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ABSTRACT

The role and performance of participatory Geographiormation Systems (PGIS)
in community and regional projects are describetl @raluated from case studies in
the Murray-Darling Basin (Australia), the Waitaka&in (New Zealand) and Shanxi
and Jiangxi provinces (China). In this paper weorepn several projects conducted
during the past decade designed to audit watersladiésiate poverty or restore
degraded landscapes operating below their ecologictential. The history and
nature of PGIS and their characteristics are dssidriefly. Early GIS based on
vector style mapping were constrained by unfamtéahnology, social attitudes and
cartographic illiteracy. Newer, more user-friendNs1S based on seamless, true
image (orthophoto) mapping are proving better sufte community and regional
development projects, particularly ones requirimy fand equitable community
participation through open, transparent procesSesne remaining constraints to
their widespread deployment are also discussed.

Keywords and phrasesparticipatory GIS, environmental restoration, comity and regional planning,
sustainable development, watershed audits, UN Ag@dd

1.0 INTRODUCTION

Participatory community and regional projects apgvrtommonplace in humanitarian arenas, internaltiaith
programmes and community development practiceefsingly, PGIS is being used for coordinating veited
audits, environmental restoration and poverty &lgon projects seeking to comply with internatibfeav for
human rights, sustainable development and enviratahprotection (UN Agenda 21).

Originally developed and deployed as sophistic&¢8 tools for modelling complex environmental pcige
they depended on expert GIS chauffeurs to run tit@me. successful prototype developed in Canada, theap
Environmental Assessment and Management (AEAM) doetb mapping, modelling and monitoring of
watersheds with community and regional participatiblolling 1978, ESSA 1982). Subsequently, AEAM was
employed in many countries including Australia whierwas applied successfully to model disparateat®ls on
the Macquarie Marsh compleX¢rris & Jamieson 1990)



Early expert “black box” GIS were prone to crititisor disempowering local communities; by failing meet
user needs and requirements, for being too techtio@nd too open to manipulation by experts (Klem972,
Tane & Nanninga 1992, Cinderby 1999). Their develept was also relatively expensive, time consunaing)
often compromised by a lack of cartographic litgrand geospatial knowledge among key participaittsvas
not until relatively powerful computing facilitiesnd computer literacy became widespread in the '$a8at
PGIS became a more practical tool for community r@gibnal projects.

In recent times, PGIS has become widely associatidcommunity mapping, open source and web bad&d G
for sale on the internet (Carver et al 2001, PRgts2007). Few of these commercial products meenteds
and requirements of participatory community andaeal development programmes, directed and rundey u
groups for property based projects which requigh tevels of spatial resolution, cartographic aacyrand up-
to-date true imagery (Wang et al 2007). The pauditwry projects reported in this paper were corepldiy
project teams trained by GIS professionals expeedrin participatory community methods. New genenat
PGIS seek to enable mapping, modelling and monigosiithin an integrated framework encompassingrptam
development and conservation needs defined andageeeby user groups (Tane & Yu 2002, Wang et 8720

1.1 Comparing Participatory GIS Projects

Participatory community and regional projects inskalia, China and New Zealand are outlined anddke of
PGIS evaluated. These case studies are PGIS begedtp designed to be user-friendly and easilgssible to
rural communities at little or no cost. Brieflyiatuced in the list below they are discussed it Bar

Australia

River Murray on CD-ROM is a true image based GlSettgped during the early 1990's for
coordinating planning and development of the RiMerrray and its floodplain (Tane 1992). Based on
seamless, digital orthophoto mapping of the Riverrsly floodplain traversing south eastern Australia
it provided a common GIS platform for local, regabnand state agencies to enable effective
coordination of programmes for the Murray (Tane &nNinga 1992). Copies of River Murray on CD-
Rom were readily available to community groups amglal landholders enabling community
participation from the beginning. In 1992, Chinatseading scientists to locations around the weold
develop GIS capabilities. The Murray-Darling BaSiommission was one location selected that led to
user-friendly GIS development.

China

The Lake Poyang Watershed project (Tane & Yu 2Q@@yided an integrated PGIS framework for
sustainable development, resource management, rancrmental protection of the mountain-river-
lake watersheds comprising Jiangxi Province. Arectdje of the project was developing a system and
framework for auditing watersheds for compliancehwthe 27 key principles of UN Agenda 21 for
sustainable development and environmental prote¢UNESCO 1992).

The Shanxi PGIS was built collaboratively with &dle communities undertaking rural development
projects funded by a Chinese-German internatioigapartnership. PGIS is the approach developed for
the participatory agriculture and forestry (PAARDject in Shanxi province aimed at developing and
implementing sustainable land use systems by ysamticipatory approaches with rural communities
(Wang 2003, Wang et al 2007).

New Zealand

The Waitaki Basin watershed “intelligent geospatrahging system” (iGiS) brought together two
separate projects. The first one commenced in 18&6/ear the Waitaki Basin was adopted as New
Zealand’s representative watershed for UNESCO'’s isfach the Biosphere Program (Tane & Paterson
1978). The second project conducted during 200@&the 25 anniversary audit.

The Waitaki iGiS project involved developing a jpapatory GIS framework with farmers and rural

stakeholders for mapping, modelling and monitosngtainable development of the Waitaki Basin. The
Waitaki iGiS integrated 3D true image orthophotoppiag, watershed modelling of habitats and
regoliths and environmental monitoring of permanbehchmarks. The Waitaki iGiS project was
developed in parallel with the GIS framework forkeaPoyang watershed to help develop auditing
protocols in compliance with UN Agenda 21.



1.2 GIS and User Requirements

In participatory GIS for sustainable developmentople’s needs and requirements take precedence over
sophisticated GIS techniques. The process of jaation (including the collection and extensionrdbrmation)

is more important than GIS “technical” issues oe@al capabilities requiring expert GIS chauffelgffective
participation and implementation with and by thekeholders are the main criteria. In this resg@@S projects

are invariably capacity building projects engagoc@wmmunities in learning-by-doing exercises in reairld
situations while developing and implementing thd @Valters & Holling 1990).

Working directly with potential user-groups fronetbutset is fundamental to developing successfusP@hen
there is no discussion or involvement by the comtyuabout what kinds of GIS are appropriate foritheser
groups and how they will be able to operate thém,téchnology of GIS construction tends to overwhesers
and confuse them. Our experience shows that sogatest multi-theme layered GIS are of limited uee t
villagers, rural landholders or community grouphisTapproach to GIS design and development doesnattle
fair and equitable participatory processes or itatd capacity building in GIS technology.

The integrated “tool box” approach to GIS tend$attus more on user-friendly methods of collectisigring,
retrieving, transforming and displaying spatialadfdr wide ranging purposes like locating positionghe field,
sustainable development planning, integrated resounanagement, monitoring assets, assessing natural
hazards, as well as many other applications. latedrtool box GIS are modern geospatial technadotiiat
make maps in ways that are more intuitive and stdedable to non-experts. In essence they turnitnage
pictures like aerial photos into accurate maps that be used with an easy-to-drive GIS engine thenmaaps
based on actual features like property boundariddacal features involving sub-meter accuracy pirdls.

A well designed integrated tool box GIS should w&llparticipants to display different spatial dattsse the field
while recording position coordinates (e.g. propebtyundaries, watersheds, habitats, landuse ecosyste
environmental resources and farm assets down feidindl trees). In participatory projects image piag is
taken into the field routinely to collect geo-refaced data using dynamic GPS links to the imag#iile back
in the office, the GIS research and developmentimaes with query links among data sets. The pathave
following leads to fully mobile PGIS equipped withal time GPS, prepared suites of true and falsgéry for
recording on-the-spot interpretations. Decisionpsupsystems for particular activities, and GIS ganiools for
integrating complex activities generally occur batkhe project base office. .

2.0 TECHNOLOGICAL CONSIDERATIONS

GIS are now being used in far-ranging fields ingtgdenvironmental design, land use planning, resour
management, natural hazard mapping, urban and assat management, coordinating emergency seraimbs
implementing environmental planning for sustainadgeelopment. Some low cost options are availablepezn
source, web based applications. There are manyaliee modelling strategies for developing GIS;using on
different user viewpoints, each with different teotogical needs and requirements. Consequentk/nicessary
to have a sound understanding of GIS technologycandtraints.

2.1 GPS, GIT and GIS

The popularization of geographic positioning sysgi@PS), geospatial imaging technologies (GIT)udtig
remote sensing (RS), and geographic informatiortesys (GIS) has encouraged experts in international
development fields to adopt these tools for paréitory development projects. Others however si@iwnew
generation geospatial technology as a significaipeidiment to participatory programs (Wang et al72000ur
experience helps clarify the key issues and defppopriate opportunities for PGIS.

Geographic Positioning Systems (GPS) are smaltreldc satellite receivers with compact mini congrstthat
can identify the geographic location of the receri¢her continuously or at select time intervdlse geographic
position is calculated in x-y-z-coordinates to gaudc datum based on the centre of the earth. eri3&s
coordinates replace the two dimensional x-y “egstinorthings” coordinates used on topographic maps.
Previously, expert training was required to use G®® digital mapping systems. Now there are lovstco
software packages available for sale over theneteshowing how to use GPS in digital mapping aapibns.
Highly trained GPS experts using survey base statare still required to achieve high levels oftagwraphic
accuracy required for developing digital terraind®is and defining property boundaries.



Geospatial imaging technologies (GIT) are a divesssteof digital scanning, remote sensing and enwiental
imaging systems commonly used in mapping and moengaapplications (Hall 1992). Satellite, airborard
ground scanning systems can be linked to radiantetiy systems or downloaded directly by land lioe t
computers. Digital imagery should be processed aitbrated complete with metadata details befoealilny
onto the PGIS.

Geographic Information Systems (GIS) are a suitbastiware and software tools for mapping geospdta

and modelling their relationships. In their simplésrm some GIS are little more than digital mabinats

containing predetermined thematic mapping sheetweMophisticated GIS may provide sophisticateaabj
oriented and relational databases registered tessaf map and overlays enabling system simulatmasspatial
analysis.

2.2 Cartographic Platforms

Up-to-date, accurate and reliable true image digitapping is now considered a prerequisite for tpiag a
PGIS for community and regional development pragjedtartographic illiteracy is commonplace in the
community with the result that vector maps andefaslour imagery cause confusion, generate digtrectind
provoke criticism for being open to subjective ipretation. Simply stated they are overly abstaud too
difficult for everyone to read reliably. High reatibn, true colour digital orthophoto maps are erafd because
they are accurate, reliable and easily read byetighout any cartographic training.

Topographic maps are unsatisfactory platforms 82 They involve abstract cartographic models thqtiire
considerable training and experience to becomeabielitools. Even in developed industrial countrigth
relatively high levels of cartographic literacy,ogct experience shows very few professional pecple use
topographic maps reliably. Mostly people find iffidult to locate places on topographic maps lehal navigate
by them or read the landscape. More advanced apiplis like evaluating resources from topographépsnare
special skills that take many years to accomphi&mevith proper training.

Aerial photos are pictures not maps and should ds& with caution. Generally speaking, aerial phatos
irregularly distorted images that are cartograghicansound. Lens and angle distortion commonlyatze
differential scales across the photo. Where thersignificant relief, as in hilly and mountain asea&cale
discrepancies across a single aerial photo caneclie®ar errors between 10-100%. Measuring aremas e
much more as a result of multiplying linear err@Manninga, Tane & Golding 1992). Aerial photos aatkllite
images cannot provide the geospatial frameworlgéargraphic information systems without geo-refeirene-
that is transforming the photos and images intosnape two main methods for doing this — imageifieation
and orthogonal correction — are sometimes hybridiseectified orthophoto maps.

Image rectification is digital “rubber sheeting’rdaind control points are identified on the aeriabfp and the
image is stretched and shaped digitally to fitkhewn ground controls. Image rectification producasle maps
that are adequate for finding relative locationsrfavigation purposes. They are however unsuitecdourate
and reliable measurement of distances or areas Eveindreds of control points are used to recifyaerial
photo, the accuracy of the outcome while much bettk falls short of proper orthogonal correctiddrthophoto
rectification indicates a hybridised method of thimap production that falls short of full orthagd correction.
Orthophoto rectification is a two-dimensional catien process. The quality of the results is lessueate than
with full orthogonal correction. It will be necesgao check the map’s metadata dictionary to esthhits

cartographic accuracy and whether it can definpgnty boundaries reliably.

Full orthogonal correction of airborne or satellitgagery is required to remedy lens, angle andesttiptortion.
The scanned image is draped by computer over aadiggrrain model (DTM) developed by digital
photogrammetry from accurately surveyed groundrotsitOnce the orthophoto map is produced, contoans
be generated by the GIS software from the DTM. Wieoduced by properly trained and experienced
photogrammetrists, digital orthophoto mapping pdevstandards of geospatial accuracy normally octyeaed

by skilled surveyors. Modern digital orthophoto mpeqg is much more accurate and costs (as a ruleunfib)
about one-tenth of traditional topographic papeppitag with equivalent cartographic standards.

2.3 Modelling Strategy and Decision Support Systems
The trend to use GIS in an ever increasing rangspetial decision-making situations makes selecting

modelling strategy for designing and developingtipgratory GIS a fundamental issue. This task resgiia
person experienced not only in GIS development &lisb in developing user-friendly applications for



participatory programmes. In participatory progragsnthere is probably no such thing as a generpbpa, off-
the-shelf GIS. Each situation is different and epwtject has varying goals and objectives. Like ntosls one
type of GIS cannot serve all needs and requirements

Thematic multi-layered GIS methods involve buildiagd storing many different theme layers each withir
own spatial units and legends. They are in redligytal analogues of paper mapping technologieadifional
paper maps are made from incremental processesqokstial plate printing each using separate csldor
comprise a specific map. Paper mapping processgegae a wide range of specialized informatiomgisi
processes very different to digital computers. Acsplist GIS chauffeur is needed to operate thps yf subject
oriented GIS.

Realizing a fuller range of GIS capabilities depeiodh integrating the GIS modelling strategy andpsuiing
software with an object oriented database systemeldeed to enable decision support systems (DSEs T
approach builds on the inherent nature and potéigsaof digital computing processes. Ideally thiltee should
be integrated through systematic design and der@apso that it is robust, user-friendly and rdéablnstead
of a large number of thematic layers, advanced @it system simulation and decision support cajtas|
operate with a limited number of objects each \tglown relational database (Figure 1, Tane & Y020

In participatory community and regional developmpnbgrammes, specialist approaches to developirgy Gl
requiring expert GIS chauffeurs are not appropristtether warranted or not, black box DSS builbitiie
PGIS are still treated with grave suspicion. Thedse requirements and capacities for applying Git&irw
communities begin with the presumption that the mamity will be driving the GIS themselves most loé time,
not GIS specialists. It is important that membefdosal communities are able to follow each stepthuf
decision-making process and become the main drieérthe GIS quickly. Hands-on training during the
development of PGIS helps ensure the communitgeangowered by the technology. Follow-up monitoring a
evaluation is required to ensure correct use. €aacity building process encourages commitmenghtens
keenness and results in information being shara@ eqguitably.

PGIS combines both quantitative and qualitativeho@$ and relates them through community development
processes and regional initiatives to unite coriveat knowledge with community cultural intelligencin this
way, local customs, proven rural practices and iticathl knowledge are brought into PGIS design and
development. This allows participatory surveys dath collection within local communities in waystheflect
actual and perceived situations in the villages.

An easily accessible and reliable PGIS can onhameffective participatory tool if the appropriatedelling

strategy is adopted. Decision support systems dhoelopen and transparent. They should not bedadlas
expert “black boxes”. Often this means making tbeision support systems external to the PGIS th#ilusers
agree that it becomes part of the digital PGISsThay take some time. A more immediate challendecisting

and maintaining computers in public places, likeogd libraries open to the community and rural caagives in
villages where they are readily accessible. Lonalsd to be able to capture, verify and print ot& @nd other
related information as well as circulate it throaghthe community for interactive discussion anedfeack. In
this way maps, resource information, economic opmities and environmental issues can be circulgteckly

throughout communities.

3.0 CASE STUDIES

Participatory programs for sustainable developnmofects in the Asia-Pacific realm can involve oessty
watersheds while regenerating sustainable livetilsabrough new enterprises (Tane & Xiubo 2002, Wetngl
2007). The PAAF Project, River Murray on CD ROM aNaitaki Basin Watershed projects all demonstiiage t
importance of engaging local communities and inicigdandholders on teams developing and implemgntin
PGIS.

3.1 Lake Poyang Watershed Jiangxi China

The prototype iGiS (intelligent geospatial imagsygtem) developed for the Lake Poyang watershedadof
a major Sino-German cooperation project in Jiapggivince China. The purpose of the prototype Poy&ig



was to provide a common geographic platform forrdowting all stakeholders in the watershed antieip
implement participatory approaches to sustainaleleeldpment. The project team appointed to develhap t
integrated framework for Lake Poyang carried osithitief through participatory training workshopstemsive
field surveys, benchmark surveys of the watershed,designing the Poyang Watershed iGiS collabalgti

The prototype Poyang GIS was a satellite imaged#Bi& with an object oriented database (Tane &2902).

While project GIS are continuing, implementationtioé Poyang watershed iGiS awaits completion alehse
of comprehensive digital orthophoto mapping for phevince. In addition to mapping, modelling andnitaring

capabilities, the Poyang watershed iGiS is desigaembordinate sustainable development of the whégt and
manage environmental restoration and poverty at@n initiatives through participatory programmes.

POYANG LAKE WATERSHED
PERMANENT BENCHMARK TRANSECT
LANDFORMS

LGR 27-28.06.2002
+ False Image Base Sino-Brazil Imagery 21.11.2000
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Figure 1 Lower Gan River valley landform regoligiswing location of permanent benchmark transect.
Source Tane & Yu 2002.

An interesting aspect of the Poyang watershed iGiflelling strategy was provision for real time wsalked
management using automated remote sensing at penina@nchmarks and key facilities; all linked blgmeetry
and incorporated continuously in the iGiS (Tane & 2002). While real time hydro management is #tyeia
many parts of the world (for example Waitaki Hyd?ooject), real time watershed management incoripgrat

environmental health and sustainable developmewugiih participatory programmes remains a challengin
prospect.



3.2 Participatory Approaches in Agriculture and Forestry Shanxi China

The Participatory Approaches in Agriculture anddabry (PAAF) project in Shanxi province is a SinerfAan
cooperation project in China. The objective of theject is to implement participatory approaches fo
agriculture and forestry in pilot village projects, monitor and to evaluate their benefits for\aiéing poverty
and restoring the environment.

The performance of PGIS as a tool for participatand use planning (PLUP) was studied and develayed
seven years in the PAAF project. Because of thk tdccomputer literacy among the poor villagersis
necessary to carry out training and surveys usitigpphoto maps before beginning to design or a@ in the
project.

Initially a question arose whether the villagerangobe able to read the orthophoto maps well enadaggliably
assess the land use situation and environmentemsbin their villages. The results clearly indictitat these
concerns were unfounded. Male and female villagersmatter whether they were poor or powerful, witke or

only low levels of literacy, could readily deterrairexact locations of their homes, farms and fidtdsn
orthophoto maps of their villages and relate vastuants of detail about each one. They became soeattto
using the true imagery provided by the orthophotapsyp they also completed other mapping assessments
achieving high levels of reliability.

The following operational steps for the PAAF PGI&r&vimplemented to enable participatory land uaarphg
in the pilot villages (Figure 2). The key steps described in the text
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Fig. 2 PGIS Procedure in PAAF Project

There are many useful applications of hard copyengalike orthophoto maps in participatory commuynit
programs: for example, laminated or transparergtigcl@verlay over the orthophoto map. They candszl by
the community to discuss the land use situatichénvillages by drawing on the overlay with overth@aojector
pens. Individual villagers or village teams takentuto complete their part of the picture. Theycallaborate on
final mapping. In this workshop scenario, the Gl&per worked as the trainer-facilitator while thiéagers did
the actual mapping.

After site mapping and data collection in the g#s, the planners collated and discussed varigles sand
formats with key stakeholders. The information Wan processed in the office, compiling a draft mamplete



with draft legend and explanatory notes. Variousnfits were used to display the information in défe ways.
The maps were discussed with the villagers andypbit the information was verified or correctecheTmaps
were then presented for comment to political denishakers, agency directors and key techniciattseatounty
level. By progressively engaging a wide rangetakeholders in these participatory processes mgpgirors
were eliminated gaining widespread recognition andeptance of the data. The mapping was finalised a
printed by the PGIS planning team. The land use smapre released to councils, agencies and village
communities, inviting them to adopt them as the momm map bases for coordinating participatory lasd u
planning. GPS receivers were found to be compleangrtbols, ideal for corroborating sites located tha
orthophoto maps and recording detailed items liledlsy springs, transformers and the boundary dagds
which are not always clear on the ground.

Through the application of PGIS in the PAAF projdaty members of the village communities were dble
engage effectively in the land use mapping andrph@nprocess. During this process the PGIS chafrged a
tool for “experts” and emerged as a tool for vidag) to better understand their living space and lase
situation. This in turn stimulated the exchange&drmation with other communities and the outsia®ld.

3.3 River Murray on CD ROM, Murray-Darling Basin C ommission, Australia

In 1990, the Murray Darling Basin Commission Canddyegan coordinating floodplain planning and lasé
development for the River Murray - Australia’s lasg river. Better known as a riverine system cosipgi
distributaries weaving through the rural heartlafidhe island continent, the River Murray is enneskhy a
multiplicity of overlapping organisations and agesc The Murray floodplain straddles three stéisy South
Wales, Victoria and South Australia) before itskling remains enter the Great Southern Ocean.

Coordinating 40 local councils and innumerable gorent agencies in three separate state jurisdct@ach
competing for resources while sharing the same kixges a challenge (Tane 1992). After surveyingntiag@ping
needs and requirements along the length of the, rikke main dilemma became apparent. There weletlaopa

of maps (many of them unreliable) being used irexity by nearly everyone including scientists (Naga et al
1992). The initiative progressed significantlyyomnlhen everyone started using up-to-date true inosat@photo
mapping for the whole river. This simple step erdbkveryone in the riverside communities, including
organisations and agencies, and those visitind/lilmeay to read the maps easily and reliably.

River Murray orthophoto mapping covers 2,500 knthaf River Murray corridor up to 25 km wide with hig
resolution monochrome 1.25 meter pixel orthophatagery. A self-funding program planned to be repeat
every five years by the Murray-Darling Basin Consios (MDBC), it achieved consecutive editions (B)g.

Figure 3 River Murray Mapping on CD-ROM“Edition produced near infrared orthophoto maps.
The £' edition produced black & white true imagery fonbemarking false colour satellite imagery.



River Murray Mapping on CD-ROM (Tane & Nanninga 2)®ecame a benchmark for digital mapping systems
in Australia when it won the Australian Gold Medai Environmental Technology. Simple to learn te,ushe
GIS engine provided with the orthophoto imagery Wasrascan Pro, a prototype imaging and surveyit§ G
developed in Australia later sold to ESRI USA. dtribined raster imagery, vector line work, imagecpesing,

3D viewing and interactive real time GPS capabiitwith a modest database facility. Arguably, oh¢he
earliest mobile GIS and easiest to use tool-boxiGMas later decommissioned by ESRI.

Several years were spent providing training ancelbging applications with River Murray Mapping ofDC
ROM all along the River Murray for Councils, on lseuboats and at farms. Many of the trainees hamtendous
keyboard or computing experience, however theyddonating themselves and exploring the image mrappy
“mouse” quick-and-easy to learn. Most people fotimel functions intuitive and straightforward. Intstiagly,
some of the pioneering applications were develdpedverine landholders (farmers, foresters antefimen)
seeking reliable, up-to-date mapping for their plag and development purposes. Soon it became tst m
common geospatial platform for all planning and agament agencies along the Murray.

During the 1990’s a wide range of community andaegl planning initiatives along the Murray werdealo

adopt participatory community processes for theplnmeason everyone could access, read and unaitsia
River Murray mapping. Having clearly defined thiaying field for all stakeholders a host of longssding

problems evaporated. The second step was not §o A&clsieving clear, concise and simply expresselicypo
game rules for the river Murray took several yedtss step was largely accomplished with enactroéRiver

Murray Regional Environmental Plan Nob¥ the NSW and Victorian governments.

3.4 Waitaki Basin Watershed Audit 1976-78 & 2000-21b

During 1976-78 intergovernmental teams of cartolgeap, surveyors, scientists, planners and resouacegers
undertook a comprehensive inter-governmental aoidihe Waitaki Basin for the NZ Government (Tane &
Paterson 1978). The first audit was carried oubéanchmark environmental and resource conditionthén
watershed at a time when the Upper Waitaki hydigeot was advancing and major landscape changes wer
starting to occur. The Waitaki Basin iGiS Projectswthe 28 anniversary audit - a repeat of the original audit
(Tane 2004). This time instead of butter boxes a@oiig hundreds of stereo pairs of aerial photod an
topographic mapping sheets, high resolution ortbtpmapping on CD-ROM was used (Figure 4).

Figure 4. Waitaki iGiS orthophoto maps with contowere used for the $5Anniversary watershed audit.

Multi-disciplinary field teams comprising local gegraduates, field technicians and watershed psadaals
were trained in the use of true image mapping tafitng watersheds. Over 100 kilometres of fielhsects
were benchmarked for auditing and monitoring puegod he farmers whose land was crossed by transeots
invited to participate in assisting and monitorihg survey teams. Many farmers obtained copiesefligital



imagery for their properties at far less than qméte, to use in their daily farm planning, devet@mt and
management activities. They also participated mlwating the field survey results. As some of the farmers
in NZ able to use high resolution, true image magpn their farm computers it will be interestirmgrhonitor
and evaluate their progress.

4.0 PARTICIPATORY PLANNING

The key to developing an effective PGIS for comryrand regional development programs involving
participation by rural landholders and village staélders is designing and developing the PGIS abahyone
with modest computer skills can drive the PGISrfarst common applications. More difficult applicatsomay
require the PGIS planner to prepare informatioadwance or work alongside the community participant

When it comes to participatory planning programniief)e PGIS needs a GIS expert to drive it for cmonly
used applications then it is probably poorly des@yand inappropriately developed. Experience wotihmunity
and regional development projects and participapsogrammes show that when GIS technology is damiha
by GIS specialists, disempowerment of the commusitgevitable.

4.1 Constraints and Limitations

When undertaken by local villagers however, plagriools like resource maps and landscape transeets
usually qualitative and subjective. While they aseful social tools for encouraging participatibeyt are less
useful as reliable maps of environmental conditiamsresource prospects. Internal inconsistencyativel
accuracy and cultural misconceptions are commoblenes. They are usually not true to scale with result
that areas mapped cannot be measured reliablyhdfuttiey mainly focus on commercial land use catego
while ignoring a range of cultural activities and/géonmental functions.

These problems cannot be attributed solely to #mtigipants’ lack of mapping skills. Commonly, céerial
photographs, crude cadastral or topographic mapalbthat is available to villagers, technicians @rainers for
identifying and interpreting information. These tfidams have significant cartographic shortcomiriggplving

scale, resolution, comprehension and reliabilispés (Tane & Nanninga 1992). When participatory@gghes
are not implemented until after the GIS is struetiand defined, it is likely to be less than adégder the
community’s needs.

Nevertheless, these shortcomings do not wholly teeglae important contribution made by participatory
approaches in mapping and modelling resources.eThee many other benefits that are becoming better
understood and appreciated. The challenge howévedn improve the reliability and quality of truenage
mapping, by providing more reliable geographic fplahs with more user-friendly capture techniques.ti#e
same time however, it needs to be accepted thatipatory landscape and resource appraisal maps, (PRA
maps) are unable to provide reliable and accuraigpimg for assessing environmental conditions esmtls and
measuring the level of improvements achieved thnquayticipatory land use planning.

Fortunately new image mapping platforms are nowilabvie in most countries that can solve most ofs¢he
difficulties. True environmental imaging systems &xample, like seamless 3D orthophoto mapping Ba C
ROM, offer geographic platforms that overcome commmapping problems cost-effectively. Importantlyey

are more lifelike, intuitive and comprehensiblertliiae abstract cartographics used for traditioaglep mapping.
They are however usually subject to corporate oghiprand file size constraints that prevent the& in open
source, web based applications. The solution @réeide GIS freeware with ECW compressed image ringpp
on CD or DVD. The Waitaki iGiS provides a 7 gigabyihage on a single CD-ROM using ECW compression so
it can be accessed and manipulated quickly on aegigisk top computers.

There remain however, a suite of significant chmgles and impediments to developing and implememRiGgs
in community development programmes. They are exiirtical geospatial limitations so much as sociatural
and economic impediments. The short list followagws some of the limitations commonly encountered.

Entrenched cultural impediments to equitable comtypyrarticipation — local power brokers continue
to control project assignments and outcomes im then interests.



High cost of GIS software — integrated “tool boxGFS freeware is required not subject to corporate
ownership and royalties so that it can be shareddaneloped in the public domain.

Specialist corporate GIS engines are user-unfiigndinecessarily complicated and very costly — in
addition corporate ownership and controls of digitaagery and orthophoto mapping denies many
stakeholders fair and equitable access to mapping.

Local communities are more inclined to readily gdceapping systems in which they can play a keg.rol
Correspondingly, “specialist” GIS keeps the comrtiesiat arms length and denies them equitable adces
mapping used for community decision-making procgsse

4.2 Recommendations for Participatory GIS Programs

General principles of mapping and cartography riedae understood by all participants for the rdéalise of
PGIS. Some capacity building and skills traininggrammes provide this type of training through éag-by-
doing activities. Preparing imagery, mapping lagouetadata dictionary and explanatory legendshtasks
that should be designed and compiled with the bialklers at an early stage of a PGIS project.

To ensure accurate and reliable geospatial plaff@ra employed, ones capable of generating relablging
in user-friendly formats, a strategic approactetguired: one that enables stakeholder groups tupsoreliable,
up-to-date and accurate maps of environmental resswand their development potential.

First and foremost, the PGIS should be based anafaid equitable principles for community participat
Geospatial information technologies are fast beogrbiasic tools requiring specific participatory haats. If we
are to enable communities to record informatiorabdy about themselves and others, data colledienomes a
key process no less important than the informatgsif.

Secondly, PGIS modelling strategies will involvéfetient platforms and database systems to the graqhic
GIS based on the thematic multilayered map apprdashbes like the type of GIS suiting participatprgjects
and equitable involvement in key GIS procedured, selecting a PGIS design that is simple to drive @perate
with modest computer skills are not addressedarstiecialist GIS approach.

Thirdly, access to PGIS maps and data helps contiesinifarmers and villagers during decision making
processes, while they are carrying out negotiateoms helps coordinate management of shared resolikee
water. Like satellite TVs found in the most unlikg@laces, village communities and rural landholdetly need

to be able to use the PGIS; they don’t need taxperéin their design and development.

Finally, indigenous icons and symbols with geogpatontent should be paid closer attention andrpm@ted
where relevant. In situations, where the mappind assessments need to be “owned and applied” & loc
communities, they are likely to be accepted moaglitg when identified clearly by a community icongymbol
containing geospatial intelligence. Analogue andnlsglic maps carved in stone and bone, or painted on
buildings are integral parts of traditional knowded In China, traditiondbng-feng(dragon-phoenix) symbolism

is an ancient representation of environmental wajeles and their interactions with solar and &rial systems.
Similar iconography is commonly found in Aborigireaid Maori “art” (Tane & Nanninga 1992, Tane 2004a,

5.0 CONCLUSION

Where a PGIS is required for capacity building padicipatory programs it is necessary to desighdevelop
them together with user-groups step-by-step. Makimg it meets their information needs and requergmis
only one reason. Equally important in designing aedeloping intelligent geospatial tools is prouglithe
appropriate social and cultural framework for sustble development. Capacity building and partimpa
programs are about restoring social systems anrditgicultural intelligence with appropriate cukiliicons,
scientific tools and user-friendly technologieseytare not about imposing GIS technologies and @ilsis in
the guise of advancing science and technology.cBigi PGIS is a new and developing “geospatial bmx”,
the potential of which is only just emerging frohetmurky shadows of techno hubris. There are astitit of
issues that need further development and practice.
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