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EXECUTIVE SUMMARY

Since the early 1970s, climate in the Sahelian and Sudanian areas (where the majority of the
Senegal River Basin is located) is marked by chronicathiahd water deficits, which have

put this area into a major ecological crisis. This crisis has been intensified by demographic
growth, also unprecedented, and by the expansion of cultivated land and livestock farming.
All of the river basins located abh¢ same latitude as the Senegal River (the Gambia River,
Niger River and Lake Chad Basins) have faced serious ecological challenges over the last
three decades. Deforestation, overgrazing, siltation, loss of plant and animal biodiversity, etc.
have had valing impacts throughout the region but are all part of a common landscape
affecting all its basins, including the Senegal River.

In addition, because of its hydegricultural developments (and particularly the large dams),
the Senegal River is one of ethmost modified Sahelian river basins due to human
intervention. Investments in controlling water here have created other ecological challenges.

Today, one of the greatest devel opment chal
and conservation afs biodiversity concerns the massive presence of aquatic invasive species
(particularly Typhg. All evidence indicates that invasive plant proliferation has been
promoted by large infrastructure projects, the two large reservoirs upstream (Manantali) and
downstream (Diama) and the surrounding irrigated areas that together have changed the
river o6s hydraul ic regi me and water qgual ity
economic and social impacts, the invasive species affect the ecological stéiiigySenegal

River Basin as well as productive activities (agriculture, fishing and livestock farming) and

the health of communities with the high prevalence of waterborne diseases.

The Senegal River Basinds ot helprololems ¢oncerm ge nt
desertification and bush fires, degradation of wetlands &hednges in estuarine
hydrodynami cs (rapidity and unpredictabilit

following the opening of the channel across the Langue de Barbar@8). Deforestation,
overgrazing, erosion arglltation (including riverbank erosion), degradation of fish fauna, as
well as changes in surface water availability are serious problems that require an urgent
response. The basin must also confront otherrenniental problems; however, these are
either determined by other factors (waterborne diseasesgoorring locally. They do not
necessarily need a transboundary solution for water gdadity issue that could become
extensive if protective measures aré taken in timé such as soil salinization (particularly

in the delta.)

Urgent solutions must be found for some of these environmental problems because of their
extent, evolution and impact.
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INTRODUCTION

The Senegal River is the second largest rivaest Africa. It is 1800 km long and its basin

covers a surface area of 300,006°. While the average annual rainfall for the basin is 550
mm/year, the Guinean part records close to 1500 mm/year compared 85@00m/year in

the northernmost part of theasin. This contrast in rainfall, characteristic of the basin, is
somewhat alleviated by the fact that each year the river transfers billions of cubic meters of
water from the upper basinds regions with pl
the valley and delt a. This particular syste
richness and the broad diversity of production systems for some 3.5 million people who live

in the basin.

Because of the arid conditions affecting most of tlsily water supply (surface and
groundwater) and its spatial and temporal distribution plays a major role in the river
ecosystemdés evolution and the basinbds develo
on the basinbds wat e(a)climate vatabilityeasd change;ramddb@ thee vy e ¢
dams. These pressures on water resources, added to those linked to runaway demography and
various productive activities, has had reper
ecological diversity
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Fig. 1. Situation of the Senegal River Basin
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Since the early 1970s, climate in the Sahelian and Sudanian areas (where the majority of the
Senegal River Basin is located) is marked by chronic rainfall and water deficits, which have
put this area to a major ecological crisis. This crisis has been intensified by demographic
growth, also unprecedented, and by the expansion of cultivated land and livestock farming.
All of the river basins located at the same latitude as the Senegal River (the Garebja R
Niger River and Lake Chad Basins) have faced serious ecological challenges over the last
three decades. Deforestation, overgrazing, siltation, loss of plant and animal biodiversity, etc.
have had varying impacts throughout the region but are allgbaat common landscape
affecting all its basins, including the Senegal River.

In addition, because of its hydegricultural developments (and particularly the large dams),
the Senegal River is one of the most modified Sahelian river basins due to human
intervention. These investments in water control have created other ecological challenges:
proliferation of invasive aquatic species and an extraordinary increase in the prevalence of
waterborne diseases.

Nevertheless, the river basin environment consrioehave critical ecological importance as
demonstrated by its numerous ecological sites having national, regional and, particularly,
international interest. Some of these sites receive special protection while others still have
none. Hence, the basin nbers two World Heritage Sites (Djoudj and the Island of Saint

Loui s) . This status enlists the Djoudj Nat i
cultural heritage sites recognized as having universal vahesbasin also has two Biosphere
Reserved the Boucle du BaouléTransboundary Reserve of the Senegal River dlelta
included among the worldds 480 reserves i d
Programme to create a network to share innovative approaches that reconcile environmental
conservation andevelopment. The Senegal River Basin is host to five sites included on the

list of Wetlands of International ImportancRgmsar sites),all concentrated in the river
delta:Djoudj, Ndiael and Gueubeoln t he | eft bank (or ttds) ee of
andDiawlingand Chat Tbobn t he ri ght bank (or two or Mau

In addition, other protected areas (national parks, wildlife reserves) include: the Bafing
Wildlife Reserve created to compensate for wildlife habitat loss frdmgfithe Manantali
reservoir and that is currently a refuge area in the northernmost reaches for a few hundred
chimpanzees; the Lake Magui on th®limbingé, an area with high concentrations of
livestock, predominantly made up of herds from the Kayes regiwhtranshumant herds

from Mauritania; and the classified forest of Bakoun in the upper basin in Guinea, whose
biodiversity many think could satisfy the Ramsar site eligibility criteria.

The natur al | akes (i ncl udi nplayteddmgecomamicdrel Gui e
ecological roles, whereas those played by the humadte lakes (Manantali and Diama
reservoirs) should receive greater attention since the presence of significant fish fauna in their
waters is certainly an indicator of much gredtiediversity.

There are numerous threats weighing on these ecosystems that affect conditions for using
resources in the river basin.

! The criteria used for Ramsar list eligibility are that: (a) the site must be a representative, rare or unique
wetlands area; (b) it must have particular importance for conserving biodiversitysiipgprting animals or

plants threatened by extinction; receiving a lgsgpulation of waterbirds; servirgs a critical spawning ground

for fish reproduction and growth).
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1. PRIORITY ENVIRONMENTAL PROBLEMS

The classic approadb the TDA includesthe following steps: (1) a preparatiphase during

which the TDA Team (TDAT) collects and begins to organize data; (2) a phase to identify
and classify environmental problems in order of priority, usually based on brainstorming
carried out by the TDAT; (3) an analysis phase of the impacts candequences of
transboundary problems; (4) a phase to determine final classification by order of priority; (5)
a phase to analyze the causal chain (concentrating solely on the priority problems identified in
Phase 4 above; and (6) a phase to analyze wmgavee, i.e., the political environment
(institutions, laws, policies and investment projects affecting the identified priority problems).

Within the framework of the TDA process for the Senegal River Basin, Pha3ewete
covered during the preliminafiransboundary Diagnostic Analysis (TEA) conducted during
the PDFB Phase of the GEBRB Project (20012002). Next, during the project
implementation phase (beginning in 2003), national consultants were appointed to conduct
national TDAs to develop the TE greater detail and validate its proposed impacts matrix
and priority actions. These national TDAs were also validated during national workshops
organized in each of the four basin countries. The national TDAs have placed greater
emphasis on Phase 2 dfet classic TDA approach described above, but have also tackled
them from the specific angle of the different basin countries.

The regional synthesis phase (the subject of this document) aims to synthesize the TEA and
the natiomal TDAs while conducting’hase 4 in greater depth before covering Phases 5 and 6.
The regional synthesis also suggests key intervention points to solve priority environmental
problems, setting the groundwork for the subsequent phase to prepare the Strategic Action
Program (SAP).

1.1. Land degradation

In arid, semiarid and dry sulhumid areas (as is the case for most of the Senegal River
Basin), land degradation is defined by the Uniiations Convention on Desertification as
being a decrease in or disappearance of biologicaeamnomic productivity and the
complexity of cultivated land (both rafied and irrigated crops), livestock routes, forests or
woody landscapesin other terms, land degradation denotes a decreased capacity of land to
produce biomass.

Land degradation isaused by the following factors: deforestation, overgrazing and erosion.
The effects of these processes contribute to desertification. Mining also causes deforestation
and soil mobilization that promotes erosion.

2 GEF/IWLEARN. 2002. The GEF IW TDA/SAP Process: A Proposed Best Practice @gp8burce
http://www.iwlearn.net/publications/TDA

% This definition is very close to the one given in thdCCD to define desertification (land degradation caused

by various factors, includinglimate change and human activities). This does not simplify defining the
parameters of the priority environment al probl ems
separately in the validated TEA and the national TDAs.
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1.1.1. Deforestation

Deforestatiod reducton in wooded covéy is widespread in the Senegal River Basin.

The 2005 Environmental Observatory Report estimates that on a national level, forest surface
area decreased by 800,000 ha in Senegal between 1981 and 1990, and that Mali and
Mauritania loses@0,000 ha and 10,000 ha per year, respectively (SOE, 2005).

In Guinea, the national rate of deforestation was 2.08% fori228D. Although the highest
levels of degradation occur in Forest Guinea and Maritime Guinea, the Fouta Djallon Massif
has also unefrgone intense deforestation.

Deforestation is widespread throughout the Malian part of the basin, but is much more
prevalent in the areas of Kéniéba due to gold washing in the surrounding areas of the
Manantali reservoir and the encroachment of cottomifey downstream of Kita (4000
ha/year). The environs of urban centers (Kayes, Kita, Kolokani, Kati, etc.) are also severely
deforested, processes explained in part by the need to respond to high demand for firewood in
these cities and expanding farm aras$toreland. Lastly, construction of the higimsion line

from the Manantali dam (1500 km) has also caused significant deforestation along its path.
(TDA-Mali)

In Mauritania, the majority of its wooded areas are located in the Senegal River Basin where
there are large groves @fcacia nilotica(gonakiers). These groves, which covered 23,444 ha

in 1969, have clearly diminished and only amounted to 20,104 ha in 1976, recording a
14.24% decrease (TDRM). Moreover, from 1997 to 1999, the loss in wood coveasw
31.69% in thewilayaslocated in the Senegal River Basin: Guidimakha, Gorgol, Brakna and
Trarza. In the Trarzavilaya, wood coverhas decreased by 70%in this wilaya, the
deforested land is divided between cultivated fields and vacant land, dewaniy wégetation.
Remnants of the forests in thaglaya (2650 ha) are mainly located in the classified forests,
and their wood cover is constantly receding. The Gani forest, which was 2200 ha in 1999,
only accounts for approximately 720 ha of wood covercohding to the Mauritanian Report

from the Prospective Study on the Forest Sector in Africa (FOSWe, classified forests

| ocated along the river are among Mauritani
Afactual cemeterieso for trees.

In the Braknawilaya, 47.74% of woodlands were lost between 1977 and 1999 and have also
been transformed into crop fields or production areas for wood charcoal. The remaining
woodlands are estimated at 4370 ha. For the wilayas of Gorgol andGuidimakha,
deforestation rates must also be quite high, especially since thesavitayas have been
centers of wood charcoal production for the revitalization of large urban centers since the
1980s (for Gorgol) and the 1990s (fauidimakha (TDA-IRM).

In Senegal, woodtegetation has undergone significant regression, a process demonstrated by
the evolution of the basinds classified for
forests in the Senegalese part of the basin are located in the flood plain in ¢lye Madise

forests particularly concern gonakier grovégdcia niloticg. An estimated 32.5% of these
gonakier forests were destroyed between 1972 and 1992 -@dhagal). Moreover, the

* Ould Taleb, Nema. M. Ressources forestiéres en MauritafiaO i European Commissioi African
Development Bank (ADB). August. Sourdstp://www.fao.org/DOCREP/004/X6812F/X6812F00.htm#TOC
®> Ould TalebNema. 2001. Etude Prospective du Secteur Forestier en Afrigiairitanie.July.
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classified forests were not spared. The Diamel classified forest (Magionp despite the

fact that, in theory, it was protecteédupplied 58% of the firewood, 33% of the wood
charcoal and 9% of the lumber consumed by the 170,000 inhabitants of the commune of
Matam and its surroundings (TD3enegal). For this reason, thisdst, like other classified
forests in the basin, is in rapid regression (FBénegal).

Causal analysis

Natural causes can be distinguished from human causes. Natural causes involve hydro
pluviometric conditions, which have been quite unfavorable itbésen (and in the rest of the
Sahelian and Sudanian region). In the middle valley, average annual rainfall 170930
between the period of 1960970 and 19711990. In the Guinea upper basin, rainfall for
19711990 only amounts to 21% of its total for5IP1970° To i |l l ustr ate t he
specificity in the context of the last three decades in the Senegal River Basin, 8 of the 10
driest years from 1904984 occurred in the 19780s. These successiyears of pronounced
rainfall deficits led to high teemortality and negatively affected the capacity for regeneration

of vegetation cover. Over the course of this same period, water deficits (drop in river flow)
produced decreased and less frequent flooding (in terms of how much surface area was
flooded andflood duration). This caused serious degradation of gonakier forests that depend
on flooding.

Human causes of deforestation are: land clearing for agricultural purposes; use of lumber,
firewood and wood charcoal; overgrazing; expansion of residengias anto urban and rural
settings; mining; bush fires; greater open access to wooded areas, etc. Although use of wood
in response to the energy and lumbeeds is a primary common cause throughout the basin,
the extent of most of the other causes varggsedding on the country and locations in the
basin.

In the upper basin, the high occurrence of bush fires is a primary factor in deforestation. In
Mali, land clearing for agricultural purposes (notably, cotton farming) has resulted in massive
deforestatin. Overgrazing with increased numbers of local and transhumant livestock is one
of the primary factors of deforestation and land degradation in places suchcasctesof

Diéma and Yélimané.

In the BafingFalémé region, mining is intensive and is emportant factor in deforestation.
Artisanal gold mining causes serious damage to the environment with the placers (gold
mining areas) quickly becoming vast fields of gaping pits. Industrial mining sites are
multiplying in the area, especially over the 126t years. In addition to the Tabakoto mine
near Kéniéba in Mali, other sites are mined indbecleof Kayes. In the Guinean part of the
basin, several industrial mines hold concessions on areas ranging fi@B07knf. For
example, there are two concess toward the sources of the Falémé; one on the right bank of
the Bafing toward Gagniakily and another involving dredging along-kn23tretch of the
Bafing (Bonnet, 1999). Mining creates borrow pits over vast land areas.

In Senegal, among the mainntobuting factors of deforestation ategh animal load and the
resulting overgrazing (with the use of woody foraging to supplement livestock diets), the
expansion of irrigated crops, etc. (AESenegal).

® FAO. Analyse DiagnostiqueTransfrontaliere du Massif du Fouta Djallon. Programme Intégrée
ddoAm®nagement du Massif du Fouta Djallon.
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In Mauritania and Mali, some pastoral practiceshsas topping and lopping off trees are on
the increase due to the scarcity of forage resources. These practices compromise regeneration
of woody vegetation.

The root causes of deforestation are population growth and low crop yields: agriculture (rain
fed, in particular) consumes so much space because it is extensive. The low standard of living
among the basin population partially explains the recourse to using and selling wood in order
to meet urgent survival needs. Improving access to some basimtschtas also facilitated

the arrival of wood users while increasing how much land is slated for speculation for
exportation. In Mali, the creation of new roads and improvements for existing ones has
opened access to the basimacsessible odised ofdoresta s ,
resources, particularly around and upstream of Manantali.

Consequences

One consequence of deforestation is habitat loss for some wildlife species, including rare
species. Many of t he basareddi®., Derby Baads)maarema | s
threatened by disappearance. Lions and elephants no longer exist in the basin except in small
numbers. Thus, deforestation decreases both fauna and flora biological diversity.
Deforestation exposes soil, making it vulneealbd erosion. In some cases, the increased
runoff due to rainfall can lead to deposits of transported solid matter along the river.
Therefore deforestation participates in siltation of waterways and riverbank degradation.

Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range
1  Reduction of wooded | 1  Clearing of the savannah | 1  Degradation of Entire basin
areas; and ncreased bush fires; hydro-climatic
1  Destruction of wildlife | §  Unplanned use of wood conditions; Critical areas:
c habitats & gradual (firewood, wood charcoal, | 1  Demographic Fouta Djallon
o degradation of lumber); growth; o
T protected areas; 1  Overgrazing. 1 Poverty and wood | Manantali region;
D 1 Siltation of waterways use for survival o
@ and riverbank needs; Gold mining areas
) degradation. 1 Ineffective (upper basin in
© implementation of | Guinea)
() laws and policies )
related todforest Senegal River Valley
management; (left and right banks)
1 Increased access.

Possible Priority Actions by Country Matrix

Country Priority Actions Type of Action
1 Promotion and increase of reforestation in 1  Management plans for the environment and natu
mountain areas; resources;
1  Combating overgrazing in sloping areas; 1 Transboundary approach to use of natural resour
1  Development and promotion of alternative and bush fires;
Guinea energy sources; 1  Feasibility studies on small power station sites;
1 Raising public awareness about environmentg {  Awareness raising aretlucation campaign.

degradation ahits impacts;

1  Strengthening capacities of communities in
forest resources management;

1  Proposing alternatives to slashdburn shifting
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Country Priority Actions Type of Action
cultivation;
1 Intensification of law and regulation
enforcement to stop encroachment in forests ¢
protected areas;
1  Promotion of sustainable smatalemicro
hydropower.
1  Promotion of reforestation in fragile and 1 Environmental and wateesources management
marginal areas; plans;
1  Promotion of alternative energy sources; 1  Application of legislation on natural resources usg
Mali 1 Promotion of alternative grazing; 1  Baseline and priority development problems stud
1 Controlling overgrazing in sloped areas; in the relocation area;
1  Sustainable development in the Manantali 1  Sustainablelevelopment projects for Manantali an
relocationarea; the relocation area.
1  Awareness raising and communication for
behavior change.
1 Restoration of gonakier forests; 1 Transboundary actions to restore and manage
1  Encouraging establishment of protected areas|  gonakierforests;
Senegal and forest reserves; 1 Application of legislation and awareness raising.
1  Management of natural forests.
1  Promotion of reforestation in gonakier areas; |1 Diffusion of simple techniques to restore gonakier
T Promotion of alternative energy sources. groves;
Mauritania 1 Protection;
1 Diffusion of adaptedechniques for use of forest
resources;
1 Initiation of a targeted program in environmental
education;
1 Extension of alternative energy.

1.1.2. Erosion and siltation

Erosion refers to degradation of t hagadicandb6s
matter and minerals from the soil by wind or water. It occurs in several forms: (a) water
erosion by rills occurs in the forms of rills and runnels affecting the upper soil horizon; (b)
water erosion by gullies (gullying) affecting fragile terrand occurring in the form of
gullies able to reach deep soil horizons; (c) fluvial erosion occurring from sapping of
riverbanks; (d) watesheet erosiomesulting in the removal of the upper layer of soil on vast
expanses of land; and (e) wind erosioneesglly affecting denuded and dry surfaces.

Siltation occurs in areas where soil matter deposits and accumulates due to erosion,
particularly caused by wind.

The Senegal River Basin undergoes intense erosive activity, but the extent of the problem
variesfrom one area to another in the basin.

In the upper basin and particularly in the Guinean part of the basin (Fouta Djallon Massif),
manifestations of runoff and water erosion seem to havained relatively low, despite the
dense hydrographic networkténse rainfall and the mountainous landform. These were the
results of the GERFRural Space and Forest Management in Guilra)ect assessment
conducted in the Prefecture of Mamou, on the Bafing, the main tributary to the Senegal River
(DNFF, 1996). Other expert opinions highlight the increasingly alarming degradation of the

" DNFF. 1996. Une Expérience de Gestibe | 6 Es pac e ReniGainée. Blissionide €ooffémtion dt s
ddActi on Cul dandNatohadl Grecforfate @& Racra and Flora (Guinea).
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Fouta Djallon Massif headwatetdn all cases, erosion is a major phenomenon in the upper
basin where the Senegal River takes in tons of solid matter each year.

In the Malian parof the basin, the most severe cases of land degradation are found in the
cerclesof BafoulabéandKéniéba particularlyin the relocation sites fatisplaced Manantali
residents. One possible explanation is that the massive and sudden arrival of lHuedlisp
populations could have increased the pressure on land tenure resources and simultaneously
disturbed traditional forms of managing space.

In the river valley and delta, land erosion is prevalent as seen in the maps indicating the
severity of land dgradation in Senegal and Mauritania. In the Mauritanian part of the basin,

the | evel of Iand degradation is between 0fAs
degradation based on the classification used for this FAO study. In Senedaletisdall
around fAseriouso all along the valley and de
SENEGAL - Severity of Human Induced Soil Degradation MAURITANIA - Severity of Human Induced Soil Degradation
=t e
Bl Severe Il Severe
s S

Actual Extent Afiected
Lepens
| Pemertage

Figure 2.a& Figure 2.b. Level of lard degradation in Senegal and Mauritaf&ource:
FAO)

Causes

The direct causes of erosion include both natural and homeses. Natural causes of erosion
are drought and intense wind activity. These natural factors have greater weight in the
northern part of the basin: the middle and lower valley and delta.

Human factors causing erosion include slasttburn farming andannual bush fires that
have greatly contributed to soil destruction. Extension of cultivated surfaces and leaving
fields fallow for less time destabilizes land and makes it vulnerable to wind and water erosion.
Overgrazing and subsequent intense soil cata by herds increases vulnerability to water
and wind erosion.

® DNFF. 1996. Une exp®rience de Gestion de | 6Esgtace Rur
ddAction Culturelles (France) et Direction National e
® FAO, 2004. Analyse Diagnostique Transfrontaliére du Massif du Fouta Dj&llono gr amme do&é Am®nage
Intégré du Massif du Fouta Djallon.
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Siltation

One consequence of erosion is siltation (or sand invasion) defined as complete invasion of
objects or surfaces by grains of sand, resulting in an accumulation of sand aed/or th
formation of dunes. Wind erosion is the main cause of sand invasion with the wind playing
the triple role of erosive agent, transporter and depositor in dune formation. It is true that in
the context of the Senegal River Basin most of the grains of dgmukited by the wind to

form dunes come from elsewhere, the Sahara in particular.

The most acute manifestation of sand invasion in the Senegal River Basin concerns the right
bank in the lower valley (the Trarzelaya in Mauritania), a region with mangand dunes.

The 2G30 km of active dune fronts threaten the Senegal River valley in the Mougata de
Rosso, HBogkd z and

Some of the waterways on the left bank of the delta are also subject to sand invasion caused
by wind erosion: for example, the imaittent streams and depressions of Diovol, Djeuss,
Nietti Yone and Ndiael (AGRER et al., Vol. 1, 2003:22).

Responses
To control sand invasion and thus wind erosion, significant efforts in dune fixation have been

made over r e c e Batriecred\edea die Frarzgd Gheefin Barriers o
Project fit within the framework of these efforts and was operational until 1998 (AGRER et
al., Vol. 2, 2003:173).

Environmental Impact Matrix

Problems Symptoms/Effects Immediate Causes Root Causes Range
© T Sand dunes; 9 Unsuitable farming 1  Growing -Upper basin: Plateau
% 1  Lossin land fertility practices and hiy population with areas and along the
(2] causing an expansion pressures on fragile areas urgent economic | river/cerclesof Kati,
© of cultivated land; 1  Lack of land and water needs; Kita, Kolokani,
% c 1  Loss of habitats and conservation practices; 1 Increase in crop KQU!iKOFO, Banamba,
e biodiversity; f  Bush fires; farming along the | Kéniéba and Kayes
o % 1  Siltation of waterways | §  Overgrazing and intensive river. -Right bank: Lower
n S in flood areas; soil compaction; valley (Trarza);
© c 1 Formation of islets and §  Drought and wind activity. -Right bank: Middle
o sandbanks. valley;
Lo} -Left bank: lower
o valley and delta.
@®
-

Possible Priority Actions by Caoitry Matrix

Country Priority Actions Type of Action
1  Promotion of drainage basins based on a holi§ §  Land managment program;
Guinea approach and rational consultations between | §  Capacity building for communities,
stakeholders; perennial structures and operators;
T Identification and evaluation of susceptible an¢ | Education, information and communicatio
eroded areas in the basin. programs.
1  Develop management plans for banks of 1 Study on the causes of riverbank erosion;
waterways; 1  Implementation of law on riverbank
Mali 1 Accelerate transfer of naturedsources occupation.
management to tetorial collectivities with the
necessary related measures;
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Country Priority Actions Type of Action
1  Control overgrazing on sloped areas;
1  Control siltation.

1  Establish rational policies and priets on 1 Improve techniques in land use practices;
Senegal farmland use; 1 Management information;
1  Promotion of land conservation and restoratior Strengthen capacities.
programs;

T Promotion of anterosion measures.

Riverbank degradation

Riverbank degradatiomanifests itself by receding or gullying of riverbanks and riverbed
displacement. This phenomenon has been discussed in detail in the impact study by Gannett
Fleming et al. (1980) in the context of construction of the Diama and Manantali dams. This
study minted out several reaches basedttm size of their bedloatfsand their effecton

riverbank erosion. The bedload in the upper basin of the Senegal River (upstream of Guinea)

I's | ow, resulting in the river bedvalleyoktheabi | it
Falémé, the bedload increagé90,000 tons per year in Kayes) and causes greater erosion,
although particularly affecting the channel and not the riverbank&aléenéis described as

having little exposure to riverbank erosion. Evenhwibhe Manantali dam, the Gannett

Fleming study did not predict that channel instability could have a significant effect on river
alignment. Instead, between Bakel and Wending (tovBodhd, Gannett Fleming et al.

noted higher riverbed instability and tlgeeatest riverbank erosion, which was due to the
bedload (Gannett et al., Partial Repanttbe River and Estuary RegirRapport partiel sur

l es r ®gi mes du f 1980iB¥36). Bvdn halee thel Garnsttt Flermingrstidy
predicted that regularitzai on o f the riverés flow (with th
decreased erosion of banks. Downstream of Wending, the bedload is less and even non
existent.

Regarding the current situation, the lower valley does not appear to be suffering from a
seriaus problem of riverbank sapping. In the defgphacover plays a stabilizing role for
riverbanks. Upstream of Podor, small rockslides have been observed that are caused by
rainwater runoff (the valleys of Koundi and Diou in Mauritania).

Further upstraa, the issue of riverbank erosion is more serious on some reaches of the river.
Field mission reports by the Malian OMVS National Unit in 2005 illustrated the extent of the
problem. The most affected locations identified in this report were located oreablk
betweenBafoulabé(Baking-Bakoye confluence) and the confluence between Karakoro and
Senegal Rivers, slightly downstream from Ambidedi. In the village&Sathoussir§Logo
commune in the sameercld and Ambidedi and Diakanapé (Kéméné Tamhlmmmune),
occupants abandoned their houses destroyed by riverbank erosion. The village of Sobocou
(Soni commune) saw its territory encroached upon by more than 100 m due to the advancing
riverbank. Even in the locality of Kayes, threats on the EDM power plant \pasted. In
Ambidedi, no other solution was found other than to relocate if nothing was done to stop the
progression of erosioft.

1% Bedload is defined as the ratiototal concentration of sedimentary particles that move by churning (sliding)
along the channel bed.

1 Sources: CN@MVS-Mali. 2005. Rapport de mission relatif & la collecte de données pour la protection des
berges dans le Haut Bassin31 March to 5 Apti CRM/CN-OMVS-AB. No.5. Bamako; van den Herik;
Abraham Sogoba; Rien Veldhoen et al., 20B8&pport de Mission a Kayes. Mali OMVBnit i Royal
Haskoning. April
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Direct causes

A report from the Malian unit of the OMV!Sidentifies the following factors as causes of
riverbank erosion ithe Malian part of the basin:
1 The fact that soil texture in the upper valley of the Senegal River is not very compact,
making it vulnerable to erosion;
1 The fact that successive droughts in the 1808 have gradually transformed the
forest into a savaram;
The high population concentration along the river for the last 25 years;
Massive deforestation in areas surrounding the river related to human activities:
clearing, wood cutting (notably fuel wood) to cover household needs of local
communities and sygby the city of Kayes;
Poorly designed sanitation developments and systems;
Overgrazing along the Senegal RivRelative to this, the number of herds in the basin
has significantly increased and tends to concentrate along the river and its tributaries
during the dry season;
1 Banco (clay) extraction; uncontrolled ramp construction to access the river for human
activities;
1 Non compliance with the servitude of the river; a ban on building or planting at a
minimum distance of 25m from the riverbank; and
1 The ratural hydremechanic process of the river (meanders).

= =4

= =

The bedload (concentration of particles that flow along the river) is a significant factor in
changes to riverbank morphology. From this perspective, speculation arose as to whether the
bedload wouldncrease with the dams and contribute to the acceleration of riverbank sapping.
In the study conducted by the AGRER, et aol( 2, 2003:174), the authors think that
riverbank recession maintained the same rate compared to the situation before theedam. T
Manantali dam does not appear to have enabled riverbank and waterway stabilization
(AGRER, et al., Vol. 2, 2003:174). No reports have even put forth the hypothesis that
releasing the Manantali damdés f | oodngteeanes hayv
of the dam’ Understanding the positive or negative roles played by the Manantali dam and
particularly the floodgates in riverbank erosion remains a vital question that should be
clarified.

Nevertheless, it is clear thatnoff from rainwater ito the river can cause significant gullying

that, combined with the bedload can accelerate the riverbank degradation process. This
process is facilitated when land has been denuded, as it the case for the majority of the basin
and somewhat in the Sahelipart.

Extreme hydreclimatic events such as flooding and exceptional rainfall can act as triggers or
accelerators in the riverbank erosion process. The SOE report (2005) notes that during the
high flooding in 2003, several residences located close t8e¢hegal River were threatened

12 OMVS National Uniti Mali. UndatedRapport Technique sur | agesbagla adati on
partie malienne du bassin.

13 Hypothesis made during the workshop to validate the preliminary report of this TDA. Local communities

affected by this phenomenon also often suggest this hypattsesDiop, Fousseyni. 2005tosion des berges

du fleuve Sénégal dans le Cercle de Kajpssertation for Degree in Engineeringstitut Polytechnique Rural

de Formation et de Recherche Appliquée. IPR/IFRA. Katibougali,)
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with collapse or did collapse due to riverbank erosion. In addition, the extent of this process
was particularly concerning in Mali (SOE, 2005).

Root causes

The riverds capacity to di s lootdgfactora:ajioutput ans p c
level and discharge velocity; and (b) the-présting sediment load in the river water. If the
output and discharge velocity are low and the river is already heavily loaded with solid matter
(approaching saturation), the capgdo lift new matter and therefore destroy riverbanks is
low. The Manantali dam affects these various factors: regularization of flow; and continuous
flood release (notably for electricity production needs and in periods of flood management).
Manantali aso decants some water from the Bafing, and its sediment load downstream is
reduced compared to the level before the dams. However, mdepih investigations are
needed to determine if these various factors play a role in riverbank erosion that pmevails
the Bafing reach downstream of Manantali betwBafoulabéand the confluence of the river

with the Karakoro.

Livestock concentration along the river for most of the year is also sometimes due to
insufficient water points in areas where fodder exists.

Consequences

Degradation of riverbanks can endanger villages and cultivated areas along the river. The
extent of the damage caused by erosion has been described above. Besides loss of housing
and physical investments in villages along the river, sagppinriverbanks can impede the

goal to make the river navigable from Kayes to Saint Louis, which is one of the pillars of the
OMVS program. Material removed by water from riverbanks is partly deposited in the
riverbed, which can then build up into sillsdamanks that thwart river navigability.

Possible responses

In its report cited above, Mal i 6s OMVS Unit
erosion:
1 Awareness raising for concerned communities on the need to comply to regulatory
standardgor land use and management;
Reforestation (native species, live hedges);
Fixation of riverbanks and ravines (gabion walls);
Construction of small dikes/stone lines on contour lines; and
Construction of hill reservoirs in the small water basins.

E g

In addiion to these measures, andapth study should be conducted to better determine the
causes of the current intensity of riverbank erosion. It is urgent to determine whether releasing
the Manantali floodgates contributes to riverbank erosion. Appropriaésures could then

be taken based on the results of these investigations.
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Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range
g T Receding and/or T Bedload increase from 1 Increased volume | Downstream
= gullying of riverbanks; river; and velocity of Manantali, on the
_‘g 1 Raising theriverbed; | 1  Runoff from rainwater; river flows; Bafing (Mali);
ac 1  Destruction of 1 High concentration of 1 Preexisting low
a residences along the herds along riverbanks; sediment load in Area betvyeen
[} river; 1  Devastating flooding and river; Bafoulabé and
© 1 Destruction of rainfall. 1 Insufficient water | Ambidedi(Mali).
é economic investments points and thus,
a 1  Risks on river high
Q navigability. concentrations of
[} livestock on
= riverbanks.
o

1.1.3. Land salinization and loss of farmland

In the Senegal River Basin, land salinization is caused by capillary action of the superficial
salt layers. Within the basin, the delta has been most affected by land degradation caused by
salinization. Hee, land salinization results from high accumulations in the quantity of soluble
salts in the soil profileAGRER, 1998)'* This accumulation results in a rise in the level of

the groundwater aquifer, which is already not very deep and salty. The sdlithiy layer is

caused by the series of sea transgressions and regressions occurring in the lower delta and
lower valley over thousands of years and particularly the last transgression about 2000 years
ago. More recently, a rise in the level of this sajer has been observed on the order af 0.4

0.8 meters between 1991 and 1998.

Causes

The salt |l ayer transports |l arge quantitd.i
phenomenon of capillary action mainly takes place in the hot dry séasmonditions where
evapotranspiration is particularly high. Since most of the irrigated areas of the lower valley
and delta were managed without a suitable drainage system, irrigation water deposits
considerable amounts of salt at each cycle (AGRER8)19bhis increases the effects of
capillarity on land salinization. Yet studies also show that intensive irrigation farming with an
adequate drainage system causes a drop in soil salinity. In effect, Ceuppens shows that
salinity increases in the followingrder: double cropping with drainage, single cropping with
drainage, single cropping without drainage and abandoned fields. Moreover, these studies
highlight that salinity decreases when the number of years that fields are cultivated by rice
increases, sdhat uncultivated land is always saltier than lahdt has been cultivated.
Ceuppens infers that the capillary action phenomenon (and not irrigation, as such) plays the
most determinant role in the process of salinization of cultivated land in thé“delta.

es

“ AGRER. 1998. Etude do6Evaluation Envimemtrnégréneat al e
| 6 Agricul ture 1 rri gu®mel 2eMain tat.uFinal tRaport. &/orld Babk/SONADER.
August.

!5 Ceuppens, Johan. 200Water and Salinity Management for Irrigatedc®iin the Senegal River Delta.
October.
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Consequences

The salt that rises up to plant roots eats away at the plant tisspeesedts photosynthesis,
therefore contributing to decreased crop yields. When salinity increases, salt plates end up
covering the soil. This leads to the abandonimaf large expanses of land managed for
irrigation (and particularly land with no drainage system) in the lower valley and river delta
each year.

Possible solutions
- Ensure that a proper drainage system is planned for areas with managed irrigdtion; an
- Accelerate construction of an effluent from the delta: a main drainage canal for water
from the lower valley and delta (left bank); and plans for a similar investment on the

right bank.

Results from the study on land salinization and loss of farmlzade identified both
immediate and root causes, symptoms and impacts as well as the range of this Senegal River
basirwide major environmental problem. All of these identified parameters have been
summarized in th&nvironmental Impact Matrikelow.

Idenifying these various parameters made it possible to distinguish priority actions,
summarized in th@ossible Priority Actions by Country Matrbelow.

Environmental Impact Matrix

Problems Symptoms/Effects Immediate Causes Root Causes Range
'8 1  Salt plates covering 1  Capillary action of 1 Riseinthe salted | River Delta
S o land; superficial salt layers. groundwater (particularly the left
c © 1  Decreased solil 1 Lackofan bank).
o ® fertility, hence appropriate
*(:U e decreased yields; drainage system
N & 1 Abandonment of for irrigated areas.
c :‘: managed land;
© © T Increase in land
(pIN")] unsuitable for farming.
T 3
C —
©
-
Possible Priority Actions by Country Matrix
Country Priority Actions Type of Action
1 Appropriate policy and regulations on water us{{ Establish standards;
Mauritania for irrigation; i Improve techniques in irrigation practices;
1 Adequate planning for drainage. 1 Strengthen capacities.
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1.1.4. Overgrazing

Overgrazing occurs when the actual animal load for a given space exceeds its load capacity.
Thereforethe load capacity is the maximum quantity of livestock that a pasture is assumed to
be able to support without deteriorating. When the capacity load is exceeded, there is overuse
and thus, degradation of routes. Load capacity is based aretlessary fekintake of dry

matter for a standard animal to maintain itself. For example, daily rations of forage dry matter
for a standard bovine per year is estimated at approximately 2.5% of its weight, or 2.28 t of
forage dry matter per year for one Tropical Lioek Unit (TLU) weighing 250 kd® The

load capacity is determined by measuring the forage biomass supplied by the pasture and
applying a biomass utilization coefficient (between 35 and 90 per 100), which is a function of
the type of vegetation, the mode l¥estock farming and the specieSince biomass
production fluctuates annually depending on rainfall conditions, the load capacity of a space
can vary from one year to another. (See the graph below, estimating biomass production
based on annual rainfafl the context of arid and serarid settings.)

3000
2500 1
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1500 \

1000 \

Production primaire (kg/ha)

~——
500
O T T T T T T T T T
\/@Q LSS SO

Pluviométrie annuelle

Fig. 3. Estimation of primary grass production based on annual rainfall (Breman Formula).
(Translation for Graph: Pluviométrie annueleinual Rainfall; Production primaire: Primary Production (kg/ha)

In the Koulikoro region, average forage production was estimated at 2.03 t per hectare in
2005 using the Breman formula. It was estimated that only 30% of this forage production was
usable by the livestock (the remainder being unavailable due to bash wind or other

reasons or simply because it was unappegizinthe livestockj’ Based on this, the load

capacity for this region in 2005 was estimated at 3.7 ha per The.2005 annual DRPIA

report on Koulikoro estimates that the region has a resigestock population of 1,165,000

TLUs. This herdbds density is 1 TLU per 7. 70
Koulikoro region is 90,120 kfj However, if the actual land area of pastures is taken into
account, and by deducting the agricuddufields, classified forests and areas occupied by

16 Carriére,Marc andBernardToutain. 1995. Utilisationdeer es de parcours par | 6®l eva
|l 6environnement . Ou{EMVTsFelruary.i ndi cateurs. CIl RAD
Sourcewww.virtualcentre.org/zh/dec/toolbox/Refer/PARe. pdf

" DNPIA-Mali. 2005. Rapport annuel 2005 deDaection Régionale deBroductions et Industries Animales
(DRPIA)-Koulikoro. National Directorate of Animal Production and Indust(iBbIPIA). BamakoDecember
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habitats, the actual livestock load falls below 5 ha per TLU, which is very close to the

estimated load capacity for the region. Nevertheless, it is well known that these livestock
herds are unequally ditbuted in the area and tend to stick close to water points: boreholes,

ponds, lakes and the Senegal River and its tributaries.

In areas of high livestock concentrations in the Koulikoro Region, overgrazing rapidly sets in
especially given the massiveflux of transhumant livestock each year (see Fighr& A
similar situation exists in the Kayes Regio
report for 2005 for this region estimated the fodder needs for local livestock at 2,030,000 tons

of dry matter compared to a total production of 7,000,000 tons of fodder for which over half

is unavailable for the same reasons cited in the case of the Koulikoro f&Bioring the dry

season, livestock in this region as well as transhumant herds are cdedeatcaind Lake

Magui and along the Senegal River.

Results from the PRODESO Project (Western Sahel Livestock Development Project) are very
close to the Jlivestock serviceods estimatior
pastoral routes in thstudy site (northern region of Kayes) at 8.5 TLU/ha. Specifically, the
sedentary cattle herd accounts for a load of 4.5 TLU/ha on its"bifrsmall ruminants,

camelidae and the additional herds that cross the area on a seasonal basis are taken into
accoun, it is evident that the load capacity is often greatly exceeded.

This all confirms findings from the Mali TDA that estimate that the are&®afikoro, Kita,
Kéniéba, Manantaliand the environs of Lake Magui are the most exposed regions to
overgrazng in the Malian part of the basin. The report also observes that livestock density,
and therefore the risk or overgrazing, is moving fromcrele of Diematoward the Boucle

du Baoulé(TDA-Mali).

In the Mauritanian part of the basin, there are threennaeas of high livestock
concentration: (a) the El Aft Reserve in the Gorgol-Babin; (b)Guidimakha (Oued Yey;)

and (c) Trarza (Aoulig depression betwd&ur Macéneand Rosso). The Gorgol region (El

Aft) can host up to 4060% of the livestock in thery seasofi* In Mauritania, the critical

level of overgrazing is reached between December and June. According to FAO statistics
(1993) citedby Corniaux (1999), the Mauritanian livestock is concentrated on the right bank
of the Senegal River, with 33%, %land 23% of the national livestock population ofleatt

small ruminants (sheep and goats) and camels, respectively (FAO, 1993).

As for the left bank (Senegal), statistics from the Directorate of Livestock show that cattle,
small ruminants and camels acat for 25%, 21% and 41%, respectively, of the national
livestock population.

In the upper basin, the Guinean part is the area with a strong pastoral tradition because the
majority of its population is Fula. The nine prefectures in the Guinean part dlagin host

'8 Good rainfall levels were recorded throughout the Koulikoro region in 2005. Recorded rainfall was above the
average forl9712000by 103 0% i n t he r eegclepencdm in Haoulikdroewherenat 10% deficit

was recorded.

9 DNPIA-Mali. 2006. Rapprt annuel 2005le la Direction Régionale des Productions et Industries Animales
(DRPIA)-Kayes.National Directorate of Animal Production and Indust({esIPIA). Bamako February

%0 DIWI Consult International/Sahel Consu®000. Bilan et Impact des réaittons du PRODESO (Phases | et

). Progr amme déinvesti ssement c o mpl ®m2005t ¥Westerm .Sahdti n a | \
Livestock Development Project (PRODESO IlI). Completion Report. December.

%L personal communication, Dr. Moctar Fall, DirectoireBtorate of Livestock, Mauritania.
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onet hird of Gui neads c afourth of the small sumireamsd (thgseu s t
prefectures cover 28% of Guineaods | and area

Immediate causes of overgrazing

Degradation of vegetation cav@ecrease in primary production of biomass and degradation
of the quality of forage) causes a drop in livestock load capacity.

During the dry season, livestock are concentrated in areas where water availability is
independent of whether or not forageavailable in sufficient quantities. Proper layout of
water points in livestock areas would help reduce pressure and therefore, reduce overgrazing
along the river and its tributaries.

Progress in veterinarian medicine and the extension of livestockngtion for the most
common epizooties has led to an extraordinary increase in the number of livestock throughout
the Sahel, including in the four basin countries.

The expansion of agricultural land reduces the size of pastoral areas, and the irrggded a
that border the river reduce livestock access to the river. Access corridors to reach the river
and riverbanks that are accessible to livestock undergo extreme trampling, and thus, exposure
to wind erosion and gullying.

Réseau hydrographique
pérenne

Population d'éleveurs

Maures
Peuls
~Touaregs

Fig. 4. Migration flows ofcattle herds in MaliIDR-Mali, 20022

22 Ministry of Rural Development (Mali)Recensement National du Cheptel Transhumant et Nonféo.
Report. Vol.1. MRD/Planning and Statistics Uriiuropean UnionMay.
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Consequences/impacts

1 Land subjected to intense compaction from herds becomes easily moveable by winds
(wind erosion) and is more vulnerable to water erosion.

1 Pruning trees to supplement animal diets.

1 Conflicts betwen farmers and livestock herders.

1 Changes in the floral composition of grass cover, often in a negative direction.

Possible solutions

Following the example of PRODESO in Mali or experience gained in Senegal from the
SODESP [I(ivestock Development in theSylvo-Pastoral Area Company/Société de
D®vel oppement de | &pastoraleln gans cduld hesmadedmirereaseythev o
number of water points for livestock abaufew dozens okilometers from the river banks.

This would allow for reducing theéme that livestock are along the river and consequently
help in reducing conflicts between farmers and herders resulting from the increase in irrigated
areas.

Another option is to revisit the issue of livestock intensification that could take advaritage

the agricultural byproducts from irrigated crops (tomatoes, rice) and flood recession crops.
Rice straw; rice and sorghum bran; haulm from sweet potato, cowpea and groundnut; sugar
cane molasses and tomato malt could be provided for quality livestedk f

Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range
1  Overuse of pastures | Increase in number of 1 Improved Entire basin
that lose their capacity livestock; veterinarian
to regenerate; 1  Degradation of vegetation coverage for Critical areas:
1  Appearance and cover and its animal load livestock 1 Fouta Djallon;
expansion obowé capacity; (increased herds);
across large expanses §  Expansion of land for crop| 1  Extensive livestock| 1  Mali:
in mountainous areas; farming (reduction in farming system; The north and
1  High degradation of pastures); 1 Low density of east part of the
plant cover; 1  Expansion of irrigated land pastoral water basin particularly
1  Reduction in pasture along the river (reduced points. the cerclesof
areas and increased river access for livestock); Kayes, Diéma,
conflicts related to 1  Prolonged stays for herds Yeélimane,
2 common natural around the rare existing Kolokani;
N resources; water points, ponds and Banamba’, Kita,
© 1  Decrease in available lakes and especially along Bafoulabé;
(@) fodder; the river;
o 1  Damage of crop 1 Influx of transhumant ]
> farming products in livestock. f Area of Magui
@) concentration areas pond anccercle
(lakes, rivers); of Bafoulabén
1 Changes in floral Mali;
composition of plant
cover. 1  Senegal River
valley in the
environs of the
sylvo-pastoral
area and the
Trarza region.
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Possible Priority Actions by Country Matrix

Country Priority Actions Type of Action
1  Development of policies and modalities for 1 Transboundary management plan for
rational transbmance management; livestock;
Mali 1  Application of a regional master plan for pastor|{ Political pursuit ofwater points to reduce
management; pressure on lakes and river.

1  Development and implementation of
management plans;
1 Institution and demarcation of transhumance

corridor.
1  Development of adapted regulation for livestoc|{ Integraton of livestock management and
Senegal management; the irrigation program;
1  Strengthening community management of 1 Strengthen the pastoral water program to
floodplain pastures; reduce animal pressure on the river;
1 Integration of livestock management and the |{ Define a strict land occupancy policy;
irrigation program. guaranteeing livestock access to the river an

Lac de Guiers;

Intensification of ivestock farming.
Application of legislation on transhumance; Integration of livestock management and
o Promotion of a transboundary convention relaj  theirrigation program (intensification of
Mauritania to transhumance; livestock farming);

1  Setting up methods for monitoring and pastd Organization of transhumance;
resources management. Management plan for space occupancy;

Inventory of route areas;

Assessment of capacity load of pastures;

Design the best methods for route
management;

Institution of seasonal closures in highly
degraded areas;

Accelerate the pastoral water point policy
reduce pressure on the river.

== =
= |=
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1.1.5. Bush fires

The highest frequency and intensity of bush fires has been reported in the upper basin,
particularly in the Fota Djallon Massif (see map below). In Guinea, according to the FOSA
report, between 1,500,000 ha and close to 5,000,000 ha of surface area is burned annually
(figures for the 19871994 period) especially in 11 Prefectures, including Siguiri, Dinguiraye

and Dabola, which partially lie in the Guinean part of 8enegal River Basin. For Mali, the

only available data (SPOT images) show that the affected area within the country amounts to
about 9,200,000 ha for 1981P90. These bush fires affect all of thgioms of this country,

but the extent in the Malian part of the Senegal River Basin has not been sg&cified.

The estimated percentage of the volume of wood that is destroyed by bush fires between
Januazr%/ and May in one Sahelian savannah region is betvB&fh and 14%Decleire,
1999)

%3 Ministry of Environment and Sanitation (Mali006.Rapport nati onal sur | 6®t at
Bamako. March.

2 Decleire, Yanek. 1999. Développemerde la gestion des feux de brousse au Sénégal.
GTZ:PSACD.November Sourcewww.fire.unifreiburg.de/GlobalNetworks/Africa/Seneefelux-1999. pdf
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Causes

Some agrepastoral practices used in the upper basin rely on seasonal bush fires. In terms of
agriculture, shifting rice cultivation requires annual clearing of large surface areas of new
woodland. One reason wtiiye is used for clearing is that this can limit weed infestation of
the fields after lying fallow, and ashes from the burning act as soil fertilizers. Herders also
often resort to fires (generally from November to Marth)promote the growth of the
nutritious grass preferred by livestock. Hunters also sometimes hunt their prey using bush
fires. In some cases, fires have preventive uses: setting a controlled fire can reduce highly
flammable biomass to mitigatiestructive fires (Mbow, 20045,

Once it hastarted, the bush fire becomes uncontrolable and can ravage much more land than
intended by the farmer, livestock herder or hunter who started it.
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Fig.5. Frequency of bush fires in the Senegal River Basin from November 2003 to May 2004 (by
Dr. C. Mbow LERG. 2008.

Consequences

Bush fires are one of the main factors of land and ecosystem degradation in the West African
savannah, particularly in the Senegal River Basin. They disturb the natural cycle of plant
mortality and regeneration, and they caws accelerate water (runoff) and wind erosion and
long-term losses from soil erosion (Mbow, op. cit. 2004).

% Mbow, Cheikh.2004. Rapport sur les feux de brousse au Sénégal pour la saison séche de Novembre 2003 &
mars 2004. LERG ( Labor at heiclreen Gédntatigseg and Institut elas tScieaces dd e Re

I 6 Envi r onne maunet Soufcd) @wDine.unifreiburg.de/GlobalNetworks/Africa/SeneeRbapport
Feux20032004.pdf
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Possible responses

Recognizing the fact that bush fires are s
the paradigm in effect over rateyears. This change has entailed moving away from
strategies that exclusively focus on combating bush fires toward strategies that emphasize the
concept of busfiire managemen(iMbow, 2004, op. cit.)

Therefore, possibly the best response to bush fgesot punitive or aimed at a sudden
reduction or end to bush fires in the short term. One alternative approach is to better
rationalize and discipline the practice of bush fires so that justified fires can be set and the
targeted space can be circumsedbThis type of strategy for bush fire management can only
succeed if it is truly participatory and makes local communities accountable. This strategy
would combine prevention (awareness raising, appropriate and deterrent legislation where
needed and alteative agrepastoral techniques), control (in the sense of circumscribing areas
affected by tieridging) and literally combating fires that are unjustified or for which better
alternatives exist (DNCMali, 2006)2°

Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range

1 Land degradation; 1  Farming technique based | 1 = Demographic 1  Upper basin:
1  Loss of biodiversity on burning; pressure; -Fouta Djallon

n (fauna and flora); 1  Early fires for livestock 1 Poverty; Mas_sif

< 1 Water and wind needs; 1  Lack of - Malli

= erosion. 1  Hunting/poaching appropriate

- technique. legislation.

0

>

m

1.1.6. Desertification

The United Nations Convention to Combat Desertification defines desertification as land
degradation irarid, semiarid anddry subhumid areas resulting from climate variations and
human activities.

Climate factors contributing to desertification are high variability of annual rainfall, long
breaks in rainfall during the rainy season, frequent drougtids;Tee most common human
factors of desertification are land overuse, overgrazing, poorly adapted agricultural practices,
deforestation and bush fires. The combined effects of these factors denude the land and
expose it to water and wind erosion.

%6 DNCN-Mali. Problématique des feux de brousse. Impacts et Stratégie deMirnigtry of Environment and
Sanitation (MalijNational Directorate of Nature Conservation.
Source www.malifac2006.org/pdf/feux_brousse.pdf
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Thus, aforestation is the result and consequence of deforestation, land erosion and
overgrazing. Desertification is the final stage of land degradation, resulting from
deforestation, land erosion and overgrazing (TEA).

In the Mauritanian part of the Senegal &i\Basin, desertification mainly affects the marginal
areas surrounding the ecoslyRsM)e msl noft hTer alr azsaior
part, desertification is most intense in terclesof Kayes, Yélimané, Diéma, Kolokani and
Banamba where it redalin rainfall deficits and destruction of flora. (TEMali)

Impacts

Desertificationds mai n i mpact s, whi ch ar e
productivity, declining vegetation formation, loss of habitat for certain species and therefore,
theloss of biodiversity. In addition to these effects on the environment, desertification results

in social costs due to lowered food production leading to food insecurity, malnutrition,
famine, civil unrest and conflicts regarding access to resources.-(T@i

In the valley, one of the greatest impacts of desertification has been the reduction in surface
area of arable | and, pastures and forests act
adverse effects on agricultural productivity and cropdgiéave resulted in:

1 Jeopardized food security and the standard of living for communities;

1 Massive migrations of populations to large urban centers;

7 Difficulties in supplying water for human and livestock needs;

1 Considerable economic losses. (TIRM)

Possible solutions

Within the implementation framework of the United Nations Convention to Combat
Desertification, three of the Senegal River Basin countries (Mali, Mauritania and Senegal)
have developed their National Adaptation Programs to Combat Diestidn: since 2000 for

Mali and Senegal and since 2002 for Mauritania. A-Relgional Program to Combat
Desertification in West Africa and Chad has been available since 1999. However, the
implementation status of these various plan is rather disapmpintin

Given the strong political will to promote cooperation within the Senegal River Basin, it is
possibly foreseeable to conduct an audit of the existing national plans to draw elements from
them to formulate a plan to combat desertification in the SériRigar Basin. Given its
current dynanism, the OMVS could act as an effective framework to implement such an
action plan.
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Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range
1  Decreased land 1  Deforestation; 1 Increasing climate | Localized:
productivity, 1  Bush fires; variability; Mainly in the northern
1 Reductioninarable | §  Erosion/siltation; 1 Overuse of natural | part of the basin.
S land, pastures and q  Rainfall deficits and resources; Critical areas:
= water resources; depletion 6 water 1  Unsuitable land Northeast part of
8 T Loss of biodiversity; resources; tenure plan. Yélimané region;
= 1  Jeopardizing food T Increasingly long droughts easterrpart of Trarza,
= security and standard
[} of living for Environs of the Ferlo.
8 communities; .
a) 1 Rural exodus. Saheliarcercles
Yélimané and Diéma.

Possible Priority Actions by Country Matrix

1  Analysis and monitoring of the wind dynamics

all its components.

Country Priority Actions Type of Action

T Promotion of rational policies to combat 1 Bush fire management plan from a

desertification and conserve lanithin the transboundary perspective;
Mali framework of thdJNCCD 1 Communication for behavior change.
1  Rational use of natural resources.
1 Promotion of a rational policy to combat 1 Land-use planning.
Senegal desertification and conserve land withhe 1 Dune fixation;

framework of thdJNCCD; 1 Reflooding of the flood plains;

1  Implementation of a National Action Plan ] Awareness raising.
developed within the framework of tliNCCD;

1  Promotion of sound land management.

1  Application of priority actions in cooperatio| Rational land management based on a pl
with National Program of Action to Combd{ Awareness raising and education;

Mauritania Desertification; 1 Conduting a survey of dune fixation

efforts;

Development of a program to combat

siltation and erosion;

1l

1 Identification of types of siltation;
1 Mapping of landforms to monitor;
1 Implementation of protocols;

1 Monitoring of wind dynamics;

1 Development and diffusion dfest practices

guide;

=

irrigated areas;

=

Demarcation and rational management of

Development of a communication strategy

1.2. Water supply and quality

Achieving objectives aimed at managing waterways (dams and other investments) is
sometimes compromide when the river regime behaves unexpectedly. This section
investigates whether current trends in supply and quality of surface and groundwater are

likely to constitute constraints for the environment, health and basin development.

However, conductinghis type of analysis is made difficult by the lack of information in the

available studies.
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1.2.1. Water supply in aquifers

Several types of aquifers have been identified in the Guinean part of the basin that share the
characteristic of low flow levelfoften less than 1 liter/second) located at shallow depths (1

10 meters). Water supply in these aquifers often depends on local annual rainfall. These
aquifers seldom supply water, unlike the rivers and streams that makehup popul at i c
primary sourcef supply. These aquifers are only used during the dry season (Kane?2005).

Since these aquifers are generally covered by a relatively impermeable lithologic layer
(recharge occurs through leakage into fissures in the rock), they are exposed to godition
household wastewater or toxic products used in mining (gold, in particular).

In the Malian part of the basin, the average depth of the aquifers falls between 10 and 15
meters. Recharge mainly occurs through inward leakage of rainwater, thouglyeeithm

surface water remains considerable. The links between surface and groundwater in this part of
the basin can have implications on the risks of deepwater contamifratiomuman activity

on the surface.

In the Senegalese and Mauritanian partsingplified analysis reveals three types of layers:

(a) the superficial layers that include the dune layers (low flow) and alluvial layer (betiveen 2
15 meters deep); (b) the Continental Terminal layer that includes the aquifers of Trarza and
the Ferlo (noitt-central Senegal); and (c) the Maestrichtian layer (380 meters deep),
present throughout the Senegat®auritanian sedimentary basin.

Many of the villages in the middle valley are supplied by water from the alluvial layer from
wells 2 15 meters dege

Despite evidence that the superficial layers are fed directly by surface water;sadnding

guestion remains as to whether or not the deepest Maestrichtian layer was fossilized.
Although it has been established that this layer benefitted fromrgeghanderstanding the

sites and mechanisms of this recharge remains uncertain. Studies conducted in the context of

t he Sector al Wat er Program 1in Senegal ai d.
hydrodynamics. It is now generally accepted that in Sanelis aquifer is recharged by

surface water, particularly in the southwest (area of contact between the former basement and

the sedimentary basin) and from the Senegal River valley (see diagram below).

Therefore,from the upper basin to the delta, fage water, particularly from the Senegal
River, recharges the groundwater bédyom the layer just below the surface to the deepest
ones of the Maestrichtian aquifer.

Therefore, the basinbés | ow | evel offechydrauli
conditions for recharging these layers. For example, in the valley (downstream of Bakel),

water supply in the superficial layers depends highly on the extent and duration of flooding in

the alluvial plain. Hence, the sinking of the phreatic and @ental Terminal layers observed

in some places in the basin is explained by a recharge deficit causing a reduction in how much
land is flooded and how long flood plains remain submersed.

“Kane, Cheikh Hamidou & Elhadj Amadou Diallo, 2005
|l environnement des ressources nhaturelles etudes ress
S®n®gal . Projet de Gestion des Ressources en-eau et

OMVS-SRB). OMVS,December.
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Fleuve Sénégal

Fig.6. 2Pgrocess for Maestrichtian layer rechargenfrwater from the Senegal River (COWI,
2001):

The full impact of the inteannual variation in alluvial plain flooding on groundwater is still

not fully defined and is the subject-tersmf addi
Water Program(PLT). In the lower valley and delta, maintaining thges of the Diama

reservoir between 1.5 and 2 meters combined with irrigation and the constant flow in the
distributaries has caused a rise in the piezometric level, on the order of 1 meter (Kape, 1997
This has been confirmed by the SOE report that notes the rise of underground layers in the
downstream part of the valley due to the Diama reservoir water system (SOE, 2005).

That said, overall no cases of dryout of groundwater layers have been dhisetive basin,
affecting, for example, the availability of water resources in wells and boreholes.

1.2.2. Surface water supply

The effects of climate variability and change has seriously affected the average flow rate of
the Senegal River over thestahree decades. As mentioned above, current annual flow (since
1973) only accounts for 25% of what was recorded between 1903 and 1950 and only half of
the average flow between 1950 and 1972. Another way to demonstrate that the Senegal River
has enterednio a phase of chronic water deficits is that 8 of the 10 years with the highest
deficits from 19081992 were recorded during the 1930s.

Another factor that affected the quality of surface water involves the role of the Diama and
Manantali dams. Thesd a ms have profoundly <changed the
Manant al i dam, bui |t on the Bafing, control
flow at Bakel. The role of the Manantali dam is to maintain flood levels and increase minimal

flow. One impatant question examines how Manantali dam management affected flood
conditions in the alluvial plain and thus the practice of floeckssion farming. Based on a

% COWI & Plyconsult. 2001. Estimation de la recharge actuelle du Maastrichtien au SéDeysl. &
PolyconsultMinistry of Mining, Engineering and Hydraulics/SGPRE. August
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period of empirical observations and studies over about 10 years, Rasmuaisg(18995°

identify the two following factors to explain degraded conditions for ficamxession farming
beginning in the 1970s: (a) drought and extreme worsening of climate, particularly in the
1970s and 1980s; and (b) the Manantali dam. Rasmussen et al. obsefoe 3hat the 10
observation years, Manantali management had a negative impact omeftesdion farming

in the middle and lower valleys. Over the course of 1988, 1989, 1991, 1994 and 1996, the
Manantali dam either caused flood peak reduction or redueetbtal volume of water that
should have been available to flood the alluvial plain in a normal regime.

The Diama dam is a redevelopment project for the water system in the lower valley and river
delta. Based on replenishment measurements, its volunes \mtween 250 and 535 million

m>. This quantity of freshwater stored throughout the year enables irrigation of 100,000 ha of
double cropping (filling up to 2.5 m IGN) and improves conditions for filing up and
maintaining water supply in the depressioh$ac de Guiers and th&ftout-esSahelj which

supply a portion of the water for the cities of Dakar and Nouakchott.

Irrigated agriculture, the sector that receives the most surface water withdrawn from the river,
still remains relatively undevelopedesls than 70,000 ha of irrigated land is cultivated
compared to a theoretical availability of 375,000 ha. This means that the level of surface
water withdrawal is still limited in the basin. Although hydroelectric energy production is not
regarded as consung water, it requires a specific hydrograph, sometimes in competition
with the needs of other sectors: fleggtession farming, for example, or ecological needs
(i.e., fish faunaj?

1.2.3. Water quality

Water quality has been altered in the follogviways: (a) chemical pollution (effects of toxic
chemical products such as pesticides and persistent organic pollutants from human activities
such as disposal of pesticides used for agriculture); (b) microbiological pollution (microbial
pollution from houshold and industrial waste disposal into basin waters); (c) eutrophication
(artificial rise in primary production due to increased nutrient availability or inputs, resulting

in reduced dissolved oxygen levels in the water); (d) suspended solids (pattgpesded in

water that can increase due to water activities, erosion, etc.); and (e) solid waste (solid matter
introduced to the water, particularly from various human activities).

29 RasmussenKjeld; Nina Larsen, Fatou Planchon, Jens Andersen, Inge Sandholt & Sofus Christiansen,
Agricultural Systems andransitional Water Management in theeBegal River Basin. Danish ulmal of
Geogaphy 99. 1999, pp: 195868.

% The issue of flooding and flood recession as well as the needs of fish fauna have been discussed elsewhere in
this document.
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1.2.3.1.Water pollution/impacts of mining

Water pollution

In terms of pollution caused by pesticides and fertilizers, the available data are vague
concerning the level of use of these products and their spiesifacts on water qualii.On

the other hand, this kind of pollution has a greater effect in the vakag avhere there is a

high concentration of irrigated and agnolustrial areas: the delta and the lower valley. On
the left bank, serious problems created by the residue of pesticides dumped into the
environment from the drainage water of irrigated crogge been noted (TDAN). On the

right bank, it has also been noted that the development of irrigated rice cultivation has led to
the use of large quantities phytosanitary product§oesticides, herbicides, fungicides and
other chemical products) thatrdaminate the river and the phreatic layer due to runoff (ADT
IRM).

There is no precise information regarding household waste disposal in the river. However,
given the basinds demographic gr owt h, espe
attention In terms of industrial waste, the most notable example is the drainage water that that

the CSS disposes into the Lac de Guiers: approximately 90,000drainage water per day.

This issue is a subject of great concern in Senegal. Yet, the CSS, wtognires that the

water it dumps into the lake has not beentpeated, nevertheless believes that this waste
complies with international standards for drainage witexsGe & Kruskopf2006).

Mining

Relative to water quality in and near mining sitdkgre are more questions than answers.
Areas particularly affected by mining are located in the upper basin. In the Guinean part of the
basin, there are industrial bauxite mining sit€abolaTouguéBauxite Company3ociété de
bauxite de Daboldougué, SBT) and gold mining (Kalinko Gold Mining Compargdciété
Miniére auriféere de Kalinko, SMK and Gagnakali Mining Company/Société Miniere de
Gagnakal). In Mali, the largest industrial golahining sites are in Yatéla and Sadiola (a mine
run by the SEMOS Compa with Anglo-Gold as the principle shareholder).

Along with industrial mining, there is also a widespread and -&iagding practice of
artisanal mining (gold washing) dating back to the-qgoi®nial period. In Guinea, the main
traditional gold miningdcations are: Diatiféré, Naboun, Franwalia, Gagnakaly and Kintinian
(TDA-Mali). In Mali, the main sites for gold washing are eastern Faléa and southwest Faraba.
Gold washing takes place along the banks of the Falémé in the Senegalese part of the basin.

Industrial gold mining can affect water quality because it is based on chemical processes such
as cyanuration and/or the use of other chemical products. To limit surface and groundwater
pollution, the industrial units frequently use secured watertight task&aste receptacles.
Nevertheless, accidents remain a possibility, and managing these tanks once they are full
continues to be a problem. Moreover, the consequences for the environment from cyanide
products can be particularly dangerous if the waste tacies leak.

% Although the baseline study for the environment (OMSSE, 2003) estimates the quantity of fezéli per

hectare based on speculation, neither this study nor the one on the PGIR Pest and Pesticide Management Plan
(STUDI International, et al., 2006) provides specific information on the quantities of fertilizers and pesticides
that are actually used the river basin nor their impacts on water quality.
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In Mali, it is believed that problems related to management of these waste ponds are among
the greatesénvironmental impacts caused by industrial gold mining (GES Conseils, 2004).
Products containing cyanide create disease risks throtmkidation and respiratory disease
among human and animal populations that are exposed to them.

However, the reality and extent of gold mini
been sufficiently documented. The Water Quality Laboratory ofN#onal Directorate of

Hydraulics (Mali) reports on regular monitoring of the gold mines that carry out legal mining

in Mali (case of Sadiola and Yatél&jand until now no irregularities have been reported; the
concerned companies take appropriate measureheir own to avoid polluting local wafér.

Little information is available about the use of mercury in gold washing and its possible
impacts.During the mission to Mali and Guinea, it was not possible to further investigate this
issue, which was n@ddressed either in the preliminary TEA or in the national TDAs.

Causes

Water quality degradation takes on diverse forms, occurring through various processes.
Similarly, direct causes of water quality degradation vary greatly. Natural causes include
those linked to changes in climate and water conditions in general (decreased water
availability and change in river hyddynamics). However, in many cases, changes in water
quality stem from human activities (agriculture, mining, househalste disposalte.).

The underlying factor to human activities that pollute water quieslity lack of education in
health, hygiene and the use of phytosanitary products. This also results from inadequate
organization within the community or even among communes to mguie a viable
prevention strategy by developing systems for waste collection and stagnant water removal or
by promoting setting up a sanitation system for waste water and encouraging extension of
latrines (public and individual) (TD&AN). Another factor a@én involves lack of
implementing measures that sufficiently create incentives or impose restrictions.

Possible solutions

The following solutions to water pollution are noted among the envisaged options:

1 Implement and/or reinforce the monitoring syste o f t he river o6s c |
microbiological water quality. Ideally each of the concerned countries and even actors
involved on the ground (agiiadustries, mining companies) need to equip themselves to
improve waterquality control and comply with pernsible limits for water pollution.

However, a neutral organism such as the OMVS must still play a pivotal role in monitoring
water quality; this will ensure that appropriate preventive or corrective measures are taken

%2 GES Conseils. 2004. Evaluation Environnementale et Sociale StratégapepRo rt  Fi nall Projet d
Sources de Croissanddinistry for the Promotion of Small and Medium Enterprises (Mali). OatoBeurce:
http://66.102.9.104/search?q=cache:hcRQLZNtZ4MJ:www
wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/2005/08/19/000112742 20050819111114/Original/E
10630ENVRapportOFinal0Octobre02004.doc+mercure+cyanure+mines+Fleuve+S%C3%AINQzBbvic
en&ct=clnk&cd=11

33 ocated in the region of Kayes, the Sadiola gold mine has been in operation since 1996. It produced 14.9 tons

of gold in 2002. The Yatela mine, 15 km from Sadiola, has been mined since 2001. The Sadiola mine receives
water fromthe Senegal River through a-BOm t ub e . I n 2002, the minebs (and
consumption was estimated just under 6 millich m

% Abdoulaye KonéDirector, Water Quality Laboratory, DNH: personal communication (July 2006).
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if cases of water degradation startdocur on a transational scale. The idea that the

SOGED will fully equip itself like SOGEM with a laboratory to analyze water resources

points in the right direction. In addition to these planned or implemented efforts for the
Diama and Manantali reservsej the OMVS must allocate the necessary means (possibly

in coll aboration with the relevant nati ona
the rest of the basin and address the possibilities for water contamination from agricultural,
industrialand mining activities.

1 In the context of involving civil society and research structures (Component 5 of the GEF
Project), campaigns to raise awareness among and educate the public are needed in
addition to training for communities and local collectastin managing water pollution
problems.

1 Lastly, it is important to implement suitable measures to dissuade and, if necessary,
penalize polluting. On a national level and through the ratified conventions, the countries
possess the judicial power neededonfront water pollution. Efforts must be centered on
effective implementation of these policies.

1.2.3.2. Eutrophication

The most complete data currently available on eutrophication are on the Lac de Guiers, which
was the subject of a detailed dyuon the biological quality of its water, conducted in the
framework of the Sectoral Wat&rogram(PSE). This study, based on parameters such as
phosperous and nitrogen concentrations and the level of cyanobacteria presence, concluded
that the Lac de Gars presents a clear tretmvard eutrophication, particularly in the central

part where high concentrations of potentially toxic cyanobacteria could eventually cause
problems in supplying safe drinking water. Conditions in the Lac de @uievs water
velocity (given that it is virtually a closed lake), higlyphadensity and disposal of drainage
water from irrigated agriculture (particularly from sugarcénaje similar to those of the
Diama dam (for which no detailed data on water quality is availdb)e chemical quality

of water in the Manantali reservoir does not appear to pose any particular problems at the
moment. Based on water quality monitoring results for the Manantali reservoir, the SOGEM
notes that quality has not undergone any significantifications when compared to the
situation of the Bafing River before filling the Manantali d&m.

1.2.3.3.Suspended dry matter and siltation

Suspended dry matter

Based on previous studies, Gannett Fleming et al., 1980 (Partial Report on the River and
Estuary Regime) measured the total annual suspended sediment load concentrations flowing
under the Faidherbe Bridge in Saint Louis at 900,000 tons per year (reference year 1971 when
the average flow at Bakel was 140G/snbetween July and November). Duritie same

35 This shows ta adequacy of the information provided to the study team on plans to build aqualigy
analysis laboratory within the SOGED.
% SOGEM memo, dated 21 July 2006.
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reference year, the suspended sediment load concentration at Bakal was estimated at
2,100,000 tons. The Gannett Fleming study inferred that the différeh200,000 tond
must have been deposited in the flood plain of the middle valley.

It is wdl known that the sediment deposits in the flood plain play a primary role in the
fertilization of flood land (by turning it into loam) and as a nutrient for fauna (fish fauna in
particular).

During this synthesis of the TDA, no information regardingenécchanges in sediment
suspension load could be obtained. Consequently, it is not known how much the Manantali
dam could affect the river waterodés concentr a
other. However, anecdotal reports maintain thaméxs in the middle valley think that

flooding is less productive now (in terms of crop yields in the flood lands) than it was a few
years ago. It is difficult to say whether this belief corresponds to reality and whether a
possible decrease in productwfbr thewaalo (flood lands) can be attributed to a decrease in
sediment suspension load (silt) in the river water.

The issue of siltation

Siltation of waterways occurs primarily 1in
concern in 19971998 and was then facilitated @dyphacolonization that would trap the
sediment. Currently, the reach between the Diamadat& and the river mouth is silted up
(AGRER et al., Vol. 1, 2003:19). Further upstream, in the middle valley (as, for example, in
West Brakna on the right bank), many waterways connecting the river to flood troughs are
also invaded, thus affecting flood conditions for some flood basins (AGRER et al., Vol. 2,
2003:171). Siltation resulting in accumulated sediment in the waterwayof@®imvasive

aquatic plants that block normal flowyphaand Salviniain particular) and then prevent
water supply to irrigated areas, natur al der
troughs (AGRER, Vol. 1, 2003). In the middle valley, obsdrcases of siltation are
explained in part by the low flood levels in recent years (AGRER et al., Vol. 2, 2003:171).

Concerning siltation in the Manantali reservoir, Gannett Fleming (Partial Report on the River

and Estuary Regime) observed low levels sd@diment transport in the Bafing and
consequently ruled out any danger of aggradation in the future Manantali reservoir, estimating
its |Iifespan at 450 years (estimated period
sedimentary deposits obsedvat the time). The heads of SOGEM have confirmed that the

actual siltation rate in the Manantali reservoir is insignificant.

Consequences/impacts

Siltation in the deltads waterways negati ve
Mauritania, at last thredifths of irrigated areas are fed in part by streams subject to
fluctuations in the Diama dam water system. Many of these streams are silted up, which is
further exacerbated byyphacolonization. Efforts to combat siltation of waterways, often

carried out in conjunction with combating invasive plant species, proved extremely
expensive. The program initiated by Mauritania in recent years to cohypatthrough

weed cutting cost 1 million ouguiya (or 4000 USD) per ha cleared and 2000 ouguiya

(8i 10 USD) per m of clearing. Therefore, efforts to clear Typha by cutting in Mauritania
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consumed more than 900 million ouguiya (3.6 million USD) between 1999 and 2002 and
more than 5 billion ouguiya (20 million USD) between 2002 and 2005.

Causes

The waterways receive water from three types of inflow: (a) inflow from decantation of the
riverods sediment | oad; (b) I ateral contri
due to intense rainfall, steep slopes and degraded vegetation covér) enfidws from wind
deflation (AGRER et al., Vol. 2, 2003:172). These processes are exacerbated and amplified in
cases where abundant aquatic vegetation exists and traps the inflows. This last scenario (c)
especially affects the delta and middle vallesile the first (a) affects the middle valley

more and the second (b) the upper valley and upper basin (see below: Riverbank erosion).

but

Environmental Impact Matrix

Problem Symptoms/Effects Immediate Causes Root Causes Range
1 Reduced effectieness | §  Ongoing degradation of 1  Higher Entire basin
of flood conditions in fragile areas and upstrean demographic
flood plain, ponds and mountainous areas; pressure in the
irrigation canals; 1 Climate change (rainfall basin and Critical areas:
1  Reduction in surface and water deficits); excessive 1  Tributaries from
area of wetlands and | §  Land degradation and deforestation; the Bafing in
drop in their functions erosion; 1  Unsuitable Fouta Djallon;
c and beneficial uses; i Riverbank degradation; management of 1 Lower valley and
o 1  High sediment load f  Degradation of drainage livestock land; delta.
T and bedload in basins due to demographi{ 1 Lack of basirwide
= waterways, hence pressuresjemand for soil conservation
0p)] formation of sand wood and expanding and protection

banks and giant agriculture; practices;

whirlpools,and f  High levels of solid 1  Degradation of

riverbank erosion. transport; erosion; vegetation cover.

1  Proliferation of invasive
aquatic species.

1.2.3.4. Changes in the estuarine hydrodynamics

The Senegal Rer estuary has undergone serious changes in its hydrological dynamic. The
first major disturbance was the construction of the Diama dam, about 30 km from the mouth
of the river. Before the dam, the river estuary alternated between freshwater and seawater
depending on the season. In the rainy season, with the arrival of the flood, the freshwater
invaded the estuary before flowing into the ocean. In the dry season, when the river flow
subsided, the sea invaded the estuary and overtook the river for 10@anibeven up to

100 km. Tidal fluctuations can be felt as far Beghé about 400 km upstream (Gannett
Fleming, Partial Report on the River and Estuary Regime, 1980). With the Diama, the
saltwater wedge no longer flows upriver and the water is permarsaityyupstream of the

dam, while the Diama reservoir, over 100 km long, is full of freshwater year round.

The second major hydrological disturbance to the estuary resulted from the October 2003
opening of aoverflowc hannel ( al camal deddéstaged) tohne tfihe Lang
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Barbarie, 7 km downstream of Saint Lou&hiam, 2008"; Diatta, 2004%). The Langue de
Barbarie is a strip of land about 30 km long with an average width of 100 m. It seplaeates
Senegal River and the ocean and defined themeath of the river, 30 km downstream of

Saint Louis. Consequently, the saltwater wedge from this mouth was slowed down and the
transmission time for tidal movements to the river water system was somewhat delayed. The
channel, opened in October 2003, chahtes situation. Even though initially it was just 4 m

wide, (and 1.5 m deep), it has not stopped widening toward the south and has now become the
new mouth of the river (Thiam, 2005; Diatta, 2008)e time for tidal propagation in the

lower river deltais quite rapid. The consequences of this phenomenon on water quality and
housing and construction safety in the lower delta are still not fully understood, but deserve
considerable attention. One of the remaining unanswered questions is why the cmdikeel, u
what has happened before, did not close back up, but on the contrary, continued to widen.
Gannett Fleming et al., 1980 (Partial Report on the River and Estuary Regime) point out that
in the past, the ocean frequently opened up a channel acrossningel@de Barbarie. This

report listed 16 breaches between 1850 and the early 1970s. However, these channels quickly
closed up after they had been opened.

Environmental Impact Matrix

Problems Symptoms/Effects Immediate Causes Root Causes Range
1  Drop in surface water | Drop in frequency and 1  Lack of water quality | Entire basin
hydraulicity; duration of flooding of standards and
1 Sinking of superficial alluvial plain; harmonized laws and| Critical areas:
aquifers; 1  Changes in the river regime regulations on water; | 1 Senegalese
71  Degradation of water by the dams; 1 Non-application of Mauritanian
quality; 1  Proliferation of invasive regulations on water sedimentary basin
1 Negative effects on species; pollution; (valley sector)
> fauna and flora; 1  Pollution from household f  Rainfall deficitdue to | Auriferous areas
'C—E 1  Disposal of nutrients wastewater; climate change; (example: industrial
S and pesticides, hence| {  Pollution from mining (gold) | 1  Flood-peakreduction and artisan)
o increased residues; by the dams; 1 Senegal River
° eutrophication; 1  Untreate drainage water 1  Continuity between delta (drainage
% 1 Drop in quality of disposal from agriculture surface and water) )
> environment ad (agreindustry and irrigation). groundwater, making | 1 Lac de Guiers
ol invasion by aquatic the latter vulnerable | Estuarine area
o plants. to pollution; due torecent change
(:/S) 1  Demographic growth; in hydrodynamics
— 1 Urban growth along (Langue de Barbarig
g the river; channel)
@ 1 Insufficient education
; and awareness raisin
for communities;
1  Lack of rigorous and
coordinated
monitoring/control of
river water quality.
3" Thiam, El Hadji Ibrahima2 0 0 5 . La probl ®matique des e&énggaldouces

| 6exempl e de | aDEA®issertatbn. UNESQQIUCAD @haison Integrated Management and
Sustainable Development of Coastal Regions and Small Isld@isD & UNESCO.

¥ brahi ma Diatta. 2004. L 6o uueede Bambarie (Sdifiouis du Sdnégalic h e
Les autorités publiques et les conséquences de la ruptasters thesis in Geography. UFR. Letters and Human
Sciences/University Gaston Berger of Saint Louis.
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Possible Priority Actions by Country Matrix

Country Priority Actions Type of Action
1  Improvement of knowledge base on water 1  Restoration/installation of key hydrometrid

Guinea availability (inventory: water demand; databas stations;
and goundwater control); 1  Diagnostic study of basin;

1  Update general plans for water management; | §  Implementation of various laws in force in
1  Development of a master plan. the sector and capacity building;

1  Promotion and extension of alternative
technologies in drinking water supply
systems.

Mali 1 Improved monitoring of water quality and 1  Rigorous monitoring of water quality;
improved compliance with water policy 1  Effective implementation andrengthening
regulations. as needed of water pollution regulations.

1  Improve information on flood release 1 Forecasting model for flood release;
Senegal downstream of Manantali; 1 Finalize the vater quality standardSNS);
1  Manage dryweather levels and flow; 1 Strengthen water quality control (Lac de
1  Ensure better control of water quality. Guiers);
1 Management plan for flood release;
1 Accelerate construction of an effluent fron
the delta.
1  Promotion of policy for water planning and 1 Technical studies;
management; T Awareness raising and education;
Mauritania 1  Development of suitable model for water ] Establishment of standards;
allocation to enable groundwater recharge; | Best practices code for water use;
T Strategy to improve methods in water 1 Monitoring of soil water content profile;
management; i Implementation of environmental policy
1  Application of legislation related to the use of and regulations;
pesticides; 1 Awareness raisipfor farmers;
1 Controlcontamination and wastewater disposgq Research laboratories for monitoring wate

and control the use of felifiers and pesticides.

quality.

1.3. Invasive species

Harmful invasive species refer to species (animal, plant or rorganisms) that invade a
new space causing negative impacts on biodiversity, agriculture amd ptbductive

activities, health, etc. They can also involve native species that proliferate in new proportions
due to disequilibrium in the ecosystem.

Over the last decade, invasive plant species have grown at an extraordinary rate in the river

basin, @rticularly in the lower valley and delta. These species were mainly régolsa@nd
Phragmite$, kariba weed $alvinia molestpand water cabbag®ictia stratiote¥. The total
surface area invaded by plants was estimated at just over 100,000 ha {{$@&)2005). In
less than 10 years, harmful aquatic plants have invaded most of the active waterways.

Therefore, the proliferation of harmful aquatic plants is one of the most serious environmental

problems in the Senegal River Basin, not just in ternts lofe

ecological and socieconomic impacts and the difficulty of its eradication.

1.3.1. Typha australis

A

phenomenonads

exte

Typhais a native species in the Senegal River Basin. It is well known in local languages
(barakh in Wolof), and is presence has been documented in the valley from at least the
1950s. Because of the creation of new hydrological conditions favorable to its development,
Typhahas undergone a sudden spread over recent years.
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For the 100,000 ha of land coveredibyasive aquatic vegetation in the Senegal River valley,
it is estimated thatyphaandPhragmitesdominate 62,700 ha with the remaining land (37%)
occupied by various invasive species. Today (2006), it is estimate@yjpladoccupies more
than 100,000 K4 by itself and continues to spread at a rate of 10% per year (SOE, 2005).

Currently, the basin area most affectedTlyphaincludes all the banks of the Senegal River

and the delta as far as Dagana, covering close to 200 km. It is estimated that 95% of the
waterways of the large developments in the delta are colonized by wide stiigphat The
impressive expanse dfyphacovering most of the Diama reservoir water system has been
compared to a fAgiant carpeto r ol Ibersg g003.ut a
Typhaalso proliferates in the marshy part of the Djoudj National Park and the northern part of
the Parc du Diawling; most areas of stagnant water including the Lac de Guiers and the
former Taouey linking the lake to the river up at Richardl Winere riverbanks have been
completely invaded byr'yphg and Ngalenka (west of the department of Podbyphais

moving further and further up river and has now reached Tekan€agutl, where it grows in

the canals of thécoum Gleita rice growing area3he report presented by the Malian
delegation of the startp workshops for the Restoration of River Basin Hydraulic System
Study Etude pour la Restauration du Réseau Hydrauliqgue du Bassin du Fleuve)
Nouakchott in October 2002 even pointed out tles@nce o yphaimmediately downstream

of the Manantali dam sit®. The SOGEM confirms that today, not only ddgghacontinue

to be present downstream of Manantali but appears to occupy increasingly more terrain, with
the estimated colonized space occupya strip of 3 ha on the banks of the Bafing RiVer.

Causes

Typhawas present in the valley, though relatively undeveloped, before the Diama dam was
put into operation (1986). In the early 1980s, relatively significant stands of this species only
exiged in the Lac de Guiers. This lake underwent water control developments including the
bridgedam at Richard Toll built in 1947, the Keur Momar Sarr levee built in 1956 and, later,
the digging of the Taouey canal and installation of sugar cane plots.cigaited hydro
ecological conditions favorable #yphadevelopment and explaiigypha®d s pr esenc e
proliferation in the lake in the early 1988sThese same conditions would be created later in
the lower valley and delta by the Diama dam. Curiesgituctions for management of the
Diama reservoir that involve maintaining the water system at a consistently high level for as
long as possible creates ideal conditions Tgpha development (AGRER et al., Vol. 1,
2003:20).

Since this appeared aft&yphadevelopment in the Lac de Guiers and followed its sudden
rapid spread since the opening of the dams, the root cau$gpbh proliferation is the
regularization of the Senegal River regime.

% personal communication from SOGED.

40 Communicain annexed in the Stamp Workshop Official RecordsAGRER et al., 2003Etude pour la
Restauration du Réseau Hydraulique du Bassin du Fleuve Sénémahkchott, 228 October 2002.
OMVS/SOGED.

“I personal communication from the SOGEM Head of the Mandbitdlion (22 July 2006).

c

42 |nstitut des Sciences de6 Envi ronnement . 1983. Le Lac de Gui er s.

DéveloppementAGCD. Brussels.
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Consequences

One of the immediate consequenced gbhaproliferation is the cloggingp of waterways,

which, right now, could compromise the potential of 100,000 ha of irrigated land in the delta
and lower basin. Besides invasion of waterways (analyzed in detail abioy#)a also
negatively affects fishing activés and also provides sites for mosquitoes that transmit
malaria and mollusks that are the intermediary hosts of bilharzia (waterborne diseases are
analyzed below)Typhaproliferation also harms biodiversity becadsghatends to grow in

dense homogenouand therefore monospecific, stands.

Possible solutions forypha

Two series of options to contrdlphahave been distinguished. First are those focused on the
symptom and consist of eradicatifiypha stands. Right now, these methods seem to be
favoredin the Senegal River Basin. Thus, great efforts have been made in Senegal and
Mauritania to conduct mechanical control, especially weed cutting. This form of control has
the major inconvenience of often being extremely expensive:

1 Experiments conducted dnhe ri ver 60s | eft bank in Senega
show that it takes 6 to 10 hours of work by a weed cutter to clear one hectare invaded by
Typha(average biomass dfypha 100 tons per hectare). (AGRER et al., Vol. 2, 2003:
126).

1 Irrigation @anal drainage is not only costly (close to 9,000,000 FCFA or 18,000 USD billed
to the SAED per cleared kilometer), but rapidimeasion of cleared areas often occurs
(AGRER et al., Vol. 2, 2003:127).

1 This mechanical control can be combined with promagiog economic valorization of the
collected vegetation: used as fuel (miethanization or charcoal product!dn or as
material for construction, making paper, etc.

To make mechanical control efforts viable over the long term, the possible economi¢ uses
Typhabiomass were reflected upon: as a building material (fencing), in artisan industries, as a
windbreak or as fuel.

In addition to mechanical control methods, there are those that try to recreate hydrological
conditions that resemble the naturajinee. Hence, for théac de Guiers, the AGRER study

recommends that the | akeds water system be \
meter s. From this studybés perspective, t his
invasive vegetatonccupying the | akebs shores (AGRER e

Lastly, there are approaches that recommend combining mechanical control with
interventions to the river regime. The PDIAIM environmental impact study (Mauritania)
suggests a temporary dryoutat the very least substantially lowering (greater than 1 meter)
the water system for several weeks to impr@wygha control (AGRER, 1998, op. cit.).
Mechanical control would take place during low water. It was also highlighted that this
approach makes jgossible to kill two birds with one stone: lowering the water system is also
beneficial in controlling pests and, in particular, mollusks and other intermediary hosts of
diseases. The AGRER study proposes the same thinking by estimating thaerzh
dryout is necessary so that dredt biomass on land can be eliminated by burning. Even

43 Estimates indicate that approximately 3.3 tons of dry mattéFyphaare needed to producen® ton of
charcoal (AGRER et al., Vol. 2, 2003:167).
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there, authors of the AGRER study fear that once water is returned to the treated areas, the
development oTyphacould accelerate (AGRER et al., Vol. 2, op. cit., 20Q3).

All of this demonstrates the enormous challenge poseblypkafor the development of the
river basin and the protection of its environment.

1.3.2. Salvinia molesta

Reports claim that the introduction $&lvinia molestan the Senegal River ay occurred
accidentally, first in the village of Khor (near Saint Louis) where it was cultivated
experimentally along the river by a village inhabitant at the request of a botanist who foresaw
its promotion in the valley as livestock feed (AGRER et\ahl. 2, 2003:120). Because of

high water, the species proliferated very quickly. THsalvinia molestaobserved for the

first time in the Senegal River delta in 1999, rapidly colonized th&ndGtretch located
between the Diama dam and Rosso (AGRE&.eVol. 2, 2003:120).

One of the economic consequencesSalviniaproliferation involves fishing; it is estimated
that fishermen in areas invaded by these species have lost up tothths of their regular
fishing income (Hellsten, et al., 200%).

CombatingSalvinia molestan the Djoudj National Park required mobilizing a unit from the
military engineers, the local population, a supporting NGO and the park rangers, or close to
200 people for more than 600@urs of work with significant logistit@lemands (over 5000

liters of fuel). This effort enabled extraction of more than 25,080frSalvinia molesta
(AGRER et al.,, Vol. 2, 2003:147148). This experience demonstrates the exorbitant
economic and social cost society must bear to confront irevapercies.

However, the most convincing results were obtained through biological control in 2001 with
the introduction of the insedCyrtobagous salviniaga natural enemy oSalvinig. This
method has enabled a rapid regressioSalfinia molestan the delta where it is present but
apparently in equilibrium with its natural enemy.

1.3.3. Pistia stratiotes

At the end of the 19808®istia stratiotesvas only present in the river valley in the form of a
few individual plants drifting wherever the widdows them along the river (Thiam, cited in
AGRER et al., 2003). In 1989, it was noted in the Djoudj National Park. Beginning in 1992, it
would proliferate in the lower valley and delta after priming the Diama dam and become one
of the top major ecologicalroblems (AGRER, op. cit., 2003).

The environment al nui sance caused by this
that block river navigation (affecting transportation and fish) and obstructs water circulation
in drainage and irrigation calsachoking any life forms in the water.

4 Hellsten, Sepo; Anne Tarvainen; H. AhoneM. Visuri; M. Kettunen; V. LathelaO. Varis. 2003. Policy
Research to Identify Conditionsrf Optimal Functioning of theehegal River Ecosystem in Mali, adritania
and Senegakinnish Environment Institute (SYKE). March.
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Once again, introduction of the insé¢eohydronomus affiniatural enemy oPistia) can
control progressionf this water cabbage.

1.3.4. The issue of water hyacinth

The baseline study on the Senegal RivasiB environment (SOE, 2005) reports the presence
of water hyacinth in the Manantali dam. However, after verification from SOGEM, it appears
to be nothing, and thus far, no water hyacinth has been present in the Mananfaliveéam.

the fact that the NigeRiver Basin has been seriously affected by water hyacinth justifies the
need for intensified vigilance in the Senegal River to protect the basin from this formidable
invasive species.

Conclusion

The issue of invasive aquatic speciPss{ia, Salviaand especiallyTyphg poses one of the

greatest challenges for the development of water resources in the Senegal River Basin and
conservation of its biodiversitynvasive plant proliferation has clearly been fostered by the
presence of nutrients (sufficiequantities of nitrogen and phosphorous), calm waters, low
currents and prevention of the-flpw of saltwater (AGRER et. al., Vol. 1, 2003%)These

factors are due to large infrastructure projects: the two large reservoirs upstream (Manantali)

and downseam (Diama) and their connecting structures (levees, irrigation systems) that
toget her have changed the riverds hydraulic
2003)#

Overall, besides their immediate and visible s@gonomic impactsnvasive spees affect
the ecological stability of colonized river systems, the Senegal River Basin in this case.

Until now, the most convincing resuliisr combating invasive aquatic species in the Senegal
River have been biological meariseohydronomus affinigo control Pistia stratiotesand
Cyrtobagous salvinaéo control Salvinia molestaFor Typha many means have primarily
centered on the symptom (eliminationTofphastands). Despite the mobilization of colossal
funds for mechani cals banksrin Maoritaniaoand Semegdlyphd h e r i
continues to pose an enormous challenge. Although they are mentioned more and more,
possible solutions based on recreating hydrological conditions close to the river regime before
the dam have not been tried ydence, it is believed that the idea of allowing seasonal tidal
fluctuations in the water system and/orid8-2nonth dryout of the areas affected by Typha
could control the development of this species much more effectively. For example, AGRER
et al. estimate that maximum variations in the water system (of Diama) could block the
development of aquatic plants and improve water quality (AGRER et al., Vol.1, 2003:19).

“5 personal communication and written memo from the Head of the Manantali Division of SOGEM (21 July
2006).

6 Groupement AGREFSERADESETICO. 2003. Etude pour la Restauration du Réseauadljgue du Bassin

du Fleuve SénégaReport. Phase I. Vol. 1. Main text Part. OMVS/SOGEDMarch

4" Groupement AGREFSERADESETICO. 2003. Etude pour la Restauration du Réseau Hydraulique du Bassin
du Fleuve SénégaReport. Phase 1. Vol. 2. Main tex{Part. OMVS/SOGED. March
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Fig.7. Situation of aquatic vegetation in the Senegal River delta and lower valley ineD2@01
(Source: Water maps, OMVS).

Environmental Impact Matrix

(monospecific stands),

Bafing.

Problem Symptoms/Effects Immediate Causes Root Causes Range
8 1 Rapidincrease in 1 Modificati on|f Dams/regulationof| The entire river valley
‘o colonized areas by hydraulic regime (lack fluvial flow; downstream of
() invasive aquatic of/low tidal fluctuation); 1  Irrigation Manantai,
% species, particularly, | 1  Water softening (blockag agriculture
o Typha of saltwater ugiow; (nutrients in Critical areas:
> I Cloggingof 1  Development of irrigated drainage water) 1 Delta area;
0 waterways; crops and nutrient disposa f  Lower valley
‘g 1  Obstacles to fishing in the river (Lac de Guiers);
c activities; (nitrogen, phosphorous). 1 Middle valley
— 1  Creation of sites (betweerDagana
o favorable to malaria or, and Kaedi)
o= bilharzia vectors; 1  Downstream of
8 1 Decreased biodiversity Manantali, on the
o
D
o
o

Possible Priority Actions by Country Matrix

Country Priority Actions Type of Action
1  Development ofuitable measures to combat |1 Technical studies
Senegal aquatic plants; 1 Management plan;
1 Intensification of investigating the possible use|| Capacity building.
removed aquatic plants and their economic
development;
1  Management of floodplains.
1  Developnent of suitable measures to combat |1 Water management plans;
Mauritania aquatic plant invasion; 1 Capacity building;
1 Intensification of investigating the possible use|| Pilot actions and preventive measures;
removed aquatic plants and their economic  |{  Diffusion of results from successful
development. experiences.
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1.4. Waterborne diseases

Waterborne diseases refer to diseases that develop following changes in the water regime
and/or quality. The most prevalent waterborne diseases in the Senegal River valley are
malaria, bilharzia and diarrheal diseases. River blindnemsschocerciasis), which was
endemic in the upper valley (regions of Tambacounda in Senegal, Kayes and Koulikoro in
Mal i and the Guinean part of the basica) i s
level having become stable or in regression.

Bilharzia

Bilharzia or schistosomiasis exists in two forms in the Senegal River Basin: the urinary form

and the intestinal form. Urinary bilharzia causes urinary lesions that can lead to destruction of
the kidneys. Intestinal bilharzia manifests in the form of diarrhea and bloody feces and can
cause serious lesions on the organs, possibly leading to death (Diop and Jobin, 1994).

Urinary bilharzia was present in the four basin countries before the damas Inot very
widespread in the delta but had high prevalence rates in the middle valley (Podor, Matam) and
the upper basin (Bakel, Kayes, Bafoulabe, éfc.).

Intestinal bilharzia was unknown in the Senegalese and Mauritanian parts of the Senegal
River vdley before the dams. Its presence in the upper basin was limited to just a few
households. In Senegal, the first cases of intestinal bilharzia appeared in 1988 in Richard Toll,
or two years after the construction of the Diama dam (SOE, 2005). Todayinadtegharzia

has become a major public health problem throughout the delta, particularly where records
note prevalence rates on the order of 90%, and even 100%, for children and extremely high
infestation rates in the Lac de Guiers area. Currentlydibease has been found in Keur
Momar Sarr in the Louga region (TD3N).

The outbreak of intestinal bilharzia three years after the dams were activated clearly indicates
a causal link between the high prevalence of this disease and modification oéthregime.
Specific factors that have contributed to the development of bilharzia in epidemic proportions
include: reduced salinity; maintaining the water system at a stable level; and the development
of aquatic plants on the banks. These different fadtaree come together at the Lac de
Guiers, creating a favorable setting for mollusks transmitting bilharzia {SMA

Malaria

Before the opening of the dams, the malaria transmission season was short (the rainy season)
with irregular spatial distributionEndemicity was low in the delta, which recorded low
rainfall, medium in the middle valley and fairly high in the rainy upper valley. The disease
especially occurred during the period between the end of the rainy season and the beginning
of the dry seasofSeptember to November) when anopheline mosquitoes reached their peak
density of bites. However, this epidemiological profile has changed somewhat because now a
second outbreak of malaria occurs in the valley between December and May, or at the time of
off-season crop farming (TDAN).

“8 Diop and Jobin, 1994
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With the opening of the dams, the highest prevalence of malaria was linked not only to the
fact that the anopheline mosquito that transmits this diséaspleles gambiddnad become

a better vector, but also another amelne subkspecies Anopheles funes)isone of the
greatest transmitters, has been highly present in the area sinde2Q@99a presence that
would turn out to be linked to the dams (THS8!).

Fields of irrigated crops, invasive aquatic species anghatda water throughout the year
create the ideal conditions for the development of anopheline mosquitoes.

Diarrheal diseases

Diarrhealdiseases are the greatest cause for medical consultation almost everywhere in the
river basin, and particularly irhé valley (on the right and left banks); malaria and bilharzia
are the second and third causes.

Diarrheal disease prevalence is linked to the quality of water for domestic use that is mainly
supplied by the river and ponds. In addition to this is therimis lack of a drinking water
supply system, sanitation infrastructure, and behaviors that negatively affect hygienic
conditions (TDASN).

Guinea worm disease

Guinea worm disease (dracunculosis) is transmitted to humans through drinking water
infectedwith miniscule crustaceans called cyclops. Guinea worm disease is rarely fatal but is
highly dibilitating. The areas with the highest prevalence are those without an adequate
drinking water supply system (Diop and Jobin, 1994).

Animal diseases

In 1987 after a particularly heavy rainy season, a Rift Valley fever epidemic was declared in
the area surrounding Rosso near the Diama dam {$NA In Mauritania, Rift Valley fever

and hydatidos® are among the livestock diseases that have emerged over reaent§he

fever continues to be present in the basin. In 2002, 12 sites of Rift Valley fever were reported
in Mauritania, including 2 in the lower and middle valley of the Senegal River. At the same
time, epizootic disease sites were observed in the degait of Podor and Dagana (left bank

of the Senegal Riveralley) (SOE, 2003). A waterborne liver disease affecting livestock was
reported around the Lac de Guiers where it was very destructive.

Impacts

Waterborne diseases are actually the impactsafrclyes i n the riverds
and its biophysical environment: proliferation of aquatic plants; degradation of water quality,
etc.

High prevalence of waterborne diseases results in the following consequences: (a)
diminishing the work capacityf the rural population, which negatively affects goals to

“9n particular, see the PDIAIM environmental assessment study in Mauritania (AGRER, 1998).
* Hydatidosis or hydatid cyst manifests itself as a pocket full of liquid attached to organs such as tedjver,
or heart. The membrane that covers this pocket is a parasitic larva that creates the disease (tapeworm).
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develop basin resources and thus, development in general; (b) low academic performance
among children; and (c) high health costs for populations with already limited resources.

Possible solutions

Possible classic solutions to these types of health problems are:

1 Health education for communities;

71 Diagnosis and treatment, particularly with strengthened health infrastructure and
epidemiological monitoring;
Preventive measures such as promotingieeof impregnated mosquito nets;
Improved availability of drinking water for communities and access to sanitation
systems; and
Larva treatment in infected areas.
In addition, a more difficult solution to implement consists of creating hydrological and
biophysical conditions that are less favorable to the development of waterborne disease
vectors.

T
T

T
T

Environmental Impact Matrix

Problems Symptoms/Effects Immediate Causes Root Causes Range
1  High prevalence of 1 Invasive aquatic plants; 1 Regularization of | Entire basin
waterborne diseases | §  Reduction in water outflows (dam);
2] (diarrhea, bilharzia, salinity; 1  Blockage of the Critical areas:
% cholera, malaria and | ¢  Insufficient drinking water saltwater wedge; | Delta
@© dracunculiasigGuinea supply system and source{ §  Urban population | Lower valley of the
3 worm diseasg) 1 Insufficient access to growth, lack of Senegal River (Lac de
S 1 High rate of morbidity sanitation; sanitation; Guiers)
D) in communities; 1  Failed maintenance for 1 Poverty and poor | Upper basin
c 7  Low work infrastructure; lack of health in vast areas
o productivity; storm drains and refuse of the basin;
Q 1 Low academic treatment centers; 1  Lack of awareness ) .
Q performance for 1  Water stagnationausing raising programs. | 1N€ entire upper basin
< children; an increase in breeding in Mali: cerclesof
; 1 Increased malnutrition sites of waterborne diseas Kayes, Bafoulabeé,
among small children viruses. Kéniéba, Diéma,
and the elderly; Kggllkorc,), Kolokani,
1 Infant mortality Yélimane.
Possible Priority Actions b@€ountry Matrix
Country Priority Actions Type of Action
1  Promotion of a program to combat propagation Education/awareness raising on water an
Senegal waterborne diseases; hygiene;
1  Awareness raising on the causes of waterborn({ Diffusion of drugs.
diseases.
1  Promotion of a water planning and managemel Drug diffusion program;
policy; 1 Awareness raising and @cation on health
Mauritania 1  Development of a suitable water allocation mo and hygiene;
to enable groundwater recharge; 1 Improved techniques;
1  Strategy to improve methods in water 1 Various preventive measures.
management.
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