they are less 
useful as reliable maps of environmental conditions or resource prospects. Internal inconsistency, relative 
accuracy and cultural misconceptions are common problems. They are usually not true to scale with the result 
that areas mapped cannot be measured reliably. Further they mainly focus on commercial land use categories 
while ignoring a range of cultural activities and environmental functions. 
 
These problems cannot be attributed solely to the participants’ lack of mapping skills. Commonly, old aerial 
photographs, crude cadastral or topographic maps are all that is available to villagers, technicians and trainers for 
identifying and interpreting information. These platforms have significant cartographic shortcomings, involving 
scale, resolution, comprehension and reliability issues (Tane & Nanninga 1992). When participatory approaches 
are not implemented until after the GIS is structured and defined, it is likely to be less than adequate for the 
community’s needs. 
 
Nevertheless, these shortcomings do not wholly negate the important contribution made by participatory 
approaches in mapping and modelling resources. There are many other benefits that are becoming better 
understood and appreciated. The challenge however, is to improve the reliability and quality of true image 
mapping, by providing more reliable geographic platforms with more user-friendly capture techniques. At the 
same time however, it needs to be accepted that participatory landscape and resource appraisal maps (PLA, PRA 
maps) are unable to provide reliable and accurate mapping for assessing environmental conditions and trends and 
measuring the level of improvements achieved through participatory land use planning. 
 
Fortunately new image mapping platforms are now available in most countries that can solve most of these 
difficulties. True environmental imaging systems for example, like seamless 3D orthophoto mapping on CD-
ROM, offer geographic platforms that overcome common mapping problems cost-effectively. Importantly, they 
are more lifelike, intuitive and comprehensible than the abstract cartographics used for traditional paper mapping. 
They are however usually subject to corporate ownership and file size constraints that prevent their use in open 
source, web based applications. The solution is to provide GIS freeware with ECW compressed image mapping 
on CD or DVD. The Waitaki iGiS provides a 7 gigabyte image on a single CD-ROM using ECW compression so 
it can be accessed and manipulated quickly on regular desk top computers.  
 
There remain however, a suite of significant challenges and impediments to developing and implementing PGIS 
in community development programmes. They are not technical geospatial limitations so much as social, cultural 
and economic impediments. The short list following shows some of the limitations commonly encountered.  
 

·  Entrenched cultural impediments to equitable community participation – local power brokers continue 
to control project assignments and outcomes in their own interests.  



  

·  High cost of GIS software – integrated “tool box” PGIS freeware is required not subject to corporate 
ownership and royalties so that it can be shared and developed in the public domain.  

·  Specialist corporate GIS engines are user-unfriendly, unnecessarily complicated and very costly – in 
addition corporate ownership and controls of digital imagery and orthophoto mapping denies many 
stakeholders fair and equitable access to mapping.   

 
Local communities are more inclined to readily accept mapping systems in which they can play a key role. 
Correspondingly, “specialist” GIS keeps the communities at arms length and denies them equitable access to 
mapping used for community decision-making processes. 

 

4.2 Recommendations for Participatory GIS Programs  

General principles of mapping and cartography need to be understood by all participants for the reliable use of 
PGIS. Some capacity building and skills training programmes provide this type of training through learning-by-
doing activities. Preparing imagery, mapping layouts, metadata dictionary and explanatory legends are all tasks 
that should be designed and compiled with the stakeholders at an early stage of a PGIS project. 
 
To ensure accurate and reliable geospatial platforms are employed, ones capable of generating reliable mapping 
in user-friendly formats, a strategic approach is required: one that enables stakeholder groups to produce reliable, 
up-to-date and accurate maps of environmental resources and their development potential. 
 
First and foremost, the PGIS should be based on fair and equitable principles for community participation. 
Geospatial information technologies are fast becoming basic tools requiring specific participatory methods. If we 
are to enable communities to record information reliably about themselves and others, data collection becomes a 
key process no less important than the information itself. 
 
Secondly, PGIS modelling strategies will involve different platforms and database systems to the cartographic 
GIS based on the thematic multilayered map approach. Issues like the type of GIS suiting participatory projects 
and equitable involvement in key GIS procedures, and selecting a PGIS design that is simple to drive and operate 
with modest computer skills are not addressed in the specialist GIS approach. 
 
Thirdly, access to PGIS maps and data helps communities, farmers and villagers during decision making 
processes, while they are carrying out negotiations and helps coordinate management of shared resources like 
water. Like satellite TVs found in the most unlikely places, village communities and rural landholders only need 
to be able to use the PGIS; they don’t need to be expert in their design and development. 
 
Finally, indigenous icons and symbols with geospatial content should be paid closer attention and incorporated 
where relevant. In situations, where the mapping and assessments need to be “owned and applied” by local 
communities, they are likely to be accepted more readily when identified clearly by a community icon or symbol 
containing geospatial intelligence. Analogue and symbolic maps carved in stone and bone, or painted on 
buildings are integral parts of traditional knowledge. In China, traditional long-feng (dragon-phoenix) symbolism 
is an ancient representation of environmental water cycles and their interactions with solar and terrestrial systems. 
Similar iconography is commonly found in Aboriginal and Maori “art” (Tane & Nanninga 1992, Tane 2004a,b).    
 

5.0 CONCLUSION 

Where a PGIS is required for capacity building and participatory programs it is necessary to design and develop 
them together with user-groups step-by-step. Making sure it meets their information needs and requirements is 
only one reason. Equally important in designing and developing intelligent geospatial tools is providing the 
appropriate social and cultural framework for sustainable development. Capacity building and participatory 
programs are about restoring social systems and building cultural intelligence with appropriate cultural icons, 
scientific tools and user-friendly technologies. They are not about imposing GIS technologies and GIS gurus in 
the guise of advancing science and technology. Basically, PGIS is a new and developing “geospatial tool box”, 
the potential of which is only just emerging from the murky shadows of techno hubris. There are still a lot of 
issues that need further development and practice.  
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