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The Transboundary Diagnostic Analysis recommended by the Global Envi-
ronment Fund has been applied to the transboundary groundwater of the 
Iullemeden Aquifer System shared by Mali, Niger and Nigeria. The Trans-
boundary Diagnostic Analysis is a scientific and technical fact-finding ana-
lysis based on technical and scientific information available and verified, to 
examine the state of the environment and the causes of its degradation, 
focusing on transboundary problems without ignoring national concerns 
and priorities.

Three major transboundary risks were identified: (1) reducing the availa-
bility of the water resource, (2) degradation of water quality, and (3) the 
impacts of climate variability/change. This required the development of a 
database with more than 17000 water points, a Geographic Information 
System and a mathematical model. This model has among other things, 
highlighted the overexploitation of the resource since 1995 and the inter-
connection between the Niger River and the aquifers. The immediate, root 
and underlying causes (including the governance of water) of these risks 
were analyzed. 

The Transboundary Diagnostic Analysis is a participatory approach invol-
ving all stakeholders concerned with the issue. To this end, it contributes to 
strengthen solidarity and confidence between them.
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IntroductionI.	

The Iullemeden Aquifer System consists of a number of sedi-
mentary deposits containing two large aquifers: the creta-
ceous Continental intercalaire (Ci) in the bottom, overcome 
by the tertiary Continental Terminal (CT). It is shared by Mali, 
Niger and Nigeria and covers a total area of approximately 
500.000 km². It is crossed by part of the Niger River hydro-
graphic network. The Iullemeden Aquifer System constitutes 
a strategic resource for the sustainable development of the 
concerned countries. However, it is:

exposed to a fragile and constraining environment:•	  1) 
lower rainfall of about 20 to 30% since 1968; 2) reduc-
tion of the runoff of  about 20 to 50% with sometimes 
severe low water levels moving to stop; 3) silting and es-
tablishment of sand dunes in the aquifer’s areas recharge 
and in the Niger river hydrographic network;

facing several constraints in particular: •	 1) difficulties of 
accessing groundwaters by places because of high depth 
(more than 600 meters); 2) degradation of water qual-
ity (pollution, withdrawing high mineralised deep waters); 
3) shortcomings in shared groundwater management 
among riparian countries;

subjected to: •	 1) increasing water demand linked to popula-
tion growth (about 6 million inhabitants in 1970, 15 million 
in 2000 and a projected 30 million inhabitants in 2025); 
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2) an exponential rise in abstractions which went from 50 
million m3 in 1970 to 180 million m3 in 2004.

To identify, analyze and assess risks which affect groundwater 
of the Iullemeden Aquifer System, the Transboundary Diagnos-
tic Analysis/Strategic Action Program (TDA/SAP) GEF Inter-
national Waters approach has been adapted and applied. It is 
important to remember that this is the first application of this 
approach on transboundary aquifers in Africa, and the second 
in the world after the Guarani Aquifer System in Latin America 
(shared by Argentina, Brazil, Paraguay and Uruguay).
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International WatersII.	

In order to distinguish between the GEF concept of « In-
ternational Waters » and the legal definition of the United 
Nations law on the "Seas Convention"1 the GEF operation-

al strategy focuses on 
"Transboundary" water 
resources and empha-
sises the management 
of pollution and water re-
sources based on a bina-
tional and multinational 
stakeholders’ participa-
tory process2.

On the other hand, most 
of the international waters 
projects, financed by GEF, 
relate to environmental 
water problems which 
extend beyond any single 

country and, therefore, have a Transboundary character. The 
areas concerned are: marine waters, lakes, rivers, wetlands 

1	 Under UNCLOS III, the high seas (or international waters) apply to all 
parts of the sea which are not included in the exclusive economic zone, of 
the territorial waters or inland waters of a State or of the archipelago wa-
ters of a archipelago State.
2	����������������������������������������������������������������������� The stakeholders are the parties involved or affected by an environmen-
tal problem or by its solution.

Examples of Transboundary WatersFigure 1 : 
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and aquifers  (figure 1).

Each problem of management of international waters can jus-
tify the achievement of the desirable environmental objectives 
based on a International Waters project. One component of a 
International Waters project is the TDA/SAP process3.

Three key principles are prevalent in the whole of the process:

consultation•	 4 the persons affected by the problem (they 
are the stakeholders);

adaptive management•	 5, follow-up, adjustment and revision 
as work progresses;

gradual involvement of the waters responsible of the action. •	

3	 UNEP. The GEF IW TDA/SAP Process: Notes on a Proposed Best Prac-
tices Approach.
4	 By including a clear representation of the stakeholders at all stages, 
consensus building will be more likely and will increase the likelihood of 
ownership by the stakeholders of the result which will, therefore, have long-
term viability.
5	 Adaptive management is a process by which the long term environmen-
tal goals are reached in a series of pragmatic action measures. Within each 
measure, agreed performance indicators are controlled and an exercise of 
joint planning is initiated to review progress and to adjust the approaches 
as required, as well as to plan the next stage.
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Development of the Trans-III.	
boundary Diagnostic Analysis

The Transboundary Diagnostic Analysis is an objective evalu-
ation, an analytical study of the scientific and technical facts, 
which serves to determine the relative importance of the 
sources, the causes and their impacts on Transboundary is-
sues in matter of water. In other words, the Transboundary 
Diagnostic Analysis uses the best technical and scientific in-
formation, both available and validated, to examine the state 
of the environment and the underlying causes of its degrada-
tion. It must be an objective evaluation and not a negotiated 
document.

The analysis is conducted in a cross-sector way, while focusing 
on Transboundary issues, and without losing sight of national 
concerns and priorities. So that the analysis would be more 
effective and sustainable, it must include a detailed analysis 
of governance, which examines local, legislative and political 
environment. 

The process of the Transboundary Diagnostic Analysis makes 
it possible to break down complex Transboundary situations 
into smaller components, which are more manageable within 
the framework of the actions to be conducted, such as degra-
dation specific sub-zones or priority "hot spots".

The TDA is a scientific and technical process of study of 
the facts (or of diagnosis) of the state of, and threats to,  
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international waters. Its objective is to:

identify, quantify and prioritise the environmental problems •	
of a Transboundary character; 

identify their immediate, major and underlying causes.•	

The identification of the causes comprises: the practices, 
sources, sites and sectors of human activity from which envi-
ronmental degradation originates or represents a risk. 

The stages involved in the TDA development process are  
(figure 2):

Preparation of the TDA;•	

Analysis of the impacts and consequences of each Trans-•	
boundary problem;

Final prioritisation of the Transboundary problems;•	

Analysis of cause/effect chains and analysis of governance;•	

Production and submission of the complete draft TDA;•	

The TDA is adopted by the Steering Committee.•	

Throughout the world, Transboundary Diagnostic Analysis 
has very often been applied to the first four surface areas, i.e. 
rivers (basins), lakes, wetlands and marine water1. 

The first aquifer system that benefited from the GEF TDA/
SAP approach of the Guarani Aquifer System (GAS) shared by 
Argentina, Brazil, Paraguay and Uruguay. However, the SAG 
is not yet known within its natural limits to better understand 
the dynamics of groundwater flows well as tools for managing 
the resource has been developed. Iullemeden Aquifer System 

1	 http://www.iwlearn.net/ftp/iwps.pdf
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represents the first case, at least on the African continent, 
where Transboundary Diagnostic Analysis is developed.
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Identification and "prioritisation" III.1.	
of transboundary issues

The National Committees carried out the Transboundary  
Diagnostic Analysis (TDA) for Coordination and Monitoring of 
Project Activities (CNCS), as well as by national consultations, 
based on the information and data existing and available. The 
CNCS, which is set up in each of the countries, is multidis-
ciplinary; comprises both governmental institutions (Minis-
tries of Water, the Environment, Agriculture, Stockbreeding,  
Foreign Affairs (with regard to Transboundary legal aspects), 
and Water Utilities), and non governmental organizations with 
an interest in Water issues. 

The activities of the CNCS were carried out under the form 
of discussion sessions in their periodic meetings intended 
to identify the risks to the SAI water resources, as well as 
to examine the investigations carried out by the national  
consultants. Besides, national workshops dedicated to the 
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Transboundary Diagnostic Analysis (TDA) were organized to 
validate these Transboundary risks. Thus, 14 risks were iden-
tified in Mali, 08 in Niger and 24 in Nigeria.

The reports on the proceedings of these meetings have 
highlighted the richness of the data available in the fields of 
surface water, groundwater, geology and climatology. These  
reports are also informative about the existence of a national 
database, studies and projects conducted, and aquifer mod-
els developed, which are likely to be of relevance to the SAI.

The Transboundary risks which represent a threat to water 
resources, as analysed by the CNCS and national consultant, 
and in view of the investigations conducted by the OSS team, 
are summarised hereunder.

Impact of Climate Variability and ChangeIII.1.1.	

It has been noted that, for the whole zone, there was a wet 
period extending from the beginning of the 20th century up to 
the year 1967 and that there has been a dry period running 
from 1968 to date. The rainfall deficit has translated into a 
decrease in rainfall by about 20% to 50%, inducing, on the 
one hand, a shift of the isohyets by about 200 km towards 
the south and, on the other hand, a decrease in the flows of  
Niger River ranging from 20% (Mali) to 36% (Niger), as well 
as a decrease in aquifer recharge by the hydrographic net-
work and useful rain. 

This shift has resulted in accelerated degradation of  
farmland, as well as the migration of the population to, and con-
centration in, the wetlands in the South, thus exacerbating the  
deforestation phenomenon.
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DeforestationIII.1.2.	

Wood cutting for energy production is a job -and income-  
generating activity. It produces 270  879 steres (that is, 
37 095 quintals of charcoal) in Mali, and 827 442 tons of 
wood in Niger. Estimates for Nigeria are not available. This 
wood and charcoal production induces, on annual average, a 
land loss of 100 000 ha in Mali, and of 338 180 ha in Niger. 

Land loss exacerbates wind and water erosion which con-
tributes in the sanding up of the water network (Niger River, 
ponds). Sanding up tends to reduce aquifer recharge by useful 
rain, as well as affects the recharge of the water network by 
blocking off the recharge areas. Moreover, silting of the river-
beds does induce, by occupying the place of flow water in the 
Niger riverbed, frequent floods for normal flows.

Exploitation of Water ResourcesIII.1.3.	

Table 1 presents the abstractions from water resources to 
meet water needs concerning all tapping structures.

In spite of the irrigable land potential (390 000 ha in Mali, 226 
600 ha in Niger and 42 272 ha in Nigeria) and of the land irri-
gated (26 030 ha in Mali, 13 500 ha in Niger and 27 230 ha 
in Nigeria) by River water and/or drillings or wells, there are 
no estimates available on the abstracted volumes. Yet, this 
activity is one of the largest water-consuming activities.

Decline of ArtesianismIII.1.4.	

This phenomenon has been reported on artesian drillings tap-
ping the Continental intercalaire in Mali and Niger, and/or the 
Continental Terminal in Niger. These flowing drillings had re-
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mained open since their date of construction, thus sometimes 
creating ponds in their immediate vicinity. The flows have de-
creased since then, but they are not monitored to appreciate 
the decrease of artesianism and to seek to identify the causes 
(natural decrease or sign of overexploitation?).

Water PollutionIII.1.5.	

A significant part of the pollutants disposed of in the wild (agri-
cultural waste) ends up in Niger River, either directly or by run-
off. Irrigated crops are practised especially based on water 
from the Niger which feeds the aquifer in period of high wa-
ters. This income-generating activity uses chemical fertilisers 
and pesticides. These amount, on annual average (between 
2000 and 2002), to 10 000 tons of fertilisers (Urea, NPK 
15-15-15, Super triple, phosphates of Tahoua, DAP) in Niger.

In Mali, 200 tons of fertilisers, on average, end up every 
year in the Niger River or in the aquifers around Bamako. In 
1994, some 5 939 tons of urea and 4 055 tons of ammonia 
phosphate were applied to the 47 000 ha of irrigated land.

In Nigeria, over 15 million people and as many head of cattle 

Mali Niger Nigeria

Drinking water 
supply (million 
m3/year)

1.3 (mainly River 
water)

117.6 (of which 
14.3 River water for 

Niamey)

15.4 (1990)

32.3 (2020)

Stock-breeding 
(million m3/
year)

84 119,77 271,36

Industries, Mi-
nes (million m3/
year)

- 9,9 -

Water consumption as per socio-economic sectorTable 1 : 
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live in the Sokoto basin based on exploiting the aquifers by 
traditional wells that are not provided with a protection zone. 
High nitrate contents, with respect to normal, are frequently 
recorded in these exploitation structures.

Soil SalinisationIII.1.6.	

Soil degradation, by salinisation and alkalisation in Mali, af-
fects 7 to 15% of developed land which are in process of 
being abandoned. In Niger, the zones irrigated in the valleys 
along the River, in the Dallols and in the vicinity of ponds, are 
affected by salinisation due to improper drainage of wastewa-
ter, as well as by the phenomenon of evaporation.

Non Concerted Exploitation of Water ResourcesIII.1.7.	

In spite of the existing sub-regional structures, such as the NBA 
(Niger Basin Authority), ECOWAS (IWRM), CILSS (Permanent 
Inter-State Committee for Drought Control in the Sahel), the ALG 
(Liptako-Gourma Authority), there is no organization ensuring a 
monitoring of the exploitation of groundwater resources. Only 
NBA is provided with surface water monitoring network with 
has scientific tools to estimate in real time the flows of the River 
at a given station, but not the abstractions made from the River. 
On the other hand, aquifer monitoring networks remain each 
country’s self-imposed duty. These networks are not adapted for 
aquifer monitoring and evaluation, but were intended from the 
start to meet the water demand of the population.

In conclusion, Real risks are threatening, both in quality 
and in quantity, the groundwater (as well as the surface 
water) resources. However, these risks have been iden-
tified based on the database and the information derived 
from the documentation available. Their assessment 
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(Table 2) remains more of a qualitative nature, even 
though major studies have been conducted in the zone.

Final detailed Prioritisation of III.2.	
Transboundary issues

An analysis of the list of the risks identified by the countries 
(14 risks identified in Mali, 8 in Niger and 24 in Nigeria) is 
necessary in order to ascertain the following aspects in par-
ticular:

the Transboundary nature of the identified risk; •	

the scope of the risk with respect to national priorities •	
and regional and international conventions, as well as the 
various global initiatives; 

impacts of the risk on economy, the environment and hu-•	
man health; 

Type of risk Mali Niger Nigeria
Mean 
value

Climate change: floods, droughts H H H H

Deforestation H H H H

Exploitation of water resources L L L L

Uncontrolled decline of artesianism F H H H

Water pollution H H H H

Soil salinisation F F L F

Inadequate aquifer monitoring network H F H H

Non concerted exploitation of water 
resources

H H H H

Qualitative assessment of the risks to the SAI aquifers.Table 2 : 
H = High	    F = Fair     L = Low
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the benefits expected upon examination of the risk.•	

This analysis has thus revealed, among others, that certain 
risks are causes or consequences and/or impacts. Such is 
the case, for instance, of the decline of artesianism or the 
decrease in the piezometric level of the aquifers, both of which 
are consequences of the combined effects of water abstrac-
tions made and the impact of climate variability and change. 
The phenomenon of deforestation belongs in the causes of 
the climate change contributing in global warming. Aquifer 
pollution is a major risk. The exploitation of water resources is 
a cause of water reduction. The non-concerted exploitation of 
the common resource belongs in water governance, which is 
related to the legal and institutional systems of each country.

Other Transboundary risks related, above all, to the natural 
surface resources: loss of biological diversity. In the context 
of the study of groundwater resources, the loss of biological 
diversity may be considered as the consequence of several 
factors:

degradation of the medium due to human activities (defo-•	
restation, for example),

impact of climate change (recurring droughts),•	

generalized decrease of the level of the aquifers, inducing •	
an increase in the non saturated area, then the drying up 
of the areas of the plant roots, leading thus to aridity and 
then to desertification. 

In view of this second analysis, the Transboundary risks which 
may be regarded as major concerns common to the three 
countries and for which the efforts of a single country could 
not possibly find a correcting and lasting solution, are of three 
types:
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reduction in the water resources:1.	  This reduction may be 
due to the combined effects of gradual abstractions and 
of a reduction of the recharge of the aquifers because of 
climate change. This type of risk is characterized by the 
modification of the groundwater potential in terms of wa-
ter reduction or water scarcity. This reduction can be due 
to the combined effects 1) from the progressive water 
abstraction, and 2) the reduction of the recharge of the 
aquifers because of the reduction in rainfall.

The results of the mathematical modelling of the Iulleme-
den Aquifers System made it possible to quantify this risk: 
the overexploitation threshold was exceeded in 1995, the 
year from which abstraction (152 million m3/year) excee-
ded recharge which is estimated at 150 million m3/year 
in 1970 (red line on figure 3).

the water quality degradation:2.	  it was identified as the pol-
lution of the groundwater (shallow aquifer mainly) because 
of (1) the infiltration of waste water with chemical concen-
tration beyond the quality standards, and (2) the abstrac-
tion of (deep) groundwaters with high contamination (i.e. 
excess of fluoride) conducted by the geochemistry of the 
geological formation;

(impacts of) the variability and of the climate changes:3.	  
Climate risk is characterised by the random nature due 
to the occurrence of climate extreme (droughts, floods) 
over the next years and decades. Global climate models 
are further developed for surface water (including rain) 
than groundwater.

This kind of risk is characterized in particular by 1) the 
silting process in the hydrographic network of the Niger 
River which reduces the groundwater supply (exchanges 
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between River and groundwater) resulting from the Conti-
nental intercalaire (Ci) and the Continental Terminal (CT), 
supporting therefore frequent floods, 2) the establishment 
of sand dunes in the recharge areas and on land cover 
reducing the infiltration of rainwater in particular, 3) the 
destruction of the areas of hydraulic exchanges due to the 
migration of the population from arid zones of the wetland 
areas.

The overexploitation limit was exceeded in 1995 accor-Figure 3 : 
ding to the preliminary estimates. These are estimates based on 

the data provided by the countries. These data on abstractions 

are those resulting from the exploitation flows of the water point 

(drilling, well) at the date of its construction, and this, for four (4) 

hour duration of exploitation per day. These estimates remain to 

be corroborated by an exhaustive inventory of the real abstrac-

tions made from all the exploitation structures (water points).
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These three major risks t were analysed by using the Causal 
chain Analysis through their immediate causes, fundamental 
causes and roots causes. The root cause also integrates the 
water governance.
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Causal chain AnalysisIV.	

A causal chain is a series of statements that relate the  
causes of a given problem to its effects.  The causal chain is 
composed of three types of causes:

immediate causes:•	  or primary causes, are often the 
problem’s direct technical causes. They are, above all, 
tangible;

underlying causes: •	 they contribute in the immediate 
causes and include the uses and practices applied to the 
key resources, as well as the related social and economic 
causes;

root causes:•	  these are often related to the key aspects 
of macroeconomy, consumption patterns, environmen-
tal values, access to information, democratic processes,  
governance.

Accordingly, the three major Transboundary risks are  
examined based on these three types of causes (Table 3).

Causal chain analysis applied to the water resources of Table 3 : 
the Iullemeden Aquifer System (IAS)
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Immediate causes Major transboundary risks

Reduction of the rainfall•	

Reduction of the runoffs in the •	
Rivers

Reduction of recharge (filling •	
of the recharge areas due to 
silting, etc.)

Reduction of the recharge (filling •	
of the recharge areas due to 
silting, etc.)

Frequently droughts•	

Reduction of the water resource

Natural degradation controlled •	
by geology (mineral paragenesis: 
strong concentration fluorine-
Apatite, nitrates, etc.)

water quality degradation 

Increasing of greenhouse gases •	
in the Troposphere 

Impacts of variability & climate 
changes on groundwater
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Fundamental causes Root causes

Increase in water abstraction •	
(increase in the water points)

Increasing water demand (growing •	
population, activities in the social 
and economic sectors)

Reduction of the recharge because •	
of silting in   human activities the 
recharge areas– land use and land 
cover)

Shortcomings in consultation •	
among the riparian  countries 

Non-application of the laws and •	
rules

Shortcomings in water governance •	
and awareness

Decreasing livelihood•	

Pollution from various origins (do-•	
mestic, industrial, mining, livestock, 
all kinds of waste water)

Agricultural activities (manures, •	
pesticides)

Discharge of pollutants in the •	
rivers having hydraulic connection 
with the aquifers

Land uses and change in land use •	
systems

Non respect of the current laws •	
(Water code)

Shortcomings and lack of monito-•	
ring and assessing water quality

Inadequate water governance•	

Decreasing livelihood •	

Deforestation (production of •	
firewood)

Clearing areas for  agriculture and •	
other land uses

Migration of the populations from  •	
arid zones to wetland areas

Land uses and change in land use •	
systems

Shortcomings in awareness  at •	
national  and regional levels

Weakness or lack of commitment •	
of the countries to their financial 
contribution in the research stu-
dies for sustainable solution

Shortcoming and lack of applica-•	
tion of the results and outputs 
obtained  from several studies on 
the climatic risks
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Contribution of the TDA in V.	
the identification of hydrogeo-
logical risk

The Transboundary Diagnostic Analysis is based on technical 
and scientific information available and verified, to examine 
the state of the environment and causes its degradation by 
focusing on transboundary issues without ignoring national 
concerns and priorities.

In the area of transboundary groundwaters, the Trans-
boundary Diagnostic Analysis allows to identify and assess 
the transboundary risks in qualitative point of view. In fact, 
in most cases, the aquifer system shared by the riparian  
countries has never been studied at the regional level in  
order to understand first the groundwater flow patterns.

While the Transboundary Diagnostic Analysis offers flexibility 
in its concept, it is very easy to recognize that it was designed, 
preferably to the surface water resources domains including: 
marine waters, streams water (rivers), lakes, and wetlands, 
even though wetlands may result in some aquifer outlets (low 
artesian, resurgence).

Surface water resources are subject to regular monitoring 
of their characteristics since several decades which is not 
the case for the aquifers. Indeed, the field work for monitor-
ing the fluctuation of groundwater levels is made according 
to the current projects. Where available, these data allow to 
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build the common management tools (Database, Geographic  
Information System, mathematical model) which enhance the 
appetence of a concerted management between the national 
teams and to determine the risks.

The Transboundary Diagnostic Analysis is certainly an  
effective method to identify major transboundary issues  
(Table 4). However, its application and adaptation to trans-
boundary groundwater require a revision of the TDA/SAP 
approach by integrating data collection on filed ("Ground 
Truth") and the development of management tools such as 
the common database, the Geographical Information System 
and Mathematical Model. The North-Western Sahara Aqui-
fer System (SASS) project is an excellent example ready to  
receive TDA/SAP approach.

SWOT Matrix of the TDA contribution.Table 4 : 
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STRENGTHS WEAKNESSES

The Transboundary Diagnostic Analy-•	
sis is flexible and offers a wide scope 
to accommodate it to the aquifers of 
the area.

The ADT is a participatory approach •	
involving all stakeholders concerned 
by the problem. To this goal, it contri-
butes to a climate of solidarity and 
confidence.

The implementation of the Trans-•	
boundary Diagnostic Analysis encou-
rages to build Database on aquifers, 
Geographic Information System and 
to develop a Mathematical Model.

The Transboundary Diagnostic •	
Analysis is qualitative, it is based on 
existing data collected through inter-
ministerial committees meetings and 
the consultants’ works; it does not ex-
plore sufficiently the risk because of 
lack of actual field studies (collecting 
“Ground Truth”).

The deadline on a predetermined •	
framework reduces the opportunities 
given by the Transboundary  
Diagnostic Analysis to well apply it in 
the groundwater domain.

OPPORTUNITIES TREATS

The process leading from the •	
development of the Transboundary 
Diagnostic Analysis to the Strategic 
Action Programme is not well explicit 
for the aquifers domain; this lack 
precision of gives the opportunity to 
adapt the process to the transboun-
dary aquifers issues ;

The development of the Transboun-•	
dary Diagnostic Analysis to the IAS 
has encouraged cooperation with 
agencies (OMVS) and Authority 
(NBA) River basin which have already 
developed the TDA surface water.

The TDA / SAP approach for aqui-•	
fers opens up perspectives for sustai-
nable cooperation with organizations 
and institutions specialized in the 
study of aquifers such as the OSS.

The TDA may fail in case of refusal of •	
one or several countries to provide 
data on groundwater. 

Applying the TDA / SAP approach •	
is very often an eligibility criterion for 
access to GEF funding.
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General conclusion

The Transboundary Diagnostic Analysis (TDA) advocated by 
the Global Environment Facility (GEF) International Waters 
was applied to the Groundwater Aquifer System Iullemeden 
shared by Mali, Niger and Nigeria. Three major transboundary 
risks were identified: (1) the diminution of the water resource, 
(2) the degradation of water quality, and (3) the negative im-
pacts of variability / climate change.

Given the “non visible” character of groundwater, monitoring 
their hydrodynamic characteristics for decades is irregular. 
This is not the case with four other GEF focal areas namely: 
(1) marine waters, (2) the rivers, (3) lakes, and (4) wetlands, 
even though wetlands may result in some outlets of aquifers 
(artesian low, resurgence).

This required the development of a database of more than 
17,200 water points, a Geographic Information System and 
a Mathematical Model. This has among other things, highligh-
ted the overexploitation since 1995 and the interconnection 
between the Niger River and groundwater.

The TDA approach is a participatory approach involving all 
stakeholders concerned by the problem. To this end, it contri-
butes to a climate of solidarity and confidence. It strengthens 
the appetence for a concerted management between natio-
nal teams..
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