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Forests all over the world play an essential role as a habitat for the many plants and 
animals they protect from human activity. In addition to its biodiversity impact, 
the loss of forest cover is leading to a loss of the ecosystem services enjoyed by 
communities. Other effects include increased surface run-off, erosion and greater 
flood damage, while lower infiltration reduces water tables in the dry season and 
sediment transported into watercourses damages water-supply facilities and 
diminishes water quality for communities and aquatic life.

This is why the local WWF France branch in New Caledonia, established in 
2001, has chosen to highlight the issue in order to emphasise how urgent it is to 
protect and restore forests in the South Pacific region. These island groups are 
often remote and depend heavily on their own agricultural produce to meet their 
main food needs. The Freshwater under Threat – Pacific Islands (UNEP, 2011) 
report highlights, however, that, against a backdrop of climate change, the islands’ 
dependence on natural rainfall would jeopardise both their economies and basic 
subsistence resources. It cites water management as one of the greatest challenges 
for dealing with the resource’s vulnerability. Climate models predict that extreme 
events like droughts and cyclones will increase and small island countries and 
territories will need to safeguard their water resources, as, being islands, they will 
be unable to resort to alternative supplies or solutions that rely on neighbouring 
countries’ resources. 

As such, the countries’ development sustainability depends on maintaining or 
restoring forests upstream from drainage basins that provide these key services, but 
little has been done to monitor forest health in terms of this specific water-resource 
protection role and optimising management. Committing to do so, however, which 
can be costly and labour-intensive in terms of practices and management, needs 
to be based on a sound understanding of the issues and challenges by decision-
makers and communities.

The project’s objective is, therefore, to assess forest functionality in drainage 
basins upstream from abstraction points so as to provide information for use by 
decision-makers and managers to safeguard water resources through the “green 
infrastructure” provided by forests. The method that has been developed uses freely 
available geospatial data for producing affordable baseline studies and then setting 
up large-scale long-term monitoring. It also provides a clear indication of health 
status using colour coding to represent and rank the functionality of drainage 
basins and provide guidance for the priority management measures to be adopted.

WWF France partnered with Bluecham, a company specialised in spatial technology 
and information development, to design a completely automated tool for assessing 
large areas quickly. The project was also submitted to a World Bank Innovation 
Fund call for projects and awarded a prize in 2018. The study was then repeated 
based on current data in New Caledonia, Vanuatu and Wallis & Futuna.

PRESENTATION OF THE CHALLENGES AND ISSUES 

AGAINST A 
BACKDROP OF 
CLIMATE CHANGE, 
THE ISLANDS’ 
DEPENDENCE ON 
NATURAL RAINFALL 
WOULD JEOPARDISE 
BOTH THEIR 
ECONOMIES AND 
BASIC SUBSISTENCE 
RESOURCES.

THE COUNTRIES’ 
DEVELOPMENT 
SUSTAINABILITY 
DEPENDS ON 
MAINTAINING OR 
RESTORING FORESTS 
UPSTREAM FROM 
DRAINAGE BASINS 
THAT PROVIDE 
THESE KEY 
SERVICES



 



Vegetation loss increases surface runoff and the resulting erosion accumulates as 
gravel in dams, reducing the volume of available water in riverbeds and causing 
watercourses to break their banks more often. In the most dramatic instances, 
destructive landslides and earth flow can also ensue.

Forests play a dual water collection role by enabling infiltration and so recharging 
aquifers as well as protecting the soil from drying by providing shade and 
protection from wind, thereby controlling water-evaporation in the soil’s surface 
layers. 

Forests also help preserve water quality. Upstream from collection areas, at the 
human activity interface, riparian woodlands act as a filter preventing pollution 
from reaching watercourses. Further downstream, when collection water is 
sediment-free, it not only shields communities from heavy metals and other 
naturally occurring substances in the soil, but also improves chlorine treatment, 
which is often used to prevent pathogen hazards. Pathogens react with certain 
sediments, which not only diminish chlorine’s effectiveness, but also produce 
trihalomethanes, which are confirmed carcinogens!

Forest loss has an indirect impact on activity that is sometimes very far 
downstream. Sediment carried by rainfall runoff is deposited in mangroves, 
seagrass and coral reefs, choking these first links in the food chain that coastal 
communities depend on. Then during the dry season, stream-water levels fall or 
even dry up as a result of the lack of rainfall infiltration, preventing fresh water 
from holding off seawater from the coastal plains. This saltwater can then inflict 
lasting damage to soil, particularly farmland.

SERVICES PROVIDED BY FORESTS

PHYSICAL SAFETY OF PERSONS AND PROPERTY

 WATER RESOURCES

HEALTH SECURITY

INDIRECT CONSEQUENCES



In addition to these challenges, there is also the issue 
of service sustainability. While a forest might provide 
such services to communities at the moment, will it 
still do so in five or ten years or in a century’s time ?

Forests are highly resilient ecosystems that can overcome 
destructive events such as cyclones, fires and landslides, 
which wipe out everything in their paths. The more diverse 
and balanced the ecosystem, the greater their resilience.

The balance can, however, be quickly compromised by 
natural phenomena or human-generated causes like fires. 

They “enter” woodlands through forest borderland, 
the interface between the heart of forests and 
areas modified by humans. Sprawling forests are 
therefore more fragile than large contiguous forests. 

FRAGMENTATION AND RESILIENCE

IN 5,
10 YEARS,
A CENTURY TIME ? 

IS THE DISTANCE OVER WHICH FOREST-BORDERLAND 
EFFECTS CAN BE SEEN IN A FOREST.

Humidity, light, species diversity, 
pathogens and invasive species can 
all easily increase at the borderland 
surrounding and protecting the 
heart of the forest.

In this project, forest fragmentation 
in drainage basins was factored in 
to reflect forest resilience and thus 
service sustainability.

50 to 300m

SERVICES SUSTAINABILITY

FORESTS ARE HIGHLY 
RESILIENT ECOSYSTEMS 
THAT CAN OVERCOME 
DESTRUCTIVE EVENTS 

THE MORE DIVERSE 
AND BALANCED THE 
ECOSYSTEM, THE 
GREATER THEIR 
RESILIENCE.

WICH SERVICES PROVIDED







Forest management was once a time-consuming pursuit, due to the large areas covered, but has now been 
facilitated by satellite imagery and new technology that acquires and processes very large-scale data.

The assessment method is based on three factors calculated at drainage-basin level and combined through 
a decision tree so that the functionality of the vegetation located upstream from collection points can be 
defined. 

High to extreme
Erosion risk

Landscape 
tendency  3

Moderate to high
Erosion Risk

Landscape 
tendency  2

Landscape 
tendency 1

Highly Deteriorated Deteriorated Slightly deteriorated

Moderate to 
high Forest 

fragmentation

Low to 
moderate Forest 

fragmentation

High to very 
high Forest 

fragmentation

ASSESSMENT AND METHOD RELEVANCE

AND

OR

Landscape 
tendency  2

Landscape 
tendency 1

Low to Moderate
Erosion Risk

To make the assessment user-friendly for managers, it was automated as much as possible. All 
that is needed to assess a drainage basin is the input co-ordinates of an abstraction point. The data 
required for the assessment, such as topography, rainfall and satellite images are automatically 
collected and processed to provide the information needed to calculate the various factors.
All processing occurs on a cloud, saving time and making the process available from any country. 

Legend

1. Landscape dominated by forest and tree formations
2. Landscape composed by a mosaic of vegetation dominated by shrub or herbaceous formations
3. Landscape dominated by open landscapes including large bare soils and sparse vegetation

3.

2. 1. 2. 1.

INDICATORS AND DECISION TREE
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AND



While this method is an easy way of assessing 
large forests, its evaluation of forest health is 
hampered by the fact that satellite imagery can 
only determine vegetation’s highest layer. Yet 
forest undergrowth’s health (shrubs, saplings, 
herbaceous plants and floor litter) is as important 
to protect water and grounds.

Furthermore, the location of forest remnants in 
drainage basins, e.g. on riverbanks or in high-
erosion areas, may also contribute, however 
unequally, to maintaining water quality, but is 
not considered by this method.

Overcoming these shortcomings is part the 
improvement prospects. One of the model’s 
advantages is that it is upgradeable. Greater 
accuracy, fresh information and new criteria 
can gradually be added to it as new technology 
develops and further assessments can be devised.

THE METHOD'S TECHOLOGICAL ADVANTAGES
ASSESSMENT AND METHOD RELEVANCE

FREE SATELLITE IMAGES AND PUBLIC-DOMAIN 
CLIMATOLOGY AND TOPOGRAPHY DATA OBTAINED FROM 
GLOBAL PROGRAMMES

to ensure continuity in data acquisition 
for the coming 30 to 40 years using the 
Landsat-8 satellite launched in 2013 
with a 10-year minimum estimated 
lifespan and Landsat-9 that is already 
in the pipeline to replace it, which 
guarantees long-term monitoring.

DEVELOPING ARTIFICIAL INTELLIGENCE TO SPEED UP AND 
REPRODUCE THE PROCESS AND DIRECT LARGE-SCALE 
PROCESSING IN THE CLOUD-STORAGE SYSTEM 

AUTOMATING THE ENTIRE PROCESS

THE ASSESSMENT RESULTS PROVIDE AN 
OVERVIEW OF CATCHMENT-AREA IMPAIRMENT 
IN MAJOR ADMINISTRATIVE DIVISIONS, SUCH 
AS MUNICIPALITIES, PROVINCES OR COUNTRIES 
AND HELP PRIORITISE THE NECESSARY ACTION 
TO IMPLEMENT IN ORDER TO PRESERVE WATER 
RESOURCE

which reduces costs and significantly 
accelerates the processes that facilitate 
scale changes and low-cost deployment 
in other countries.

to facilitate handling by managers

4

i.e. Landsat-8, Sentinel-2 and World 
Climate Rainfall Data in order to to carry 
out a large-scale uniform assessment 
suitable for defining management policy 
for a whole territory

1

2 
THE CO-OPERATION PROGRAMME BETWEEN NASA AND 
THE EUROPEAN SPACE AGENCY 
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THE ASSESSMENT WAS CARRIED OUT 
ON THE SCALE OF DRAINAGE BASINS 
UPSTREAM FROM ABSTRACTION 
POINTS. DEPENDING ON THE COUNTRY, 
SEVERAL DATA SOURCES CAN 
DELINEATE THESE ZONES.

PERIMETERS FOR THE
PROTECTION OF 

REGULATED
WATER

DRAINAGE BASINS 
MODELLED BY

THE APPROPRIATE 
AUTHORITIES

AUTOMATIC 
DELIMITATION FROM AN

ABSTRACTION POINT

Spaces regulationally delineated by 
the appropriate authorities, often 

including the entire upstream basin 
to preserve the water resource. 
The same perimeter can include 

several abstraction points or even 
boreholes

Some countries delineate
drainage basins upstream
from abstraction points as

part of their mission even if
they don’t have any

regulatory value

An automatic delineation tool
based on analysis of the land

topography has been developed
as part of this project to compensate 
for the lack of official delineation in 

the drainage basins of certain
abstraction points.

In Vanuatu, all drainage basins are 
marked by this tool.

STUDY ZONE BOUNDARIES
VARIABLE SOURCES DEPENDING ON THE COUNTRY



THE 270 000 POPULATION
LIVES IN THREE PROVINCES SPANNING A TOTAL OF 18 575 KM²,

FUNCTIONALITY REGULATED DRAINAGE 
BASINS

NON-REGULATED DRAINAGE 
BASINS

SURFACE AREA 
(KM²)

Heavily degraded 3 206 km² (80%) 143 km² (29%) 3 349 (75%)

Degraded 568 km² (14%) 304 km² (62%) 872 (19%)

Slightly degraded 223 km² (6%) 46 km² (9%) 269 (6%)

Total 3 997 km² 493 km² 4 490 km²

Based on this 3-sources compilation, forest 
functionality spanning 4490 km² of the mainland 
and outer islands’ (Belep and Pines Island) 16,595 
km² was assessed

89% of this area is statutorily delineated by New-
Caledonia authorities. 

A larger proportion of the non-compliant drainage 
basins was in better health, highlighting the 
importance of rendering them compliant as soon as 
possible to ensure their functionality is maintained. 

A detailed examination of the indicators for 
classifying the drainage basins in the various health 
categories helped to define the required action 
at drainage-basin level more specifically in order 
to enhance the quality of the ecosystem services 
provided.

For example: the high-to-extreme hazard alone 
explained the heavily impaired functionality of 
over 70% of drainage basins and so it would appear 
that erosion-control measures would be key in any 
attempt to improve drainage-basin functionality. 

RESULTS AND PROSPECTS 
ZOOM IN NEW-CALEDONIA

NEW-CALEDONIA'S RESULTS

75%
Heavily degraded19%

Degraded

6%
Slightly degraded

HOWEVER, MORE THAN 
80% OF THE REGULATIVELY 
PROTECTED SURFACE  
IS DEGRADED OR EVEN 
HEAVILY DEGRADED 
VERSUS ONLY 29% OF 
SURFACES CURRENTLY 
NON-REGULATED

THE DIAGNOSIS HIGHLIGHTS THE
IMPORTANCE OF THE NEED 
TO QUICKLY PROTECT THESE 
DRAINAGE BASINS TO ENSURE THE 
CONSERVATION OF THE SERVICES 
THEY PROVIDE TO THE PEOPLE.

but the Loyalty Islands were excluded (18,117 
population on 1981 km²), because their water 
supply came from very distinctive boreholes into 
underground water lenses rather than catchments. 



RESULTS ET PROSPECTS

ABSTRACTION POINTS IN FIELDS HEAVILY 
DEGRADED DEGRADED SLIGHTLY 

DEGRADED UNDEFINED

Wells 251
Water drawn from aquifers 287
Boreholes 382
SUPERFICIAL ABSTRACTION POINTS 
Piped water supply from springs 346 86 148 108 4
Piped water supply from 
surface water 106 10 28 61 6
Spring 210 65 71 63 11
Surface water (pond, stream, 
lake or river) 94 19 39 34 2

ZOOM IN VANUATU

The whole assessment covered nearly 1230 km², i.e. 10% 
of the 12,200km² country, but unlike New Caledonia and 
Futuna, it was difficult to assess the surface area affected 
by the various degradation levels for the whole country, 
because multiple drainage basins were superimposed 
due to the series of abstraction points along the same 
watercourses. The results are therefore presented based 
on the number of points in each level of degradation.

VANUATU'S RESULTS

It contains all the population’s water-supply sources, 
including rainwater tanks and private wells, totalling 
nearly 5000 sources. While rainwater tanks and mobile 
water-supply tanks were systematically excluded, there 
were still 1660 abstraction points left over. 

The assessment covered the 1660 points, but the surface-
water abstraction-point sub-category, which was the most 
relevant to the parameters developed for this study, was 
extracted for analysis. 

62% OF ABSTRACTION 
POINTS ARE TIED TO 
DEGRADED OR HEAVILY 
DEGRADED DRAINAGE 
BASINS.

IT WAS DIFFICULT TO ASSESS THE 
SURFACE AREA AFFECTED BY THE 
VARIOUS DEGRADATION LEVELS FOR 
THE WHOLE COUNTRY, BECAUSE 
MULTIPLE DRAINAGE BASINS WERE 
SUPERIMPOSED DUE TO THE SERIES 
OF ABSTRACTION POINTS ALONG 
THE SAME WATERCOURSES.

3%
Undefined

24%
Heavily degraded

35%
Slightly degraded

38%
Degraded

VANUATU HAS A VERY COMPREHENSIVE DATABASE ON ITS POPULATION’S WATER 
RESOURCES ;



RESULTS ET PROSPECTS
ZOOM IN FUTUNA

FUTUNA'S RESULTS

50% of them were slightly impaired and only two heavily 
impaired. In surface-area terms, they were fairly evenly 
distributed across the classes, though the “slightly 
degraded” basins were smaller than the rest (34% of the 
global area). 

The basin deemed degraded had a moderate erosion 
hazard, but was “saved” by its extensive forest cover. The 
island was, nevertheless, found to have an undergrowth 
depletion issue due to wandering wild pigs.  While the 
assessment provided an initial indication of the required 
priority management measures, more in-depth research 
into the state of the undergrowth will pave the way for 
more effective water-resource protection initiatives.

i.e. barely a quarter of the island group’s total population. 
Six abstraction points currently operate in Futuna, each in 
a distinctly separate drainage basin. Together they cover 
4.17 km², i.e. 9% of the entire island. 

3225 PEOPLE
LIVE IN FUTUNA  (2018 FIGURES),

DEGRADATION INDUCED 
BY EROSION HAZARDS 
IS MODERATED BY 
THE HEAVY FOREST 
COVERAGE OF THE 
DRAINAGE BASINS, 
ALLOWING IT TO BE 
CONSIDERED AS JUST 
"DEGRADED" .

THE ISLAND WAS, 
NEVERTHELESS, FOUND TO 
HAVE AN UNDERGROWTH 
DEPLETION ISSUE DUE TO 
WANDERING WILD PIGS.  
WHILE THE ASSESSMENT 
PROVIDED AN INITIAL 
INDICATION OF THE REQUIRED 
PRIORITY MANAGEMENT 
MEASURES, MORE IN-DEPTH 
RESEARCH INTO THE STATE 
OF THE UNDERGROWTH WILL 
PAVE THE WAY FOR MORE 
EFFECTIVE WATER-RESOURCE 
PROTECTION INITIATIVES.

34%
Slightly degraded

31%
Heavily degraded

35%
Degraded

Figure

Map showing the functionality 
of drainage basins on the 
island of Futuna



PROJECT PROSPECTS
AN ASSESSMENT AND MONITORING TOOL FOR ALL LEVELS 

This assessment method, which relies on Qëhnelö™, 
provides country-level forest-health indicators and helps 
to identify measures to be taken within a municipality or 
even a specific drainage basin more precisely. 

The assessment also addresses forest dynamics by including 
the sustainability issue and the importance of maintaining 
ecosystem “support” services. Studies regularly highlight 
the important role played in disturbance resilience by the 
biodiversity contained in forests. By taking fragmentation 
into account, both forest fragility during disturbances and 
intrinsic biodiversity, which is synonymous with resilience, 
can be assessed.

However, as mentioned above, its evaluation of forest 
health is hampered by the fact that satellite imagery can 
only determine vegetation’s highest layer.

A forest is only considered “whole” if all the vegetation 
strata are present. Forest undergrowth (shrubs, saplings, 
herbaceous plants and floor litter) not only plays a 
functional role by cushioning the impact of drops and 
slowing down run-off, but also contains young saplings 
that are tomorrow’s forest and so is a strong indicator of 
current forests’ sustainability. It could not, however, be 
incorporated in the methodology.

DELINEATING EXISTING 
WATER CATCHMENT 

BOUNDARIES

ASSESSING THE 
POTENTIAL FOR NEW 

CATCHMENTS

MONITORING PROGRESS 
IN WATER AND 

DRAINAGE-BASIN 
MANAGEMENT

Studies quantifying plant density 
below the canopy, such as ESA’s 
Biomass mission slated for 2023, 
will provide a means of including this 
factor in the method in order to make 
forest-functionality assessments more 
accurate.

A MORE ACCURATE 
EVALUATION IN 
2023

HOSTED IN THE CLOUD, THE 
METHOD AND THE DATA 
ACQUIRED ARE ADAPTED TO 
DIFFERENT USES AIMING AT 
OPTIMIZING THE DEVELOPMENT 
AND THE DEVELOPMENT OF THE 
TERRITORIES WITH REGARD TO 
THE PRESERVATION OF THE WATER 
RESOURCE.



ASSESSMENT TOWARDS IMPROVED MANAGEMENT 

Forest preservation should be seen as an 
opportunity to add value to or increase natural 
capital as the « green infrastructure » needed 
for the development, security and well-being 
of communities and not as a burden for the 
government. 

WHEREVER FORESTS ARE HEALTHY,
ecosystem-service payment policies could, 
therefore, be envisioned and responsible 
activities acknowledged as « helping to protect 
water resources », etc.

TO REDUCE FOREST 
FRAGMENTATION 

AND INCREASE THEIR 
RESILIENCE 

TO REVEGETATE BARE 
FLOORS AND FIGHT 

EFFECTIVELY AGAINST 
EROSIVE PHENOMENA 

This diagnosis helps managers to choose the most important measures to implement. Protection is 
systematically necessary to ensure the maintenance of a good forest condition or the success of the 
operations undertaken, but restoration actions can be specified by analyzing the various parameters 
calculated :

RECONNECTION RESTORATION PROTECTION SUSTAINABLE 
DEVELOPMENT

TO FAVOR THE
 «PASSIVE RESTORATION» 

ALLOWING THE 
VEGETATION TO BE 
MAINTAINED OR TO 

BECOME A FOREST AGAIN 

TO PROMOTE 
ACTIVITIES THAT 

RESPECT THE 
SERVICES PROVIDED 
BY FORESTS SUCH AS 

ORGANIC FARMING, 
AGROFORESTRY, 
OR RESPONSIBLE 

FORESTRY

extensive restoration can be undertaken by 
drawing on funds for restoring depleted soil, 
reforestation and carbon storage.  This often 
requires major investments, but would be 
cost-effective in the long run because of the 
direct and indirect benefits and services it 
would recover. 

AN OPPORTUNITY 
TO ADD VALUE TO OR 
INCREASE NATURAL 
CAPITAL AS THE «GREEN 
INFRASTRUCTURE»

WHEREVER FORESTS ARE DEGRADED,



This assessment underlines the pivotal role played by forests in preserving water resources and provides 
guidance for facilitating and enhancing management. Forests are not a land-use planning constraint, but 
rather genuine natural capital that communities need to reconnect with in a mutually beneficial relationship 
in order to sustainably maintain the asset for future generations. 

This method can be used in other island countries with high islands and drainage basins, such as Papua 
New Guinea, the Solomon Islands and Samoa, as well as on Indian Ocean islands. It is currently being 
extended to drainage basins in the Fiji Islands.

But, as intended, it cannot be carried out on lower islands, where the resource of water is drawn from 
underground water lens and the issues and roles of forests are very differents. The indicators of fragmentation 
or landscape patterns can hold certain interests. On the other hand, the erosion criterion is not relevant. 
Things such as water flow parameters, porousness, pollutant infiltration and the rise in sea level would be 
more meaningful.

This assessment aims at providing decision-makers with an early-warning and advocacy tool in an attemp 
to improve management of this green infrastructure that forests represent in terms of water resource 
preservation. At a time of worldwide climate crisis, communities have everything to gain by investing 
in nature-based solutions in order to protect their livelihoods. This tool has been made available to the 
scientific community with a view to pursuing ongoing improvement. It has also been made available to 
government agencies, who are requested to take ownership of them so as to devise concrete measures on 
the ground for the good of forests and Mankind. 

CONCLUSION
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The New-Caledonia  office 
in numbers 

3 
partner territories 
included in the forest 
assessment project

+ than 600
volunteers involved in New-
Caledonia

2001 
opening year of the WWF 
France New-Caledonia office
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