| ntegr ated water shed/coastal zone r eef
management: from satelliteto
stakeholder (GERSA)

1. CRISP

1.1 General introduction

CRISP is a French Government initiative funded by FFEM (Fond Frangais pour I’ Environnement Mondial —
French Fund for the World Environment) and AFD (Agence Francaise de Développement — French
Development Agency) for the conservation and rationa management of coral reefsin the South Pacific. The

3-year CRISP Project comprises three components:

Component 1: Marine Protected Areas (MPA) and watersheds,
Component 2: coral reef research and rehabilitation,

Component 3: integration and coordination.

The funding alocated by France is 6 million euros over a three-year period. Conservation International (Cl)
and the World Wildlife Fund (WWF) are aso co-funding the project.

1.2  The‘MarineProtected Areasand Water sheds Component

Component 1 of the Coral Reef Initiative for the South Pacific (CRISP) is ‘Marine protected areas and
watershed management: tying in community marine resource management, planning and watershed
conservation to sustainably protect coral reefsin the Pacific’. It has four integrated projects :

1A. Marine conservation planning,

1B  Establishment of marine protected areas (MPA) and strengthening of existing MPA,

1C MPA capacity-building, networking and capitalising on past experience,

1D Watersheds,



The overall goal is to demonstrate the value of ‘integrated watershed/coastal zone reef management’ in
conjunction with the establishment of Marine Protected Areas for rational conservation and use of coastal
marine biodiversity in the South Pecific at the local, national and global levels.
The ‘marine planning and conservation” sub-component will be led by CI with WWF France and
WWEF South Pacific who will perform two eco-regional assessments: one for New Caledonia, the other
for the Polynesian area.
The ‘establishment of marine protected areas (MPA) and strengthening of existing MPA’ sub-
component will be conducted in close cooperation between seven agencies. Conservation
International, World Wildlife Fund for Nature (WWF France, WWF South Pacific), the Foundation of
the Peoples of the South Pacific Internationa (FSPI), IFRECOR and Proscience, Aleipata and Safata
MPAs (Samoa) and IRD (GERSA).
For the ‘watershed’ sub-component, Cl, CIRAD Forestry, together with ‘Institut Agronomique
Calédonien’ (IAC — the New Caedonian Agricultural Research Ingtitute), and IRD (through the
GERSA project) will move to implement spatial and integrated approaches to watersheds so as to
reduce the impact of terrestrial materials on coral reefs, including marine protected areas.

AFD and FFEM have given Cl responsibility for the technical and administrative coordination of
Component 1.

An agreement will be signed between Cl and IRD and another between Cl and CIRAD.

In order to facilitate the implementation of each of these two projects, a steering committee could be

appointed for CRISP Project 1D. This committee could comprise six members:

Two management representatives from the agencies implementing the activity:
- B. Mallet, Head of CIRAD Forestry Department,

- F Huynh, Head of IRD’s ESPACE Unit.

Two representatives of the donors:

- E. Cluafor AFD,

- F. Martel for ClI.

Two external scientists could be selected as the other two steering committee members.

This document forms the scientific and technica annex to the agreement between Cl and IRD. The activities
described in this document were presented and validated by all CRISP project partners at the workshop held
in Nouméa in January 2005.



2. The GERSA Project (Integrated watershed/coastal zone reef management: from satellite to
stakeholder)

GERSA is a cross-cutting project relating to Projects 1B (MPA) and 1D (watersheds) of CRISP Programme
Component 1. Its purpose is to foster the emergence of an integrated cross-cutting approach based on public
policy tools and monitoring methodology and local-scale stakeholder dynamics. Ultimately, the god is to
have a scientific foundation and indicators suited to Pacific Idand settings so as to set up country sustainable

devel opment observatory networks as part of the introduction of MPA.

The project’s general objective is to achieve integrated management of watersheds and coastal zones lying

inshore from marine protected areas.

GERSA comprises 4 Workpackages (Figure 1):

a  Thesgpatia approach,

b) Integrated territory management: territoriality and socio-economic value,
¢)  Environmental information management and modelling,

d)  Watershed dynamics and hydrological modelling.
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2.1 General project scope

The high idands of the Pacific, in which CRISP will operate, are characterised by short and steeply-soping
watersheds, where erosive events can generate large terrigenous material run-off loads that threaten the
vitality of adjacent reefs, even when these are protected by an MPA. Because of the increasing population
pressure on many watersheds, land clearance and associated new agriculturd land are growing, thus

increasing the risk of erosion.

To this background, the establishment of Marine Protected Areas (MPA) is a hecessary but insufficient pre-
condition for ensuring continuing cora vitality. This should be accompanied by the introduction of an
integrated management policy for the relevant watershed. Similarly, when an MPA is set up, the sustainable
regulation of reef uses by the involvement of the local communities in the co-management process is a
necessary but insufficient pre-condition for the sustainability of the MPAs. Integrated management of the
watershed concerned, so as to minimise negative impacts on the reef, is another pre-condition for a
successful MPA.

However, good coral reef governance in the Pacific cannot be reduced to merely adding watershed
management to reef management. In small islands, the reef and a major proportion of the watershed, often al
of it, areintegral parts of the same village territory. In aregion where place is the very foundation of identity,
a physical bond links people to their territory, i.e. to the space that they have taken ownership of to
perpetuate the social group to which they belong and to satisfy their vital needs. The village territory
therefore forms the spatia unit in which any integrated watershed/coastal zone management initiative must
be implemented. For this reason the GERSA project focuses on the people/territory angle, which explains
why the socia sciences have akey part to play in this project.

2.2 Incorporation of the GERSA project into the MPA and water shed sub-components of the CRISP
Programme

The MPA sub-component of CRISP comprises two activities:

a)  strengthening of MPA management,

b) establishment of new MPAs.

The three GERSA project activities (spatial approach; territoriality and value of eco-socio-systems;
information system and modelling) will be involved in each of these two areas.

The watershed sub-component of CRISP, prepared by CIRAD, IRD and CI, comprises 6 activities (Table 1):
a) literature review,

b)  project assessment,



¢)  environmenta risk and damage mapping,
d) casestudies and demonstration sites,
€)  modeling and environmental information system for integrated coastal zone/watershed management,

f)  planning: from local to national.
Providing it can be funded from CRISP Component 3, a workshop on experience in integrated coasta
zone/watershed management and MPAs in the Pacific islands area could be scheduled for the end of the

programme.

Table 1 - Correlation between the 4 GERSA activities and the 6 CRISP watershed project activities

CRISP activities N b) C) d) 2) f
) Project Risk Case EIS ]
Lit. ) Planning
GERSA workpackages (WP) assess. maps studies | models
WP 1 Observation of the earth XXXXXX | XXXXXX | XXXXXX XXXXXX

WP Integrated approach to territories:

territoriality and socio-economic XXXXXX | XXXXXX | XXXXXX | XXXXXX | XXXXXX XXXXXX
values

WP EIS/modelling XXXXXX | XXXXXX XXXXXX
WP Watershed dynamicg/hydrologica

XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX

modelling

The *spatial approach’ activity will be involved in the ‘environmental risk and damage mapping’, ‘case
studies and demonstration sites’, ‘modelling and environmenta information system for integrated coasta

zone/watershed management’, and ‘ planning: from local to nationd’ activities.

The ‘Integrated approach to territories: territoriality and socio-economic value activity will be
included in al activities (Table 1).

The'EIS/modelling’ activity will be involved in the ‘ modelling and environmenta information system for

integrated coastal zone/watershed management’ and ‘ planning: from local to national’ activities.

The ‘Water shed dynamics/hydrological modelling’ activity will be included in all activities.




2.3. Research sites

Not al Pacific locations are éligible for CRISP support. The AFD can only fund independent countries, apart
from Wallis and Futuna. Cl mostly operatesin the Polynesia/Micronesia area.

- The pre-selected GERSA sitesdigible for AFD funding are located in Vanuatu and Fiji.

- The pre-selected GERSA sites éligible for ClI funding are located in Fiji and French Polynesia.

- The sites where research will be conducted with the Project 1B “MPA” allocation will be considered as
“cross-cutting pilot sites for the Pacific Region” and will be selected in close parthership between the
GERSA team, the ClI Component 1 coordinator and the partners of the Project 1B “MPA”.

- Some sites in New Caledonia will be studied to develop methodologies that will be replicated and
adapted in other parts of the Pacific Region in kind support of IRD.

Final site selection will be carried out in agreement with each country’ s authorities after the project has been
launched.

Research will be conducted on two sites in Vanuatu. Pre-selection has aready been done and the fina
choice will be made in agreement with traditional leaders and the authorities in Vila. The pre-selection
comprisesthe following sites:
Nguna Island and adjacent shorelines on Efaté in the centre of the group, including the Paonanguisu
reef ; this zone includes an MPA and comprises the finest reef complex around Efate with watersheds
where land clearance is occurring because of the demographic pressure on Efate;
Anatom Idand, in the country’s far south, which has the merit of associating eroded slopes and the
largest single reef areain the country, currently in the course of being classified as amarine reserve;
the Port-Stanley/Crab Bay complex and associated watersheds on the east-central coast of Maekula;
thisisthe finest mangrove/reef complex in the whole of Vanuatu;

the southern shoreline of Santo Idand.

In Fiji, one or two sites will be selected as a GERSA project venue, it would be desirable to select a site
according to the WCS study (decembrer 2005) Fiji watersheds at Risk —Watershed Assessment for Healthy
Reefs and Fisheries.

In French Polynesia, two sites could be investigated:
the idand of Mooréa is the only part of French Polynesia where a marine area management plan
(PGEM - Plan de gestion des espaces marins) is being applied. Research on watersheds and the
associated human dynamics will make it possible to assess the degree to which watershed dynamics
can routingly influence the PGEM for the purpose of planning integrated watershed/coasta zone
management. This study will also facilitate mapping of representative landscape units representing the

highest biodiversity concentrations.



the Tahiti peninsula remains largely undeveloped but the future development of this area is being
planned and, in order to avoid the destruction of the most valuable terrestrial biodiversity habitats, it is
important to map the watershed landscape units, at the same time as establishing the PGEM, initiated

by the French Polynesia Ifrécor committee.

In New Caledonia, the fina site selection will be carried out in agreement with the authorities. However,
IRD will itself research the watersheds in coastal areas of the Southern Province, from Dumbéa to Bourail,
an area that includes the La Foa MPA set up by the Southern Province, which will be a test zone for
developing and validating the methods for subsequent application at CRISP sites.

24 Theteam

The GERSA team comprises 13 IRD researchers, scientists and technicians, as well as 3 contract staff and 3
academics. The team will work in close partnership with CIRAD, the CRISP watershed partner institution,
the University of New Caledonia, the University of the South Pacific, the University of French Polynesia,
CSIRO and ClI.

Composition of the GERSA team

Project Leader: G. David, ocean and island geographer, GIZC team leader in the ESPACE Unit, in addition
to undertaking project coordination, will mainly be involved in Activity 2 of the CRISP watershed sub-

component and the MPA sub-component.

- Workpackage 1 * Spatial Approach’

S. Andréfouet, geomorphol ogist/remote sensing research scientist, Coreus Unit, IRD New Caedonia
M. Despinoy, remote-sensing/GI S research scientist, Espace unit, Noumég;

P. Dumas, geomatics geographer, lecturer, University of New Cal edonia/Espace unit;

J. Papaafaite, survey technician, IRD Tahiti;

G. Pennober, remote sensing and coastal geographer, lecturer, University of La Reunion/Espace unit;
J. lltis, geographer/geomorphol ogist, IRD Representative in French Polynesia;

1 geomatician (12 month contract).

- Workpackage 2 ‘Integrated approach to territories: territoriality and socio-economic value

G. David, geographer, Espace unit,

JB. Herrenschmidt, specialist in territoriality-development issuesin the Pacific Idlands (3-year contract);
H. Rey, economist, associated professor, University of Montpellier;

S. Roussel, economist, Syscolag programme, University of Montpellier.



- Workpackage 3‘Environmental Information System/Moddling’

D. Lille, EISresearch scientist, Espace unit, Nouméa;

M. Mangeas, modeller, research officer, Espace unit, Nouméz;

Touraivane, IT speciaig, lecturer, University of New Caledonia/Espace unit, Nouméa;
P. Capolcini, IT specialigt, lecturer, University of French Polynesia, Tahiti

1 EIS/modelling specidist (30 month contract).

- Workpackage 4 ‘Water shed dynamicsg/hydrological modelling’
C. Depraetere, geomorphologist and hydrologist, IRD research officer;
A. Batti, remote-sensing scientist/hydrology /GIS (16-month contract),
N. Maihota, survey technician, IRD Tahiti.

3. Workpackage 1 ‘SPATIAL APPROACH’

High-resolution and very-high-resolution satellite remote-sensing is a very productive way of ‘ spatialising’
knowledge on coasta, reef and adjacent watershed landscapes and their development over time. It is dso the
spatial tool for the analysis of risk generated by the erosion hazard. This activity comprises 2 objectives
(Table 2):

- General mapping of watersheds and coastal zone reefs,

- Mapping of potential erosion and pollution risks on watersheds and downstream coasta zones.

Table 2 — Incorporation of the activities of the GERSA spatial approach workpackage into the 6
activities of the CRISP water shed project

14CRISP 2 b) C) d) e) f
Activity \ _ Project Risk Case EIS _
Lit. ) ) Planning
GERSA assessment | mapping | Studies models
Watershed and coastal mapping XXXXXX XXXXXX XXXXXX XXXXXX
Erosion risk mapping XXXXXX XXXXXX XXXXXX

3.1 General mapping of watershedsand coastal zonereefs

The mapping exercise will cover all the research sites. A dual mapping approach will be taken for each one:

A satellite image map showing natural landscapes that form the habitat of the speci es representative of

isand biodiversity, including endangered species; land uses; constructions. This map will cover a) the




MPA coastal component (if thereisan MPA), b) the adjacent coastal zone, ¢) the watersheds upstream
from the MPA.
Satellite image map of changes on a multiple time scale for each of these three aspects where data are

available.

These mapping approaches will use image processing methods, as follows:

Convert into useable form arange of data coming from different sources at different times,

Carry out pre-processing to standardise this information (radiometric, atmospheric and geometric
correction and, if possible, application of the Lambertian topographic standardisation model to
eliminate slope effect),

Use subject (segmentation) and statistical (PCA, change detection) approaches to process images.

When we have acquired images over a number of years, more emphasis will be placed on land use changes
and related logic over multiple time scales.

3.2 Mapping of potential erosion and pollution risks on water sheds and downstream coastal zones

This risk mapping exercise aims to identify the degree of vulnerability of coastal zones and watersheds
located upstream from erosion and pollution hazards and aso the socio-economic and environmenta issues
associated with this vulnerability. Five main types of pollution are considered to be potential hazards: waste
water from urban areas, livestock farm effluents, pollution caused by fertilisers and phytosanitary products,
effluents from aguacultural ventures, terrigenous materials from mining, especialy from abandoned and

unmaintained sites: in New Caledonia, thisisamgjor factor.

After development in New Caledonia (as part of UNC/IRD collaboration funded by IRD from its

ownresources), the method will be tested in French Polynesia, Fiji, and Vanuatu if datas are avalaible.

Five types of map will be produced for each site:

A map of the vulnerability of the watershed to erosion and run-off,
A map of the potentia effluent hazards to watersheds and adjacent coastal zones,
A map of potential risks for watersheds associating potential hazard/vulnerability and relevant issues,

A map of the potential risks to the coasta zone associating erosion and run-off/vulnerability hazards

and relevant issues.
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A map of the potentia risks in the coastal zone associating the effluent/vulnerability hazards and

relevant issues.

Methods

Mapping of land uses and natural landscapes, in both inland and coastal zones, is the common denominator
between these 5 types of map. Satellite image processng will be done with multi-layer information
processing by ‘expert classification’ through enrichment of satellite-capable outside information. This
method uses classifications by rules of decision guided by logica operators. The aim is to produce potential
risk maps by combining earth observation data and information on the practices of stakeholders occupying
the territories under consideration. After the development of the method on a site in New Caledonia, the
GERSA project will test the method and vaidate it on another island where sufficient information exists on
agricultural practices and human dynamics. Mooréa, Fiji, and on an idand of Vanuatu, a country with much
more incomplete statistical data.

Map of the vulnerability of the watershed to erosion and run-off

- The vulnerability to erosion will be assessed from the crossing of 5 variables: @) land use, b) cultura
practices, ¢) dope, d) soil characteristics or nature of the substrate according to available information,
e) therainfall hazard.

- Vulnerability to run-off will be assessed from the crossing of 6 variables: a) vulnerability to erosion,
b) dope, ¢) extent of impermeable areas, d) land use, €) density of hydrographic network, f) number

and direction of roads where stormwater drains have been put in.

Map of the risks on watersheds adjacent to the relevant coastal zone, associating the erosion and run-

off/vulnerability hazards and issues

- Issues affecting watersheds will be assessed according to the socio-economic and environmental

values of the areas comprising these watersheds.

Map of the risks on coastal zones, associating the erosion and run-off/vul nerability hazards and issues
- The vulnerability of the coastal zone to erosion will be assessed using 3 variables: @) direction of

coadta drift, b) flows in watercourses, c¢) distance from river mouths.

- The potential erosion hazard will be estimated from the size and land use features of the watershed
drained by the watercourses.

- The potentia run-off hazard will be assessed from the crossing of 5 variables: @) land use, b) dope, ¢)
extent of impermeable areas, d) density of hydrographic network, f) number and direction of roads

where stormwater drains have been put in.
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- Vulnerability to run-off will be assessed from the crossing of 6 variables. a) the potential erosion and
run-off hazards on the watershed, b) the degree of openness or confinement of the coastal zone, c) the
size of the mangrove areas (liable to trap suspended sediments), d) the distance of reefs from river
mouths, €) the direction of coastal drift, f) the morphology of the coastline..

- Coastal zone issues will be assessed according to a) the status of the coastal zone ‘natural capital’, b)
the services it renders to human communities, ¢) the density and nature of economic activities located

within the coastal zone (including dwellings).

Map of potential effluent hazards on watersheds and adjacent coastal zones

- Five variables will be associated: a) nitrogen flows and loads from livestock farming, b) nitrogen and
phytosanitary flows and loads from agriculture, ) nitrogen flows produced by urbanisation on the
watershed, d) nitrogen flows produced by agquaculture, €) nitrogen flows produced by urbanisation in

the coastal zone, including tourist facilities.

Map of risks on the coastal zone associating the effluent hazard/vulnerability and issues

- The overall vulnerability of the coastal zone will be assessed from the crossing of 5 variables: @) the
potential effluent hazard on the watershed, b) the potentia effluent hazard on the coastal zone, c) the
morphology of the coastline, d) the currentology, €) the vitality of the reef.

- The issues concerning the coastal zone will be assessed with reference to a) the status of the natura
capita of the coastal zone, b) the services it renders to human communities, ¢) the density and nature

of economic activities|ocated within the coastal zone (including dwellings).

4. Workpackage 2 ‘INTEGRATED APPROACH TO TERRITORIES AND MPA:
TERRITORIALITY AND SOCIO-ECONOMIC VAL UE’

In the Pacific, the sense of belonging to the land is inseparable from human existence. In Samoa, for
example, the term "Fanua" refers both to the land and to the placenta (Tcherkézoff, 1992), while in Fiji the
word "Vanua' unites the territory and the group that inhabits it (Crosby, 1994). As F. Trolue (1994, p. 159)
explainsin relation to the Kanak world: "land does not belong to man, man belongs to the land”. Asthe fruit
of the union between the blood and the soil, the territory binds all men to their ancestors and thus forms an
essential component of social and cultura unity in island communities. This sense of unity will prevail while
a group continues to occupy its territory and continue even after geographical dispersal, for as long as their
collective memory identifies that territory as the cradle of their common identity. This specid relationship
between territory and identity is the main form of territoriality in pre-colonial society. It is still very vigorous

in most rural areas of the Pacific Idands. An essential component of the environment/society relationship,
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territoridity is expressed especially through land, an understanding of which is therefore required to help

guide al natural resource management project devel opment, including the CRISP project.

Estimating the socio-economic value of the environment has two benefits for CRISP:

a  Whenthe MPA is at the planning stage and the site for protection is being selected, an estimate of the
socio-economic value of the reef and associated mangrove and seagrass beds provides further decision-
making information to the ecological assessment, which is based solely on the scarcity of the
biodiversity present on the site.

b)  When the MPA has aready been operational for a number of years, estimating its socio-economic
value is an important part of the assessment of the ‘reserve effect’. If the results are positive, this kind

of assessment is highly educational for promoting the establishment of new MPASs.

This workpackage comprises six activities (Table 3):
Table 3 — Incorporation of the activities of the GERSA ‘integrated approach to territories
wor kpackagein the 6 activities of the CRISP water shed project

1.4 CRISP b) ) d)
- a) . . €) f)
Activity \ _ Project | Risk Case _
Lit. ) ] ElIS models Planning
GERSA anadlysis| maps | studies
Lit. review on territorial
) XXXXXX | XXXXXX XXXXXX
strategies
Lit. review on socio-econ. role of
XXXXXX | XXXXXX XXXXXX
MPA
Analysisof territorial customary
XXXXXX | XXXXXX XXXXXX XXXXXX
systems on WS and coast. zone
Socio-economic description of
) o XXXXXX | XXXXXX XXXXXX XXXXXX
village communities
Consequence of MPA on land
) ) XXXXXX XXXXXX XXXXXX
and village territory
Assessment socio-econ. value of
MPA XXXXXX | XXXXXX XXXXXX XXXXXX

1. Literature review on the role of land strategies in stakeholder logic systems applied to resource
management and development in rural aress;
2 Literature review on the economic and socia role of MPA and their assessment;
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Analysis of territoria customary systems applying to watersheds and the coastal zone;
Socio-economic description of village communities;

Analysis of theimpact of marine protected areas on customary territories;

Assessment of the social and economic values of MPA.

Activity A — Literaturereview on therole of land strategiesin stakeholder logic systems applied

to resour ce management and development in rural areas

Thisanalysiswill cover every CRISP project country and attempt to distinguish between unvarying elements

(characteristics common to all Pacific idand societies) and specific local features. The anaysis will produce

atypology of invariable factors with regard to territorial strategies.

This typology will be used in the next stage of the study to estimate, area by area, the probable influence of

theseinvariables as afactor to explain the observed territorial strategies.

4.2

Activity B — Literaturereview on the economic and social role of MPA and their assessment

From areview of the international literature and the grey literature issued by CRISP project participants, the

purpose will be:

4.3

To list the various economic and socia functions perfomed by MPA in reef environments,
To ligt, criticise and synthesise the methods of performing economic and socia assessment of the reef

environment.

Activity C — Analysis of territorial customary systems applying to watersheds and the coastal

zone

Thefollowing will be prepared for each site:

4.4

An inventory of marine and terrestrial topotypes, with also where possible a map of marine and
terrestrial land tenure arrangements;

A catalogue of the rules regarding access and use of various parts of the village territory;

The forms of socia and political organisation of the village communities and the way they fit into the
space will be addressed.

Activity D- Socio-economic description of village communities

Thefollowing will be prepared for each site:
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A resource (material and natura), inventory, stressing traditional knowledge applications to knowing
and managing the environment,

An inventory of uses of the natural environment and the relevant customary rules,

An analysis of the interactions between ‘traditional’ practices and modern practices (endogenous or put
in place as part of devel opment projects),

A map based on stakeholder descriptions of their activities and the relevant spaces.

Activity E — Consequences of MPA on local land tenure, village territory and the local

gover nance system

Generaly speaking, land strategies are individual, family-based or clan-based. When a marine protected area

is set up, reef accessrules and use limits are defined as part of acommunity strategy. This strategy is applied

by the traditional leadership or is agreed by consensus by the community members. In either case, the

strength of the social bond between villagers or that with their representative(s) ensures compliance with

these access and use rules.

In areas where MPA exist or areas of great biological value where future MPA are planned, the purpose will

be to conduct research on:

Theimpact of land strategies on the establishment of MPA,

The impact of the establishment of MPA on the land strategies of communities living in the coastal
zone and adjacent watersheds and al so on the timetable of upstream activities,

Theimpact of the establishment of MPA on the socia organization of the village territory and the local

governance system.

4.6 Activity F — Assessment of the social and economic values of M PA.

For the MPA that lie within our research sites, the purpose will be to:

Estimate the economic cost of setting up an MPA (loss of activities resulting from reef access and use
limitations) and its annual operating costs for village communities;

Estimate the economic benefits of the MPA for these communities;

Estimate the social and cultural disturbances associated with the establishment of the MPA and its
operation.

Estimate the socia and cultural benefits that the MPA may generate;

Gather villagers' perceptions about the impact of the MPA on the economic, socia and culturd life of

thevillage.



15

These activities will require field surveys to be carried out, multidisciplinary document analysis and the
introduction of specific methods for this issue in the South Pacific idand context. The IRD team has
significant experience with the implementation of these approaches from in particular the work done as part
of his doctoral thesis by Jean Brice Herrenschmidt (2004) and the results of the Valsecor project (planning
Contract between the State, the Region and Europe 1999-2004) introduced on Reunion Island.

All the approaches comprising the ‘integrated approach to territories segment take into account the spatial
and temporad dimension of settings and societies so as, after analysing the elements of genericity and
identifying those that require specific approaches, to form an anaysis making it possible to define the
conceptual bases of amodelling process for the logics of stakeholders and their perceptions.

5. Workpackage 3 ‘ENVIRONMENTAL INFORMATION SYSTEM AND MODELLING OF
SPATIO-TEMPORAL DYNAMICS ON WATERSHEDS

5.1 Description of objectives

The activities proposed under this activity involve spatialising information and knowledge on interactions
between a watershed and an MPA (marine protected ared) within an information system. The main god will
be to develop a set of tools and methods (originating in spatidisation and mathematical modelling) making it
possible not only to better understand the interactions between the dynamics governing ecosystems from the
watershed until the coasta zone reef and their uses, but aso to perform simulations of impacts related to the
development of human activities. Such modelling will also draw on knowledge and data obtained by IRD,
CIRAD and their partnersin the CRISP project.

This work will result in the introduction of monitoring and surveillance tools for the identified sites as well
as decision-making, coordination and management aids relating to land use and the management of al
human activities having a significant impact on the coastal zone and the MPA. These approaches will aso
provide ways of preparing and analysing scenarios in order to simulate the impacts of a chosen strategy (in
management terms for example) and the incorporation of the consequences of unusua events; this will also
make it possible to identify the causes (diagnostics), which are often multiple, of a deterioration in the status
of an MPA. The techniques, as we conceive them in this activity, are essentia because they will make it
possible to use the data and knowledge acquired by al the partners involved in Component 1 B
(workpackages 1 and 2) of this proposal (CIRAD, USP) effectively, more than BY the use them by the use of
static discipline-based indicators (as traditionally proposed), because of the understanding and modelling of
the underlying spatio-temporal interactions and the incorporation of a multidisciplinary knowledge base
(Table 4).
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5.2 Resources

This workpackage will be implemented by the SICAD (integrated knowledge system for informed
environmental decision-making) team of the ESPACE Unit in direct conjunction with the other teams of the
CRISP GERSA project for the spatiaisation and humanities components in particular. This knowledge
spatiaisation and modelling work will be carried out at pilot sites featuring the most generic issues and in
pursuance of the prospect of knowledge transfer to regional country partners so as to make the use of these
methodol ogies sustainable. The experience of the ESPACE Unit as acquired in recent years on related issues
(example of the SAGE Programme with the Loydty Idands Province, the coastal zone management
assistance project at a pilot site on Reunion Island) will of course be reused. Collaboration with the Géodes
team at IRD and the CIRAD Green team that will be undertaken. The ADAGE and SAGE projects on the
management of the water lens in the karst isdands of New Caledonia have shown the importance of
communication at every stage in these projects between the teams responsible for implementing them and the
local institutions and communities scheduled to benefit from them. This will be a central aspect in the
assembling of the EIS, which will be a joint activity between the GERSA team and the users and managers

of the watersheds and coastal zones concerned.

Table 4 — incorporation of theactivities from the GERSA EIS/modelling workpackage in the six
activities of the CRISP water shed project

1.4CRISP b) ) d)
o a) . . e) f)
Activity \ _ Project Risk Case _
Lit. ] i EISmodels | Planning
GERSA analysis maps studies
Modelling of materia flows and
XXXXXX XXXXXX XXXXXX
uses from watersheds to reef
Prototype EIS/GIS distributed XXXXXX XXXXXX XXXXXX

5.3 Methodology

The interactions will here be considered in the form of separate events and they will be validated by means
of pluridisciplinary expertise. Human activities and occasiona natural events will be taken into consideration
and included in the modelling exercise for smulation purposes. The am will be to design techniques
dedicated to the surveillance and diagnosis of the ecosystem and, for any specific observed disturbance, to
estimate the most probable causes and separate the natural impacts from the various human activitiesin time
and in space. The techniques that may be used in this respect will be of the ‘separate event system’ type
such as hidden Markov chains, Bayesian networks, dynamic timed automata, Petri networks, etc. Because of

the random and uncertain nature of the events being studied and the involvement of multidisciplinary
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components (social, biological, geological, etc) in the management of an ecosystem, one of the challengesin
this task will be to combine both deterministic and statistic methods.

EIS prototype
A prototype environmenta information system (EIS) enabling decision-makers and managers to utilise, at
related sales, datarelating to the a) watershed, b) coasta zone reef, ) the marine environment, will be set up.

This EIS will make it possible to use heterogenous data such as the results from eco-regiona assessments
performed by WWF, perception gatherings, field survey results and earth observation data, statistical and
information compilations of various kinds relating either to MPA and their natural and socio-economic
environment or to watersheds.

The development will draw on OGC standards enabling reliable inter-operability and data exchange in an
international context.

The simulation and surveillance tools developed as part of this exercise will be gradually incorporated into
the EIS offering decision-making tools enabling the monitoring and surveillance of the watershed and the
MPA.

Datataken into consideration

The dataincorporated by modelling will, on a priority basis, be those from other GERSA activities:
Maps of vulnerability, issues and risks from the remote-sensing segment,
Knowledge on the various economic and socia functions performed by identified watersheds
(industry, livestock farming, etc),
An inventory of uses of the natural environment and the relevant customary rules,
Data from eco-systemic research on terrestrial and marine components, etc,
Together with any relevant data from other partners of Component 1 B and other CRISP project

components. .

Siteidentified

Theideais to propose an EIS and a modeling system on the basis of the techniques developed, which are
designed to be generic. Depending on the quality and quantity of data collected for al the identified sites, the
test site will be chosen to vaidate the modelling systems and build a prototype usable by decision-makers
and managers. The methodology prepared as part of the GERSA project may be extended to other sites
offering reliable data.

6. Workpackage 4 "WATERSHED DYNAMICS AND HYDROL OGICAL MODELLING’
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In terms of high idand hydro-climatology, the South Pacific offers a fairly homogeneous research
environment. If New Guinea is excluded, the largest watersheds do not exceed 1000 sg. km. (max 624 q.
km. in New Caledonia, 456 sg. km. on Santo, 117 sq. km. on Efate). Slopes are quite steep both in
watersheds and dong the rivers thus favouring high run-off rates and rapid rises in levels. Rainfal figures
usually exceed 1000 mm per year with both a high contrast between the windward and leeward sopes and
also amgjor rainfall gradient determined by dtitude. The highest rainfall events are associated with cyclones
which are much bigger than watersheds. Many islands are volcanic in origin and may comprise portions of
raised coral limestone karst or originate in portions of elevated oceanic plate. This overal homogeneousness
justifies and facilitates the hydro-climatic study of watersheds at the scale of the whole South Pecific region.
It should not however conceal the difficulties that accompany trying to transpose a model from oneisland to
another, or indeed a watershed to a neighbouring one. The insulin geographical configuration of the region

requires the use of hydro-climatic research scaes specific to it.

6.1 Hydro-climatic study scaleswithin GERSA/CRISP

The hydrological modelling of the watersheds concerned should be incorporated into a group of five

related hydro-climatic research scales (Figure 2):

GERSA/CRISP
AN
[ l
forcages Désagrégation Segmentation Unités homogénes

Echelle —> Echelle ——> Echelle —> Echelle —> Echelle
Globale é— Régionale é— Moyenne é— locale & micro-locale

paramétrisation régionalisation intégration paramétrisation
groupes d'iles
fonctionnement compoitant plusieurs groupe d'lles Portion de lagon mESur:Ifoﬁ;oI;essus
des interactions lagons disjoints » ié Sy .
terre-océan atmosphére gﬂai.s smjés occupant un méme daﬁ isgtﬁilgeef:‘f " de bassins élémentaires,
a I'échelle du globe d . lagon bassi " de versants, de parcelles,
ans le méme assins versants voire de points.
contexte océanique et
climatique

- Ovedl scde this endeavours to represent all the physical processes interacting over the three Earth-
Ocean-Atmosphere components at the scale of the Globe. Typicaly it corresponds to the scale of
genera circulation models (GCM) capable of providing possible future climate evolution scenarios;

- 'Regiona hydro-climatic circulation scale (RHCS): can replace the regional scale considered in the
overall setting in particular with reference to the general atmospheric and oceanic circulation process;

- ‘Mean functiona integration scae (MFIS): can integrate all inputs linked to the hydrology of emerged
land and within the functioning of the periphera shalow coastal zone;

- ‘Local andysis scd€ (LAS), can be used to study in detail the relationships between emerged land and
the coastal marine zone or for application purposes (e.g. introduction of an MPA in part of alagoon) or

to determine orders of size in balances (hydrological, solid load, suspended load, etc);

‘Micro-loca experimentation scale (MLES): corresponds to small-scale process studies on small areas.
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The scales considered in GERSA/CRI SP

The two scales directly concerned in the initial phase of Workpackage 4 are the medium and local scales.
Theregiona scaeis not considered until the end of the study at the country scale (the island group®scaein
fact) and proceeds by regionalising the results obtained at the medium scale.

The leverages of the overall scale on the regiona scale will not be researched because sufficient resources
are not available. Similarly, micro-local scale studies making possible a better parameterisation of the
models used at the local or medium scales will not be developed because they presuppose a high degree of
investment in terms of experimental monitoring and financial resources.

The medium scale

The medium functional integration scale (MFIS) corresponds to geographical entities comprising one or
more idands associated with the same lagoon. This scae corresponds to objective functiona entities
associating an island group to a shallow maritime coastal zone. Because of this, it forms the geographical
framework making possible aglobal GIZC. Their surface areas are 102 (Mooréa), 102 (Santo) and Efate), or
indeed 102 sg. km. for the main isand of New Caedonia. Spatial resolution of the order of 1x1 sg. km.ls
required at this scale.

Thelocal scale

The loca scale andysis (LSA) concerns specific entities associated with a management arrangements
(introduction of an MPA, etc), a risky (mining activity, urban waste disposal, etc) or an experimentd

exercise (i.e. sitewith many dataavailable. (see Table5).
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Table5— Geographical entitiesat thelocal analysis scale

Geographical entities at the

] LAS Zone
local analysisscale o
watershed and Priority Comment
adjacent lagoon
Ste
Theisland of Mooréaisthe only part of
French Polynesia where a PGEM is under
1 watershed + lagoon implementation. Project activity will focus
PGEM/Mooréa ) 1 )
close to the river o on the watershed to assess whether its
(Mooréa) (pilot site) ) o
mouth ? dynamics have adaily influence on the

PGEM.
*Marine area management plan

Pele and Nguna o ) )
Thisisthe finest reef complex of the island

Pele and Nguna Iands MPA | Ilands + North Efate+ 1 .
. L of Efate. The island®watersheds are
(Efate ,Vanuatu) Paonanguisu (pilot site) ) )
] gradually being cleared of vegetation.
Main reef
2
Fiji Site to be specified (under

consideration)

Northern Province

Mont Panié watershed is a complete reserve

MPA+ WS 2 ) )
Future Mont Panié MPA i i o ) adjacent to the east coast and the adjacent
(including Cuaiémé, | (planned pilot )
(Grande-Terre, NC) ) reefs. Thisfuture MPA could be a CRISP
WS 324k, data site) ] o
demonstration pilot site.
1956-1961)
If the Vanuatu authorities so request and if
supplementary funding is granted, the island
2 of Anatom, in the far south of the country,
Anatom Island Island + ) )
] (under could become aresearch site. Thiswould
(Vanuatu) peripheral reef ) ] ) o
consideration) | have the merit of associating eroded
watersheds and the largest single Reef
complex in Vanuatu.
Port-Stanley/Crab Bay 2 ) ) )
Thisareaisthe finest mangrove/Reef
East Central Coast Crab Bay watersheds. (under

(Mallicolo,Vanuatu)

consideration)

complex in Vanuatu.

6.2 Hydrological modelling




21

The multiplicity of scales and research sites requires the selection of a simple hydrological model that can
easily be transposed from one watershed to another and one scale to another. The number of models cannot
be increased for both practica and scientific reasons. The broad regiona scope of the CRISP project
requires the devel opment of generic methodologies at the scal e of the South Pacific.

Hydrological modelling of flows at the river mouth

The purpose is to determine al watershed inputs whether or not they are being gauged (Map 2 a), and
therefore this requires the adoption of a cluster-model type distributed hydrological model (Figure 3) suitable
for studying functioning at the local scale (Map 2 b) and the incorporation of micro-local data (Map 2 c).
Watersheds with reliable flows over a sufficiently long period and sufficiently complete rainfall data will
make it possible to cdibrate the rain/flow rate relationships. These relationships will then be extrapolated to
the other watersheds offering morpho-climatic analogies and geological similarities with the calibration
watersheds.

Incorporation of other data for the estimation of solid inputsand inputsin solution

The hydrological model described above only provides flow estimates at the river mouth. Estimates of other
kinds of input will require the use of environmenta data (sope systems, surface status including geology,
soil and vegetation), in experimenta form (plot erosion, solid loads or loads in solution) and hazards (rain,

occasiona or diffuse pollution sources, etc).



Carte 2:
Emboitement des modéles de
I’échelle moyenne et al’ échelle
locale

Cate2a. :

Echelle moyenne de la Grande-Terre
de Nouvelle-Calédonie :
Ensemble de bassins versants se
déversant dans un méme lagon

Cate2.b
Echelle locale
delarégion du Mont Panié
avec le bassin versant de Ouaiéme:
modélisation des apports du bv
danslelagon

Carte 2.c
Détail del’échellelocale
correspondant a
I"échelle micro-locale
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Figure 3 - Architecture d’ un modél e en grappe connecté avec la partie marine

These extra data, some of which will be obtained from Earth observation data, will make it possible to
parameter and spatialise the various factors involved in solid and dissolved load inputs from watersheds into
rivers. The Earth Observation outputs are homogeneous and will be extensively drawn upon by
Workpackage 1 of GERSA in order to spatiaise these factors (linked to erosion for example) or hazards
(occasional pollution from cities or livestock farms, and diffuse pollution from agriculture). These localized
data will have to be integrated, possibly with some adaptations, into the hydrological model distributed for

the purpose of estimating the various inputs at the outlet.

With reference to seeking reasonable solutions to practica problems, a simple USLE-type method will be
used to estimate watershed erosion and calculate input into rivers.

6.3 Placeof Workpackage4in GERSA

Activity 4 will be responsible for incorporating the hydro-climatic data required for the cadibration and
validation of the hydrological model enabling simulation of the rainfal/river flow relationships at the river
mouth (Figure 1 and Table 6).



24

The activities of parts 4 and 1 will be closely related in varying regards. Analysis of the rainfall hazard will

need to be carried out in close conjunction with aspects related to hydrology: extreme cyclonic rains, return

periods at various scales, spatiaisation of rainfal fields, erosiveness of rainfall. The same goes for the

definition of the erodability classes as determined by the surface status.

Table 6 —incorporation of the activities of Activity 4in the GERSA activities of CRISP

14 CRISP b) C) d)
o a) : : e f)
Activity ) Project Risk Case )
Lit. ) ) EIS models | Planning
GERSA analysis | maps studies
Regiona hydro-climatic scale
XXX
sites (country)
Mean scale sites (I1sland) XXX XXX XXX XXX XXX
Local scale sites (WS) XXX XXX XXX XXX XXX
Hydrological modelling sensu
) XXX XXX

stricto

7.  Timetable

Segment Year 1 Year 2 Year 3

Spatial approach

Data collecting and first All the sites All the sites

treatments

Cartographic scoping Vanuatu, Fiji Fiji, French Polynesia

Map of erosion and pollution New Caledonia French Polynesia, Fiji French Polynesia, Fiji

risks

Integrated management of

territories

Territorial strategies Lit. review

Analysis of customary territorial | Pilot sites, Vanuatu Vanuatu, Fiji Fiji

systems on water sheds and

coastal zones

Socio-eco. description of village | Vanuatu Vanuatu, Fiji, French French Polynesia

communities Polynesia,

Consequences of MPAs on Vanuatu Fiji

village land tenure and territory

Socio-econ. value Lit. review Assessment value MPA | Assessment value

MPA

Moddling/EIS
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Modelling of the spatio-temporal
dynamics of watersheds and

environment-soci ety interactions

Flow modelling
between watersheds

and coasta zones

Modelling of flows and
interactions between the

environment and society

idem

Prototype EIS/GIS distributed

Andysis of
communication

context on research

Production of EIS

Production of EIS

sites
Water shed dynamicsand
modelling
Data collecting and data base All the sites All the sites
buiilding
Country and island diagnostic All the sites All the sites All the sites
Modelling New Caledonia French Polynesia French Polynesia
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8. Expected outputs

The main output of this study will be amethodological quide for an I ntegr ated water shed/coastal zone reef

approach to properly manage the Pacific id ands environment.

Each work package will get also its own outputs.

atial roach

End of Year 1: Remote sensing data collection, first treatments (radiomectric and geometric corrections,

ground truthing data analysis)
End of Year 2: General map of watersheds and reef coastal zone for the French Polynesia site,
Genera map of watersheds and reef coastd zone for the Fiji site,

Map of Vulnerabilities for the French Polynesia site,

End of Year 3: Map of vulnerahilitiesfor the Fiji site
Incorporation of datainto the EIS

Integrated management of territories: territoriality and socio-economic values

End of Year 1: - Report on the literature review about the role of land strategies in the logic of stakeholders
in the resource management and development areasin rural settings,
- Report on the literature review about the economic and socia role of MPAs and its

assessment,

Endof Year 2: - Report on the analysis of territorial customary systems and the description of village
communities and the consequences of the establishment of MPAs on local land tenure and

village territories on the Vanuatu site,

End of Year 3: - Report on the analysis of territorial customary systems and the socio-economic description
of village communities on the Fiji and French Polynesia sites
- Report on the assessment of social and economic values of MPAs on Vanuatu sites,
- Incorporation of data collected into the EIS,
- Recommendations on MPA management, their integration into village territoriality and the

economic development that can be introduced around MPASs.
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Environmental information system and modelling

End of Year 1: - report on the specifications for an information system appropriate for the expected uses.

End of Year 2: - report on the art of spatidising information and knowledge about interactions in an
ecosystem.

End of Year 3: - prototype information system incorporating modeling of human activities in the watershed

on the MPA and aids for coordination and decision-making.

Dynamics and hydrological modelling of watersheds

End of Year 2: - report on the available hydrologica dataquality.

- report on ahydrological diagnostic for the idands studied and research watersheds studied.
End of Year 3: - report on the hydrological modelling of the watersheds studied,

- incorporation of the models obtained with the EIS of workpackage 3.



