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The Stewardship of biodiversity is an information-intensive activity and local capacities in environ-
mental information management are essential if scattered groups in remote areas are to take on the
practical tasks of land stewardship. It is not enough to have a unique traditional knowledge base
coupled to traditional conservatiom codes that are based upon compliance. These are self-evidently
effective in the absence of external pressure upon indigenous lands, but are unlikely to deter outsiders
with designs upon community assets but no respect for traditional authorities. To cope with such
external  pressures some indigenous communities have made opportunistic use of the information
technologies applied by exponents of science-based conservation. To amplify traditional knowledge
and codes, communities need capacities in three areas:

1) The generation of a unique data base, that combines data
                                  from two sources: traditional and direct field observations,

2) Technical capacity to analyse the data in terms of local agendas.
3) Practical capacity to monitor, protect and manage their territory.

INFORMATION: THE FIRST CONSERVATION ASSET

 A  Demonstration and Training Project to Amplify Indigenous Community
               Capacities in Environmental Information Management

                         First Peoples Worldwide/Local Earth Observation

This is the companion report  for a parallel project that will take raw data gathered during the
demonstration and training project as the baseline for asset allocation mapping (AAM) exercises in
three Toledo communities: Conejo, Medway and Barranco - to be completed over the next 2-3
months.The main funder for this sub-project is ATC Wageningen, The Netherlands, under its mandate
to support uses of ICT, Information and Communication Technology, by land-based communities.
The lead funder for the AAM exercises is the New York Community Trust.
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                   THE INTENT OF ASSET ALLOCA TION MAPPING

since the 1992 Earth Summit, land-based peoples living in remote areas have obliged to deal with
a succession of newcomers to the frontier: scientists, conservationists, eco-tourist  operators, bio-
prospectors. In contrast to loggers and miners, these resource interests are not extractive but depend
upon the habitat remaining intact. Not surprisingly, the global conservation community has joined
this industry, which so far has displayed scant inclination to share the revenues with the traditional
and customary owners of such assets. Allocation signifies choosing between options for asset
management, which may complement or conflict with one another. This must be informed choice
but in that sense indigenous communities are disadvantaged. The ultimate purpose of asset allocation
mapping is to enable indigenous communities to assume informed control, not consent, over the
allocation of their territorial assets. To do this,  they need not only to arrive at their own evaluations of
these assets but also to understand the multiple values assigned to their assets by others: to map
the ways in which assets are imagined, defined and evaluated by an unfamiliar and mutating array
of external interests. Just as a specific genre of mapping, “tenure mapping”  evolved as a way of
enabling communities to pursue negotiations over tenure, so asset allocation mapping prepares
communities to implement the results: to exercise stewardship of their territories and deal with rival
claimants. Tenure mapping is about the past; asset allocation mapping is about the future.



INTENTIONS, RESULTS AND UNINTENDED CONSEQUENCES

Capacity-Building Strategy: Build on Proven Capacities and combine
training with gathering of useful data, that meetscommunity stewardship
data needs.
Where tenure mapping is widely practiced, a complementary organizational relationship has
evolved, whereby community-based mapping teams groups gather original data, from GPS-
based observations and conversations with traditional authorities, while mapping centres, housed
in indigenous associations or local support NGO’s, provide the GIS-based services needed to
compile and print final maps, under the direction of the teams. This demonstration and training
project builds upon this mutual support relationship and trainees will be invited from both community
mapping teams and the mapping centres.

Localisation, of Information Technology and Community Control
Mechanisms.
Localisation depends upon a variety of questions. Can the skills be learned in a community or
association setting? Can appropriate geomatic technologies be successfully transferred to a
community setting? Are the facilities and power adequate? What kinds of local institutions are
required to manage the environmental information process, from the gathering of raw data, through
its subsequent conversion to information, to applying this information so as to advance community
stewardship agendas. These agendas provide context for designing the demonstration and training
exercises. All these exercises were planned to acquire immediately useful data to the participating
groups and the communities they worked with. This applications-driven development process
serves dual purposes: to demonstrate to communities that this data-gathering makes sense, to
provide trainees with data that they can spend several months analyzing and applying. This
‘learning by doing’ strategy works well in a community setting.

Individual Capacity-building:  Results
Of the 9 trainees, 5 felt that, given more practice, some mentoring, and good operational manuals,
they could learn the entire sequence: mission planning, aerial data acquisition, image analysis
and processing, conversion to applicable information. The other 4 trainees preferred to first acquire
more experience with computers and photography, and with field verification methods. However,
although these 4 trainees did not feel as confident as the other 5, they made it clear that they
understand the value and utility of the data that was acquired during the training exercises. As
Karel and George from Suriname put it “We haven’t yet learned how to acquire and process
aerial data but  we understand its utility and know how to use the results.”

Demonstration and Training: Intentions, Effects, Results.
This demonstration and training project builds upon this mutual support relationship and trainees
with varied experience and expertise in community-directed mapping will be invited from both
community mapping teams and the mapping centres. Equal emphasis is placed upon
demonstration and training in this workshop. Successful demonstration indicates that trainees
understand the utility of the data gathered, even if they cannot immediately master whole sequence,
from gathering raw data to its conversion to useful information to its eventual application. The
training effect sought was for trainees to be taken through the process, and reach the point where
they  feel confident that, given more practice, good manuals, and mentoring, they could take over
the entire process without any mor direct training. (see Toledo Mapping Centre follow-up).



Unintended Consequence: Toledo Public Access Image Library
This result was not imagined while planning this workshop. It is a measure of the enthusiasm
voiced by other organisations than the participating communities and mapping groups: the Toledo
Development Council, the Mayor of Punta Gorda, the local tourism association. As the map on the
following page indicates, the over 3500 images acquired during 13 combined training exercises
cover a significant portion of the District of Toledo, all of them critical areas for marine and terrestrial
stewardship.  It was clear from the training that although image sets may be gathered for a single
specific purpose, they are in fact typically multi purpose and this response clearly shows that the
interest is multi-faceted. The image library emerged as an instrument for archiving the digital imagery
and making it available to all interested persons, from community members who  may wish only
for individual images to research and inforcement officials from resource management agencies.
All participating groups signed an agreement that the images are to be made freely available; that
they could be used in reports and research documents but not be used for commercial purposes.
Users are asked only to pay for the costs of CD-making, printing, mosaic making or other image
processing. SATIIM has agreed to act as the ‘custodian’ for the imagery for the time being. A
proposal on  the image library is contained within theToledo Mapping Centre proposal.

Unintended Consequence:Adding DADA to the Toledo Mapping Centre
This was partially intended, specifically by those Punta Gorda-based groups that have recently
began to talk about increasing efficiency and minimising duplication by merging their GIS and
community mapping resources into one Toledo Mapping Centre. Such a centre could qualify as
the natural and eventual custodian of theToledo Image Library.  After training and demonstration
sessions, the groups felt that these capacities for aerial and space-based data gathering should
be added to the Centre, in the form of one camera system, to be maintained by the Centre

Indigenous Association and NGO Capacity-Building
By coincidence, several of the Punta Gorda based groups have been considering combining their
GIS resources and capacities and create a mapping centre for communities in Toledo District. This
makes sense; they could then buy and share equipment that is relatively expensive but needed
only from time to time: eg, wide-format scanners, laminators. In this sense the workshop was
timely. Now, the same groups were unanimous in support of acquiring a shared DADA system as
part of such a Toledo community mapping centre. After learning how the raw data can used for
mosaic making and the generation 3D models, the Punta Gorda trainees felt that the imagery
gathered in 22 hours o flyimg had generated a year’s worth of work. Afollow-up proposal is



The map below shows the original 8 survey ares and applications identified in during the March
2006 planning meetings. Since then, several more locally-based NGO’s joined the four Punta
Gorda groups: the Monkey River Fishermen’s Association, Julian Cho Society, Widlife Conserva-
tion Society (WCS), and several communities and NGO’s compaigning to control industrial-scale
resort development around Placencia. As the appended letters from six of these participating groups
indicate, one they received the imagery, they quickly identified new applications for the new data.

Barranco community: Village planning, logging impacts,
Medway community: Village planning, family and community boundaries

Conejo community:  For current legal challenge over recognition of community lands
Santa Cruz community;  For current legal challenge over recognition of community lands
Monkey River community: Fishermens Association; protected area over fishing grounds

Oil exploration well: GPS position for legal challenge on absence of an impact assessment.
Snake Cays: Garifuna National Council and local communities, to plan a ‘spiritual sanctuary’

Sapodilla Cays:  Reef International  for training community-base  marine ‘para-biologists’
Sarstoon T emash National Park:  For SATIIM to contest proposed oil exploration
Golden S tream Nature Reserve: For Yax Che Trust, management and monitoring

 Payne Creek National Park: For WCS for coastal and off-shore management.
             Placencia: for local communities and NGO’s contesting resort industry impacts
                    Punta Gorda: For town planning and as illustration for tourist brochures

SURVEY AREAS AND MAIN APPLICATIONS
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SURVEY LINES AND IMAGE FOOTPRINTS



THREE PRIMARY SOURCES FOR LANDSCAPE DATA
Trainees will be introduced to three image sources: satellites, aircraft, kites/inflatables.These vary
in terms of image resolution, ground coverage, acquisition costs and the potential for localisation.
For indigenous stewardship purposes, the more detailed the ground resolution, the better. Satellites
typically cover large areas at low ground resolutions; but these are improving. The image acquisi-
tion system which offers the finest detail and is most easily localised is a kite-borne camera. Where
larger ground coverage is required, vertical photography from light aircraft is a viable option.

      IMAGES FROM SATELLITES
Satellite images typically cover large tracts at low
ground resolution. Such resolutions are
improving, but at considerable cost. It is possible
to acquire older, 30metre resolution Landsat
imagery at either low cost or free and trainees
will be introduced to methods for obtaining such
free imagery. The most expensive civilian
imagery is from Quickbird, which has a ground
resolution of 60cm. A single image, used for
investigating catastrophic floods in the Pilippines,
in late 2004, cost $5000. The images to the right
compare 60 cm imagery gathered with a Kodak
N14 camera, at about a third of the cost, and
delivered next day - rather than 3 months later.

IMAGES FROM LIGHT AIRCRAFT
Often called “reconnaissance photography” this technique has
traditionally relied upon 70mm or 35 mm cameras.This image
was obtained for the Little Salmon/Carmacks First Nation, Yu-
kon, Canada, for use in planning a Wildllife Management Area. It
was taken from a height of 8,200 about ground with a Rolleiflex
6008 Integral. At a scale of 1:50,000, this image covers 3km x
3km on the ground. With a lupe, it is possible to discern the
dashed line along the Alaska Highway, which is 10cm in width.
Although  even the more advanced digital cameras cannot yet
yield equivalent ground resolution, they have compensatory ad-
vantages, in terms of image replicability, spectral consistency and
the scope for making mosaics and 3D models from digital files.

      TETHERED AERIAL IMAGES
Cameras can be attached to either kites, balloons or
blimps. Most cradle/camera/control combines  weigh
500 - 700 grams and include an 8-10 MP camera,
with infra-red control and video downlink. A  kite-based
system costs less than $1000; blimp-camera com-
bines cost around $8000. Kites require steady mod-
erate winds and higher flying skills; blimps need low
winds or calm air and are more controllable. Camera
retrieval is a problem when flying kites over water.
However, image quality is equivalent. Kite photogra-
phy is a good introduction to tethered aerial imaging

QUICKBIRD - 60cmKODAK N14 - 60cm



For the Algonquin community
of Lac la Barriere to monitor
compliance by loggers with
rules on distance between
clear-cuts and water bodies.

This image
was enlarged
to one 1x2m
for Galibri
(Suriname)
to use for
community
planning,

                        MULTIPLE APPLICATIONS
As the annexed letters indicate, groups participating in the
workshop imagined a variety of applications for the aerial data
gathered. The above stereoscopic sequence was acquired
for Stinasu the NGO responsible for managing Suriname’s
network of Nature Reserves. An earlier attempt to evict the
miners was frustrated by a venal judge , on the grounds that
the mines were outside the reserve, an opinion reversed by
his GPS position image. The survey of clear-cuts was used
by the Algonquin forestry team to contest a government
attempt to reduce the width of uncut forest along waterways.



THREE CAMERA MOUNT OPTIONS

On the left, the first Inside Door mount used by LEO, with a redundant yaw
compensation mechanism, soon droppped in favour of the wooden construc-
tion used for a training in Colombia. All units are attached to the platform:
camera, light -meter, stopwatch, GPS. The Outside Door mount below is a
prototype, designed for the Punta Gorda training and based upon Dana
Slaymaker’s earlier mounts. Outside Door mounts are compact, relatively dis-
crete and do not need certification. But in-flight access is a problem: no reli-
able ways of reaching into the slipstream  to adjust  the camera or change
batteries and cards. Another problem is the consequent dependance upon the
aircraft cigarette lighter, for- computer, cameraand  GPS. This initially caused
the system to crash, but was  resolved by taking portable power sources along.
The advantages of door/inside mounts is that the camera can be manipulated
and system  operation can be simplified accordingly. This incurs penalties, in
terms of the suitability of the imagery for later mosaic and 3D modelling, but
works well as a training system for in-flight camera operation. During the 10-
day Cali Colombia training, all 12 trainees, got to plan and fly one mission and
to learn how to evaluate the results.  Missions were planned on a computer
and the flights lines entered into a large-screen GPS. The pilot flew the lines;
the camera operator fired a 70mm. Rolliflex 6008 Integral at designated photo-
intervals, using a stop watch, and changed film every 24 frames. Camera op-
eration is even further simplified by using the intervalometer built into the Kodak
N14. The disadvantages for modified doors are the bureaucratic chore of main-
taining the required certification - and the door itself is cumbersome and con-
spicuous. A cargo hatch was not used as direct operator-pilot contact was
essential for training purposes, and for prototype testing,.

  Discrete Aerial Data Acquisition - DADA

COST OF A COMPLETE SYSTEM : $10,000. The system goes beyond the
technology for planning  and executing aerial data-gathering missions to
include:  a quality flatbed scanner, $700)  for mission planning, a medium
format archival printer ($900). Software, including Manifold GIS and Adobe
($1200), laptop ($1200), GPS plus accesories ($8 00), Kodak N14, plus spare
camera ($3500), 3 wide angle Nikon lenses (1000), camera mount ($700)

 Inside Door....... Outside  Door..... Cargo Door



Although the middle of the dry season, it rained heavily every morning and some afternoons. However
on five days, it was marginal and we managed to get in one or two missions each day. Even then,
the sky was generally overcast and most missions were conducted below 2,000 feet – using 24mm
or 28 mm wide angle lenses. All trainees had the opportunity to participate in one or two missions.
However, the aircraft did not have a 4-way headphone capacity. Dana and the pilot could talk, but
the trainees were excluded.

We covered a larger total area than envisioned during last years planning, provided imagery for
more user groups, covered more communities and completed thirteen missions, compared to ten
planned. About 3500 images were taken. Their cost: air time, pilot, camera operator, per frame was
less than $2.00.

Early technical hitches were caused by plugging too much equipment into the aircraft cigarette
lighter: camera, laptop, 1/2 GPS units. Resolved by using the AVMAP EKIV GPS power supply, and
using the camera batteries: posing the problem of changing batteries in the slipstream. The pilot
had initial problems, in reading the navigation guide on the laptop screen. The large screen on the
AVMAP GPS was far easier to read but of course did not have flights planned.

The original design goal was a mount prototype that could fit either front window, or the cargo hatch.
However, it both types lost functions when blended, with hardly any weight-saving, so we stayed
with the window mount. In any event, given the demands for system adjustment and dealing with
constantly-changing weather patterns the pilot and operator needed to be in close contact.

AIRCRAFT IMAGING: Narrative, Missions Completed, System Trials, Lessons. Revisions

Revisions and Additions
1. An operational system should include an
    independently powered 3-headphone set that
    can be plugged into the pilot intercom.
2. All system elements should use a portable
     power supply.
3. Pilot should have his own navigation screen;
   either a Programmed AVMAP or an equivalent
    sunlight-readable screen linked to the laptop.
4. For the next phase, LEO will make a cargo
    door mount, Sujoy will look into programming
     the  AVMAP with mission flightlines.

These two images are of Snake Cays, currently
part of the Port Honduras Marine Reserve, a
no-take conservation area. Snake Cays are of
strong spiritual importance to Garifuna commu-
nities, who use them 4-5 times a year for rituals
- which require a species of local shellfish. The
Garifuna National Council would like to see the
Snake Cays designated as a ‘spiritual sanctu-
ary’ permitting the strictly limited use of shellfish.



The top image is of the Maya commu-
nity of Santa Cruz and its lands. This
is in fact an image mosaic consisting
of 40-50 merged images. The en-
larged extract indicates the ground
resolution, an estimated 30cm. The
lower image is of the Garifuna com-
munity of Barranco, currently being
courted by the oil exploration industry
as a base for seismic drilling within
Sarstoon National Park. Coordinated
by SATIIM, Barranco and 5 MayA com-
munities are contesting the project

SANTA CRUZ

BARRANCO

COMMUNITY PLANNING



All of the aircraft imagery
had a ‘forward lap’ to facili-
tate stereoscopic analysis
and optimise mosaic mak-
ing. The stereo-pair to the
left is of the sphagnum moss
habitat in Sarstoon Temash
NP, unique in the region and
threatened by oil explora-
tion. SATIIM,as   co-man-
ager of the park.  will be us-
ing this and other images in
ITS efforts to prevent, or
control, oil development

STEREO MODEL

The image on the left was obtained
for Reef Conservation International,
a local research an dtraining NGO,
and is one of a series covering the
Sapodilla Cays - also of interest to
the Garifuna National Council. This
enlarged image indicates how even
a relatively modest tourist operation
can stress such a vulnerable reef/
mangrove/lagoong habitat.

The image below was obtained for
the Ya’axche’ Conservation Trust, a
Maya-controlled NGO responsible for
managing the privately-owned
Golden Stream Nature Reserve.The
source data was obtained at a 30cm
ground resolutions. The enlargement
shows that this allows dominant or
indicator species to be identified and
subsequently counted automatically.



                 Detecting and Monitoring Impacts of Industrial-Scale Development
The upper and left  images show in detail the effects of intensive tourist development in Placencia.
These images will be made available to Destinations Belize, a responsible tourist operation, which is
challenging such intensive resort development and associated mangrove destruction.

The lower right images show an exploratory oil drilling platform, 5 km east of  Monkey River. Accord-
ing to local environmental groups, there was no environmental impact assessment registered for
this exploratory drilling platform. All that was needed, in that case was evidence, in the form of a GPS
position tagged to an image, for the local groups to demand an EIA.  The Monkey River Fishermen’s
Association was provided with imagery needed to plan a locally-managed marine protected area.

GEOREFERENCED
  VERTICAL IMAGE

MANGROVE
REMOVAL
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Thomas Caal,
David Itch
Ron James
Joe Villafranco
 Sujoy Chaudhuri
 George Awankaroe
 Joshua Lichtenstein
 Karel Aloewanai
Cordelia
Jessica Friswelll
Photographer, Ron Vave

                            FOLLOW-UP ACTIONS

The first three follow-up actions will be combined in a proposal to be submitted elsewhere for
funding the fourth will be covered by an existing budget. The fifth is yet to be decided.

1. After 6 months, a review of progress in the Toledo Image Library. Who has used it and what
image forms were requested? Suggestions for improvements – not funded.

2. After the participating groups have had 6 months to analyse and apply the data  gathered
during the workshop, a review of progress and utility of mosaic and 3D model making methods
– not funded.

4.  A demonstration of a version of the Punta Gorda
system, adapted to a cargo hatch. This demonstration will
be part of the ‘field trip’ element of the Round Table on
FPW’s Indigenous Stewardship Initiative, slated for Fiji this
June. This prospect was discussed with Rom Vave,
University of the South Pacific, during the workshop. There
will be a strong contingent of community-based
stewardship at the round table and we hope that this
demonstration will lead to a full, South Pacific, training
workshop later in the year. To be covered by Round Table
budget

5. Suriname Training in Impact Assessment and Habitat
Recuperation. Suriname.
(see next page).



Training Exercise: Mining Impact Assessment and Landscape Recovery Plan

This follow-up proposal evolved while planning Allan Smith’s catch-up training in kite photography. It
would enable the three trainees from Guyana and Suriname, with the least experience in GIS, to get
started in aerial imaging.

The training area would be a huge tract in northern Suriname affected by over 20 years of bauxite
mining. In 2004, VIDS (the Association of Inidgenous Village Leaders) asked LEO to obtian aerial
evidence of the impacts of buaxite mining on the community of Adjoemakondre. With support from
the National Geographic Conservation Trust, LEO acquired 115 images of these impacts.

These images are ideal for training. The atmosphere, broken, low-level clouds made systematic,
parallel line survey impossible and the images were obtained opportunistically at varying altitudes.
This presents trainees with the tasks of locating  individual images in the landscape, estimating their
varying scales and resolutions and dealing with the affects of varying light conditions.

The Landsat-based background image map below shows how conspicuous these impacts are from
space. To the right is Adjoemakondre hemmed in against the river by the bauxite workings. Much of
the affected terrain is open and therefore ideal for kite-flying. This will enable the trainees to utilise
and compare all the three levels of imaging summarised earlier: satellite, aircraft, kites. The Garmin
iQue M  GPS/PDA combines will be put to use in this training.

The trainees will be able to observe and record the variety of impacts and their duration. They will
also be able to trace and compare recovery rates in various micro-habitats, and compare these with
the progress in any current managed reforestation projects. Suralco (the Suriname subsidiary of
Alcoa Aluminium) has committed in public their intention to restore the landscape to “better” then
before the mining. However, there is scant evidence of this intent upon the ground. The two images
on the left contain what might turn out to be reforestation nursery plots, but could be squared off
forest patches. This will enable the trainees to evaluate the current restoration effort and propose a
more effective process of landscape restoration, one in which the affected communities would par-
ticipate, both in planning and the restoration process itself, and which will be sent to Suralco.

A FOLLOW-UP PROPOSAL FOR SURINAME

Adjoemakondre


