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A.

CONTEXT

A.1 - REGIONAL CONTEXT
Lake Chad occupies a shallow endorheic basin located in the Sahel region on the southern fringe of
the Sahara Desert. It is the fourth largest lake in Africa after Victoria, Tanganyika and Lake Malawi
(and the sixth largest lake in the world). The lake and its basin currently provide livelihoods to an
estimated 45 million people in 2012 (source LCBC), a figure that could reach 50 million by 2020. For
thousands of years, it has been a hub for development and trade and cultural ties between the
peoples of the northern and southern Sahara. As a migratory waterfowl site, Lake Chad also plays a
role in wildlife conservation, with its rich ecosystems within a markedly arid environment, and is
therefore listed among the Ramsar Wetlands of International Importance. However, the lake's water
level has fallen steadily over the past four decades, with its surface area shrinking from 25 000 km2
to less than 1 500 km2 and its volume decreasing by close to 60 per cent. In addition to the tensions
this creates, there is widespread concern among the inhabitants of the region that the lake could
again disappear, as it has done on past occasions.
Numerous studies have been conducted and much has been written about the problems of Lake
Chad. Various authors agree that the level of the lake has fluctuated considerably during ancient
and recent geological history, primarily in response to changes in rainfall patterns and to rising
temperatures. Indeed, paleontological studies show that at one time in its existence, Lake Chad was
so large that it comprised what is known as Mega-Chad, extending over hundreds of thousands of
km2, while at other times it had dried up completely. Nonetheless, these changes took place over
long periods of time and are thought to have been caused by natural climate variability, as seen in
recent times.
Indeed, in the late 1960s, Lake Chad covered an area of 20 000 km2 with a water level of 282 m
(Olivry et al., 1996) and at that time was a single body of water. The lake's water level is highly
dependent on climate and rainfall onto its watershed. Its large surface area, its shallow depth and its
location at the Sahara-Sahel interface mean that evaporation losses are considerable. During
normal times, evaporation losses are compensated by rainfall in the basin, but global warming in
recent decades has increased evaporation that cannot be compensated with the intake from rainfall.
This change has resulted in a gradual receding of the surface area of the lake over the past four
decades, as can be seen in Figure 1.
The data in Table 1, taken (and adapted) from the study by CIMA International (2012) on transfer of
water from the Congo basin to Lake Chad confirms this fact. It shows the progression of the hydroclimatic parameters of the basin, all of which have changed since 1970 to contribute to lower water
surface extents in the lake.
Table 1: Progression of hydrometeorological parameters of the Lake Chad Basin (LCBC 2012)
Variable
Units
Before 1970
After 1970 Difference
282
280
-0.71%
Average level of Lake Chad
m
3
47
21.7
-53.8%
Contribution of Chari-Logone
km /yr
1
0.47
-53.0%
Contribution of Komadugu Yobe
km3/yr
240
193
-19.6%
Average rainfall (Nguimi)
mm/year
543
465
-14.4%
Average rainfall (N'Djamena)
mm/yr
1 079
958
-11.2%
Average rainfall (Sarh)
mm/yr
1 559
1 419
-10.0%
Average precipitation (Bossangoa)
mm/yr
46
43
-6.52%
Relative humidity (N'Djamena)
%
28
28.7
+2.50%
Average temperatures (N'Djamena)
°C
27.6
28
+1.45%
Average temperatures (Sarh)
°C
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Figure 1: Changes in the surface of Lake Chad over the past five decades (Source: LCBC)
As can be inferred from the data in Table 1, the shrinkage of the area of Lake Chad is due mainly to
the significant drop in water flows feeding it following a general decline in rainfall. However, higher
temperatures and lower relative humidity also play a significant role. It follows that the occasional
increases in the water level of the lake observed during the past few decades after major floods on
the Chari (1975, 1988 and 1996) are quickly absorbed.
Water withdrawals for irrigation and other uses such as drinking water and livestock raising
(construction of the Maga dams mainly in Cameroon and several dams in Nigeria on Kamadougou
Yobe) have a relatively minor impact. According to UNEP GRID, "between 1953 and 1979, irrigation
had only a minor impact on the ecosystem of Lake Chad’’. However, in the 1980s and 1990s, use of
irrigation water has increased dramatically owing to reduced rainfall.
The drop in water levels of the lake and the flow from its tributaries have affected economic
activities in the basin, in particular fishing and livestock. On the other hand, the bed of the lake,
which has become exposed due to the receding waterline, has proved to be favourable for
agriculture and small livestock. The drying up of the lake has forced nomadic livestock herders to
move their herds towards the wetter south, which has sometimes brought them into conflict with
farmers. In addition to this situation, which is causing increased poverty, there are serious
environmental concerns such as soil salinity, invasion of undesirable plant species and an increased
risk of pollution resulting from the use of agricultural chemicals.
The proposed document is based primarily on survey forms filled in by the countries concerned and
the subsequent discussions during visits to the countries and the LCBC. This approach was
preceded by a documentary review to ascertain the state of the art with regard to knowledge on
control and management of the basin's natural resources, particularly its water resources. The draft
document prepared by WMO in cooperation with the LCBC was validated by the key stakeholders in
the process during a consultation meeting held at the LCBC.
Lake Chad-HYCOS - Project document

Page 7

A.2 - CONTEXT OF THE PROJECT DEVELOPMENT
A.2.1 - Institutional framework
The (endorheic) watershed area of Lake Chad is of the order of 2 400 000 km². It is divided
between Algeria, Cameroon, Libya, Niger, Nigeria, the Central African Republic, Sudan and Chad
(Figure 2). However, only Cameroon, Chad, Niger and Nigeria were party to the signing of the
agreement at Fort Lamy (now N'Djamena), on the organization of the Chad Basin on 22 May 1964,
which led to the creation of the LCBC. The initial conventional basin then covered about 20 per cent
(427 500 km²) of the total area of the Lake Chad Basin. It excluded the desert parts of the basin
whose contribution to the hydrology of the basin is zero or negligible. The conventional basin was
subsequently extended as new member states joined. The accession of the Central African
Republic as the fifth member country of the Commission was approved in March 1994, and Libya
joined the LCBC in March 2008. The conventional Basin now covers almost one million square
kilometres.

Figure 2: The topographic watershed of the Lake Chad Basin (Source: LCBC)
The distribution of the basin between the six LCBC member countries is represented in Table 2.
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Table 2: Area and population of the active basin in the five member countries of the LCBC

Country

Cameroon
CAR
Niger
Nigeria
Chad
Libya
Grand total

Population
Population
Population
(in 2012)
Density
(X 1 000)
(in 2012)
2
(inhabitants/km )
3 490 631
68.7
1 162 286
5.3
400 879
0.58
23 095 697
128.8
8 409 023
8.1
?
?

Basin area
2
(km )

56 800
197 800
231 375
205 000
361 980
5 100
1 058 055

Cameroun

C.A.R

Niger

Nigeria

Thad

Libye

36 557 516

Source: SAFEGE report, 2011: In-depth study to identify multi-purpose projects in the Lake Chad Basin
(ninth EDF) - (updated)

The LCBC has a broad mandate that includes preparing, managing and implementing projects for
the entire basin. The contribution to its budget by the States is estimated at more than
6 million euros in 2014, or about 4 billion CFA francs. Member states' contributions to the budget
were: Nigeria 40%; Cameroon 20%; Libya 18%; Chad 11%; Niger7% and Central African
Republic 4%.
The executive body of the Lake Chad Basin Commission is the Executive Secretariat. Based in
N'Djamena, Chad, it is headed by an Executive Secretary. The structure resulting from the 1990
restructuring comprises three departments, whose work programme places special emphasis on
regional activities, including identification and management of water resources in the basin.
Sixty per cent of the LCBC's annual budget is allocated to operational activities and forty per cent to
development. The Council of Ministers is the Commission's supervision and control authority. It
meets annually in regular session to approve the Commission's budget and annual action
programme. The Summit of Heads of State is the Commission's supreme decision-making and
orientation body. It meets once every two years in ordinary assembly.
A.2.2 - Strategic Action Plan
A Strategic Action Plan (SAP) for the Lake Chad Basin was developed by UNDP and the World
Bank in the late 1990s through the LCBC/GEF project to achieve the "Sustainable Development
of the Lake Chad Basin". This plan is the final product of a regional consultation process involving
members of the conventional Lake Chad Basin States, the Lake Chad Basin Commission and some
international partners, with the active participation of scientific experts from various NGOs in the
region. It is a framework document for regional policy that focuses mainly on the seven priority
regional environmental issues identified in the transboundary diagnostic analysis: the variability of
the hydrological regime and the availability of freshwater, water pollution, decreased viability of
biological resources, loss of biodiversity, loss and change of ecosystems, invasive species, and
sedimentation in rivers and lakes. The SAP's objectives include:
•

•

Determining the causes of environmental degradation connected with international
waters and determining priority actions to fill in missing information, rectify political
distortions and institutional deficiencies;
Determining the existing elements in national and regional plans that are intended to
ensure the sustainable development of the basin;

Lake Chad-HYCOS - Project document
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•

•

Defining a series of common priorities, with the highest governmental authorities,
concerning technical reforms, such as the creation of mechanisms for implementing the
various components of the SAP;
Obtaining a regional commitment to the basic programmes and additional programme(s)
required to deal with the priority cross-border problems.

In its recommendations, the SAP lists ten criteria that need to be taken into account in a sustainable
development strategy. The top criteria concern BASIC DATA. It recognizes that integrated
management of the use of finite and vulnerable water resources in the ecosystem must be based on
sound knowledge of those resources. Accordingly the SAP recommends:
•

•

Rehabilitation and development of a permanent network to monitor water, the
environment and the way they are exploited, to provide better knowledge of the way in
which the hydrosystems function;
Dynamic monitoring of water management (floods, droughts, etc.) and regular monitoring
of development works and resources in the basin, using modern integrated data
management tools and simulations to assist decision-making and anticipate possible
crises.

As a follow-up to these SAP recommendations, the LCBC Executive Secretary has requested the
assistance of the World Meteorological Organization (WMO) to formulate a project proposal to
address this issue of "BASIC DATA" which falls under the WMO mandate and within the framework
of its WHYCOS initiative, in the light of which an initial draft Lake Chad-HYCOS document was put
forward in 2006 as a sub-regional component of this programme. No funding was granted for this
proposal to develop the activities. Following a second request by the LCBC, a mission was
organized to N'Djamena, Chad in August 2013 to take stock of the current state of hydrological
activities in the Lake Chad Basin in order to update that document.
The data collected during that mission pointed to a progressive worsening of the prevailing
hydrological situation observed seven years earlier, when the previous proposal document had been
drafted, and showed that the reasons justifying that proposal are still relevant today. The
hydrometeorological monitoring network is almost non-existent, while many technical and scientific
studies attest to the advanced state of degradation of the basin's natural resources. In particular, the
current area of Lake Chad is barely 10 per cent of what it had been in the 1960s. Indeed, it has been
suggested that it could disappear completely and LCBC member states have contemplated a transfer
of water from the neighbouring Congo basin to Lake Chad. A feasibility study was then conducted.
This document is an update of the first document proposed in 2006. It incorporates the earlier
thinking and the current dynamics as well as the various developments that have occurred in the
basin and within the LCBC's Executive Secretariat since 2006. It is based on information contained
in the Strategic Action Plan, the Lake Chad Basin Master Plan and the Lake Chad Basin Water
Charter currently being ratified by the member countries. It also takes into account other projects
with similar objectives under development in the LCBC and in the member countries. In particular,
while based largely on feedback from two other HYCOS projects being developed in some countries
of the LCBC, synergies should be developed between these projects and the Lake Chad-HYCOS
project.
A.2.3 - National and international initiatives
Below is a summary list of some major initiatives brought to bear in the Lake Chad Basin since the
LCBC was set up. Whether already completed or still in progress, all of these initiatives are aimed at
achieving a better understanding of the natural environment of the basin, the phenomena that take
place there and the main trends.

Lake Chad-HYCOS - Project document
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Past initiatives
•

Hydrological studies of the Lake Chad Basin with the support of FAO and UNESCO
(1965, 1971);

•

A series of studies on natural resources of the basin were undertaken between 1968
and 1979, as well as pilot projects for the development of the main natural resources of
the basin;

•

Action Programme 1982 - 1986 with FAO and UNDP support (1981);

•

Action Programme 1986 - 1991 with FAO and UNDP support (1985);

•

Master Plan (1992) for development and the environmentally sustainable management
of the natural resources of the conventional Lake Chad Basin, with the support of UNEP,
the United Nations Office to Combat Desertification and FAO. Some of the principal
objectives are to increase the availability of water and to promote rational use, including
the ecological and socio-economic assessment of water projects.

•

Waza-Logone pilot project undertaken by IUCN and the Government of Cameroon for
floodplain rehabilitation in the Logone River including Yaéré and Waza National Park
(1993 - 1998);

•

Strategic Action Plan "for the Sustainable Development of the Lake Chad Basin"
with support from GEF/UNDP and UNDESA (1998);

•

Vision 2025 of the Lake Chad Basin (adopted in 2000) sheds light on the common
guidelines of member states to preserve the Lake. This vision, which has served as the
basis for the development of the Investment Plan, hinges on the following ideals: "By the
year 2025, the Lake Chad Region would like to see Lake Chad - a common heritage and other wetlands maintained at sustainable levels to ensure the economic security of
the freshwater ecosystem resources, sustained biodiversity and aquatic resources of the
basin, the use of which should be equitable to serve the needs of the population of the
basin thereby reducing the poverty level.
A Lake Chad Region where the regional and national authorities accept responsibilities
for freshwater, ecosystem and biodiversity conservation and judicious integrated river
basin management to achieve sustainable development.
A Lake Chad Region where every member state has equitable access to safe and
adequate water resources to meet its needs and rights and maintain its freshwater,
ecosystem and biodiversity resources."

•

Hydro-Chad project for the evaluation, monitoring and forecasting of water resources in
the Lake Chad Basin through fast access (6 DCPs acquired as part of the project) to
reliable hydrometeorological data for the basin for the socio-economic development of
the region. Unfortunately, not all the expected results of this BADEA-funded project
(2006) were met;

•

The Strategic Action Programme (SAP) for the Lake Chad Basin (adopted in 2008) is
one of the key results of the LCBC/GEF Project "Reversal of Land and Water
Degradation Trends In The Lake Chad Basin Ecosystem". It deals mainly with the
seven priority regional environmental issues identified in the Transboundary Diagnostic
Analysis including:
Lake Chad-HYCOS - Project document
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-

variability of the hydrological regime and the availability of fresh water;
water pollution;
decreased viability of biological resources;
loss of biodiversity;
loss and change of ecosystems;
sedimentation in rivers and lakes;
invasive species.

•

The Priority Actions Investment Plan (2011) for the period 2012-2016, supplemented
by the National Action Plans (NAPs) followed in the wake of the SAP, which is the basis
of the NAP and sets its goals and targets. This is a costed action plan that is clearly
marked in space and time. Its first component, which involves the whole basin, includes
all the actions that will improve understanding of the hydrological behaviour of the basin
and the quality of its waters to develop a sustainable water management strategy;

•

Integrated Water Resources Management Programme for Transboundary Basins in
Africa - Lake Chad Component, the aim of which is "to manage water resources in the
Lake Chad Basin on a regional, sustainable, operational and equitable basis by the
member states of the LCBC (Chad, Niger, Nigeria, Cameroon, Central African Republic
and Libya)". The programme was developed with the support of the Economic
Commission of the States of Central Africa Programme and the EU with funding under
the 9th European Development Fund (EDF/2009/219-259). The project began on
1 November 2009 and ran for 24 months;

•

The Water Charter (2011) sets out to establish a consensus-based framework for
implementing integrated management at Lake Chad Basin level (including the national
portions of six countries: Cameroon, Libya, Niger, Nigeria, Chad and the Central African
Republic) to find a balance between preserving the aquatic ecosystems of the basin and
providing for the water uses of its peoples. It is currently being ratified by member
countries of the LCBC and its implementation will involve numerous studies and the
development of new procedures within the LCBC. In particular, the LCBC Water
Charter obliges each State to organize hydrological monitoring within its national
portion of the basin and requires an exchange of information between countries
and with the LCBC, as the regional basin management institution. This is fully in
accordance with the WMO recommendations in this area, in particular Resolutions
40 (Cg-XII) and 25 (Cg-XIII) on the exchange of data;

Current project and proposed new initiatives
•

LCBC/GTZ programme on "Lake Chad sustainable water management" is the first
direct cooperation between GTZ and LCBC and its implementation is organized into
three phases, as follows:
o

Phase one (August 2005 - December 2007) sets out to implement a management
system for sustainable water resources within the LCBC. It aims mainly at
strengthening the LCBC's capacity to set up and operate a system for the
sustainable management of water resources to improve planning management
between LCBC member states;

o

Phase two (2008-2010) focuses on the application of the system of
communication between the member countries and the management of other
resources;

o

Phase three (2011-2013) provides additional knowledge at the LCBC and the
member states on resource planning and management.
Lake Chad-HYCOS - Project document
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•

The proposed interbasin water transfer involves diverting water from a tributary of the
Congo River to a tributary of the Chari River, to prevent Lake Chad from drying up,
preserve its economic potential and support the development of local communities. This
measure was proposed by the riparian states, for which the LCBC examined two transfer
options in a pre-feasibility study (2012):
A proposed unregulated transfer of about 3.1 km3/year from the Kolto Koukourou,
distributed over the year on the basis of natural hydrology, with a maximum flow
of 300 m3/s in September during the flood period, and no minimum between
February and April.
o A proposed transfer of the Oubangui to the Fafa, regulated by the Palombo dam
(to be built on the Oubangui). The approximate annual volume transferred would
be 2.7 km3/year, distributed more or less evenly throughout the year (between
70 and 90 m3/s).
Expert opinions differ on this controversial project, which is the subject of discussions among
the members of the International Commission of the Congo-Oubangui-Sangha Basin
(CICOS), who question the impact this transfer would have on the Congo River and its
tributaries.
o

•

The "Sustainable Development Programme of the Lake Chad Basin"
(PRODEBALT), which aims to rehabilitate and preserve the production capacity of
ecosystems in the Lake Chad Basin. An important part of this programme, co-financed
by ADB, IDB and WB, concerns aspects related to IWRM. In addition to installing and
equipping some piezometers to monitor groundwater in five member countries, the
project, which will run until 2015, provides for the acquisition of one hundred staff gauges
and ten electronic gauges for monitoring surface water. Project activities are coordinated
by a regional unit that relies on the technical services of the States and the national
chapters of the project that are set up in the five participating countries;

•

The "Preservation of Lake Chad" project, which aims to preserve Lake Chad by
developing operational proposals on the basis of ecosystems and concerted
management of water resources of the basin (funded by FFEM).

•

The "Cartography of the Republic of Chad Water Resources" project, which aims to
support projects performed by other players active in the water sector in Chad by
providing knowledge in geology and hydrogeology and local capacity-building in
analyzing and managing these data (funded by the Government of Switzerland).

All past and recent initiatives recognize the value and importance of hydrometric monitoring,
but no mechanisms for efficiently ensuring any sustainable knowledge for sound
management of water resources have been established. Although not on the Lake Chad Basin
and not implemented by the LCBC, the Niger-HYCOS project has nonetheless contributed to
developing hydrological activities in four LCBC member countries - Cameroon, Niger,
Nigeria and Chad. In addition to relaunching the activities of the NHSs, it has helped to modernize
the system for collecting and analyzing data, strengthening the technical and institutional capacities
through training sessions and providing significant hydrometric and computer equipment to these
countries. It is also worth mentioning the Conference of the donors for the Revitalization of Lake
Chad, held in Bologna, Italy on 4 - 5 April 2014, in which countries and donors endorsed the
LCBC's initiative to go beyond studies and research to launch urgent concrete actions for the
protection and restoration of the Lake Chad Basin Ecosystem and to continue to advocate for the
mobilization of resources to implement the 2013-2017 investment plan.
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A.2.4 - Characteristics of the river basins
A.2.4.1 - Geography
The Lake Chad hydrological basin (Figure 2) covers almost 2.4 million km2 between latitudes 6°and
24°N and longitudes 7° and 24°E. About 60 per cent of the basin lies in an arid zone on the
southern edge of the Sahara desert. The countries concerned are Algeria, Cameroon, Niger,
Nigeria, the Central African Republic, Sudan and Chad (Table 3). However, the LCBC intervention
area concerns the active basin, also referred to as the "New Conventional Basin", which extends
over 967 000 km² between latitudes 5° and 16°N and longitudes 7º and 24º E. The northern half of
the hydrological basin is a vast flat plain lying below an elevation of 400m but from the source of the
Benue River into Nigeria in the east flowing south, the basin is enclosed by a mountainous rim. In
the north is the Tibesti, rising to 3 400 m at the border between Chad and Libya; to the east the
Djebek Marra at 3 020 m; to the south the Adamaoua and Mandara at over 2 000 m; the Jos
Plateau in the extreme southwest at between 1 000 and 1 500 m and the Hoggar in the extreme
northwest at 2 450 m.

Table 3: Lake Chad Conventional and hydrographic basins (Source: Management Plan of the
Shore and the Northern part of Lake Chad (updated))
Country

Area
country
2
(km )

Algeria
Cameroon
CAR
Libya
Niger
Nigeria
Sudan
Chad

2 381 741
475 000
622 980
1 759 540
1 267 000
923 770
2 505 800
1 250 000

Grand total

Watershed
Area
% of basin
2
(km )

Conventional Basin
2
Area (km )
% of
basin

93 641
50 775
219 410
5 100
691 473
179 282
101 048
1 046 196

3.9
2.1
9.2
0.21
29.0
7.5
4.2
43.8

56 800
197 800
162 375
188 000
361 980

5.87
20.46
16.79
19.45
37.43

2 386 925

100

966 950

100

Country's
population
in 2012
(Source:
AfDB)
36 500 000
20 500 000
4 600 000
6 500 000
16 600 000
166 600 000
45 700 000
11 800 000

Population
in the basin
in 2012

Density
(inhabitant/
2
km )

?
3 490 631
1 162 286
?
400 879
23 095 697
?
8 409 023

68.7
5.3
0.58
128.8
8.1

45 000 000

A.2.4.2 - Climate
Paleoclimatic studies show that Lake Chad has undergone significant natural fluctuations in the
past. In the course of the 11th, 12th and 17th centuries, water levels were very high (it covered
340 000km2 and was 160m deep in the late Quaternary), but very low water levels have also been
recorded in the past, particularly during the second half of the 15th century.
The Lake Chad Basin is therefore situated in a range of very different climates, with increasingly
harsh characteristics to the north, to the Sudanese climate with six months of annual rainfall, to the
desert climate with virtually no rainfall. The rainy season is characterized by extreme spatial and
temporal variability in precipitation, while in the dry season there is no rainfall at all. The active Lake
Chad Basin is divided into four different climate zones based on the amount of annual rainfall. From
north to south, these zones are as follows:
•
•

The Saharan climate, with average annual rainfall of less than 200 mm. Nomadic herding
is the main activity of this part of the basin;
The Sahel-Saharan climate, with average annual rainfall of between 200 and 450 mm.
This is the transhumance zone;

Lake Chad-HYCOS - Project document

Page 14

•
•

The Sahelo-Sudanian climate, with 400 to 600 mm of rainfall, associated with mixed
agriculture and livestock activities;
The Sudano-Sahelian climate, with average annual rainfall of 600 to 900 mm and
suitable for maize, cotton, and rice production.

Annual rainfall in the Lake area varies between 200 and 400 mm, while the average monthly
temperature ranges from maximum temperatures of 31 to 39° C to minimum temperatures of 14 to
27° C. Relative humidity is low for much of the year. The consistently high evaporation is estimated
between 2 000 and 2 300mm/year on the Lake.
In recent years, especially since the 1970s, the Lake Chad watershed has been characterized on
the whole by very significant changes in rainfall patterns. In the past 40 years the isohyets have
shifted southward by an estimated 180 km, leading to a considerable reduction in the amounts of
annual rainfall. For example, areas such as Bol on the same latitude as the Lake, which previously
received 300 mm/year, have experienced an annual reduction of about 100 mm. Similarly, areas at
the latitude of N’Djamena have experienced a fall of 200 mm from a total 600 mm/year.
The graphs in Figure 3 illustrate the progression of annual rainfall at a few rainfall stations of the
Basin: N'Djamena in Chad; Maiduguri in Nigeria, Maroua in Cameroon and Bossangoa in the
Central African Republic. Overall, precipitation has tended to fall in the basin since the early 1970s,
as can be seen from the figures. As a result of a slight increase in rainfall recorded since the 1990s,
however, the trend is being reversed in some areas, as evidenced by data from the Bassangoa and
Maroua station, in the same figure.
For the other climate factors, it may be noted that most of the Lake Chad Basin is located in the
Sahelian and desert areas characterized by very high temperatures, very low relative humidity to
very high evaporation (1 500 to 2 500 mm annual average). Temperatures can exceed 43º C in
N'Djamena during April-May against lows of around 12 to 13º C in January. Total average annual
sunshine is around 3 100-3 200 hours in N'Djamena, for a total evaporation of Lake Chad assessed
at between 2 100 and 2 300 mm/year (Olivry et al., 1996).
As elsewhere in the sub-region and other parts of the world, the impact of global warming is leading
to higher temperatures. Thus, there has been an increase in average temperatures of the order of
0.5º C in the basin over the past decades.
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Progression of annual rainfall (mm) in N'Djamena and global trend

Progression of annual rainfall (mm) in Maiduguri and global trend

Progression of annual rainfall (mm) in Maroua and global trend

Progression of annual rainfall (mm) in Bossangoa and global trend

Figure 3: Progression of accumulated annual rainfall and global trend curves
(LCBC and NHSs data)
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A.2.4.3 - Hydrology
Lake Chad is a shallow terminal depression (4-8 m deep in the northern pool to 2-4 m in the
southern pool, with an average of about 1.5 m) stretching along a dune ridge between four countries
- Cameroon, Niger, Nigeria and Chad. Its watershed covers more than 2 400 000 km2 but the
hydrologically active part covers approximately 700 000 km2 including 600 000 km2 for the basin of
the Logon-Chari system shared by Cameroon, Chad, Central African Republic and Sudan's Darfur
province. Its main tributaries/contributors are Komadougou-Yobe to the west and the Chari-Logone
system in the east. The Bahr el Gazal from the north brings very little water (Figure 4).

Figure 4: Lake Chad and its principal tributaries
The Chari-Logone system has a combined basin area of about 590 000 km2 and feeds an
extensive wetland, the Yareres floodplain in Chad and Cameroon, of up to 8 000 km2 in a wet year.
Chari and Logone originate in the mountainous regions of the Central African Republic of
Cameroon, respectively, receiving more than 1 200 mm of rainfall per year. The two rivers, which
alone provide more than 80 per cent of water supplies from Lake, have a tropical regime with a
single flood period to the end of the rainy season between August and November. As a result, the
Lake's highest flood point is between late November and late January and is lowest throughout the
month of July.
The Logone joins the Chari at N'Djamena and they flow together for thirty kilometres to Lake Chad.
The flow rate measured at the N'Djamena TP gauging station since 1932 provides a good idea of
the variability of water contribution to Lake Chad (Figure 5).
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Fig.5: Comparative progression of annual rainfall and annual average flow of the Chari at N'Djamena
(IRD and DREM data)

As can be seen in Figure 5, the annual mean flow of the Chari at N'Djamena, which was of the order
of 1 200 m3/s, fell to around 600 m3/s after the 1970s, a decrease of about 50 per cent. This
reduction is proportionally greater than that of the precipitation over the basin, causing a
proportional change in the surface of the Lake. Thus, watercourses behave as amplifiers of lower
rainfall on water availability in the basin. The data in Table 4 drawn from the summary expert report
performed on the Lake Chad Basin by the IRD in 2013 illustrates this fact perfectly.
Table 4: Average rainfall in the basin and flow of the Chari since 1950 (J. Lemoalle et al. 2013)
Period

Rain basin (Mm/year)
3

Flow (M /s)
1950-59
1960-69
1970-79
1980-89
1990-99
2000-09

1 114
1 059
929
877
974

1 334
1 278
866
561
688
672

Runoff
Volume of runoff
3
(Km /year)
42.1
40.3
27.3
17.7
21.7
21.2

Thus, the contributions of the Logone-Chari system, which were estimated at more than
40 km3/ year from 1940 to 1970, have risen to an average of about 20 km3/year in the course of the
last four decades. However, although in some years there is still a significant shortfall, as has also
been observed in other parts of tropical Africa (Sighomnou, 2004), there has also been a slight
increase in rainfall since the early 1990s. As can be seen from the data in the table, the
improvement in rainfall has not however been accompanied by a proportionate return of runoff, as
already observed in other basins (Olivry, 1993),
The Komadougou/Yobe river forms the border between Nigeria and Niger with a basin area of
148 000 km2, of which 57 per cent is in Nigeria and the rest in Niger. Like the Chari-Logone system,
the Yobe-Kamadougou feeds extensive wetlands (Fadama) covering a total area of about 6 000
km2. The Nigerian part of the basin provided about 95 per cent of the contributions of this basin, but
more than twenty dams with a total storage capacity of more than 3.5 km3 have been built since the
1980s. The Komadougou-Yobe's contribution to the northern part of Lake Chad is estimated at
0.5 km3/year, which represents about 2 per cent of the total.
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Other rivers that contribute water to Lake Chad: A number of smaller rivers exist within the Lake
Chad Basin but they are either seasonal and do not drain into the Lake, or their contribution to the
overall water balance of the basin is insignificant. These rivers include the El Beid, the Yedseram
and the Bartha. Direct precipitation on the Lake, with a total annual volume estimated at 14 per cent
of the total, is another source of water into the Lake.
A.2.4.4 - Lake Chad and its various states
The Lake's natural water balance depends on contributions that come mainly from the ChariLogone system (82 %), from rainfall (14 %) and small tributaries such as the Kamadougou Yobé
that provide just under 4 per cent. The size of the Lake is therefore largely determined by the
water from the Chari-Logone system, including precipitation in mountainous areas around the pool
in the South in Central African Republic and Cameroon, but also by the temperature, which causes
losses by evaporation of around 2 to 2.5 m/year. Lake Chad works on an annual rhythm, with rains
in the upstream basin of the Chari and Logone (May-June) determining the nature of the flood
(August-September) which contributes to filling the Lake (October-January) before evaporation
lowers the water levels.
Lake Chad comprises two basins, north and south, separated by a shoal area known as the "Great
Barrier". Its main feature is its variability, both geologically and in terms of its annual and seasonal
changes. This variability has provided it with different states over time, which are directly dependent
on rain variations on the watershed. Tilho (1928) proposed a classification into three main states:
the Normal or intermediate Lake Chad (when the annual contributions of the Logone-Chari system
vary between 34 and 43 km3) and the Small Lake Chad (when the annual contributions of the
Logone-Chari system are less than 34 km3). During the wet period the Lakes' water level is high
enough (282.3m) for the Great Barrier to be permanently submerged. At that time the Lake
comprises a single large body of water bordered by an archipelago on its eastern shores.
The Large Lake Chad state was last seen during the wet years in the mid-1950s (J. Lemoalle et al.,
2013). The sequences of the Intermediate or Large Lake Chad are interspersed with low water
phases, depending on variations in water contributions. Three Small Lake Chad phases have
occurred since the beginning of the 20th century, the first from 1904-1915 and the second around
1940. The third and last Little Lake Chad occurred in 1973, and since then the Lake has continued
in this vein. During this period of permanent relative drought, the level of the Lake has remained low
and the Great Barrier has been exposed, separating both basins for a longer or shorter time, with
different levels in each one. In this context of recent drought, a new state of the Lake, the Little Dry
Lake Chad (when the annual contributions of the Logone-Chari system are less than 15 km3) has
been observed. In this state, the northern basin does not receive water from the southern basin and
remains dry throughout the year.
Between 1957 and 2008, the Lake was in its Little or Little Dry state for two-thirds of the time and in
its Intermediate or Large Chad state for the rest of the time. Nonetheless, the Lake did expand up to
26 000 km2 in 1963, but the significant contributions of the early 1960s were quickly cancelled out
by the recurrent drought of the last four decades.
A.2.4.5 – Groundwater
Little is known about the availability and use of groundwater within the Lake Chad Basin. It is
believed to be abundant and to be recharged through seepage from the lake bed and by the
extensive flood areas making up the many wetlands in the basin. It is increasingly urgent to learn
more about the basin's groundwater, since pressure on resources is growing continually, and it is
the main, if not the only source of water for the peoples in most of the basin area, particularly in the
northern part of Chad. It is therefore recommended that one strand of the Lake Chad-HYCOS
project should be devoted to this issue, as it was in the first document proposed in 2006. Better data
acquisition will provide a greater understanding of the hydrogeology of the entire basin, including
aquifer recharge, interactions between surface and groundwater, runoff, etc.
Lake Chad-HYCOS - Project document

Page 19

Available information indicates that groundwater resources of regional importance within the Lake
Chad Basin are represented by two aquifer systems (Olivry 1996):
•

•

The phreatic aquifer contained within the quaternary sand or clayey-sand deposits. This
aquifer can be found at depths ranging from a few metres to about fifty metres. It is about
30m thick and is hydraulically connected to Lake Chad. (Carmouze, 1983; 1990; Isiorho
and Matisoff, 1990). It is estimated to have a reserve of 150 km3, with water quality
considered suitable for livestock and domestic consumption.
The confined and often artesian pliocene aquifer has been recognized only in the central
part of the basin. It is about 60m thick and is encountered at a greater depth (sometimes
between 250-400m). It is well exploited in Nigeria and the extreme north of Cameroon
where many boreholes constructed in the 1960s permanently exploit this aquifer. The
water is older and more mineralized than that of the phreatic aquifer and is considered
unsuitable for irrigation in certain areas.

Studies suggest that the chances of a hydraulic continuity between the two aquifers are remote.
Apart from these two aquifers, there are other artesian layers at great depths whose extent and
capacities are not well known (Continental Terminal, Continental Hamadien and Continental
Intercalaire). Except for the continental terminal aquifer, which surfaces south of Chad, these are
probably highly mineralized fossil waters, suitable for limited use only.
A.2.6 - Socio-economic aspects
Given the economic, social and environmental role of Lake Chad, it is essential to preserve its
economic potential for supporting the development of local communities and reducing tensions
around water resources and between populations. Unfortunately, recent data and consistent
information on these topics are insufficient to give a clear idea of the situation here. In particular,
owing to differences between the dates of the last census in the countries of the LCBC, it is difficult
to give consistent official information on the population in the Lake Chad Basin. However, the latest
official data and rates of population growth provided by the specialized agencies including the World
Bank, the LCBC (www.cblt.org) estimate the basin's population at about 45 million in 2012.
Projections estimate a population of about 50 million in 2020. The regions with the highest
population densities in the basin are Chad (N'Djamena), Nigeria (Kano and Maiduguri) and
Cameroon (Maroua and Kousseri).
The figures in Table 5 provide some indication of the socio-economic data (development indicators,
population) of the basin countries. It should be noted that these data are measured at country level,
while the national portions of the basin are essentially rural areas, which are often more affected by
poverty than rural areas. In Niger, for example, 86 per cent of the poor (36 per cent of whom are
considered extremely poor) live in rural areas. There are also inequalities, with women and children
particularly vulnerable.
Table 5: Lake Chad Basin: Production and per capita income in 2012 (Source: http://www.afdb.org/)
Country

Cameroon
Central African
Republic
Libya
Niger
Nigeria
Chad

Per capita Gross Domestic
Product
9
($US x 10 )
26.4
2.0
75.0
6.7
287.8
12.7
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Per capita Gross National
Income ($US)
1 210
470
9 977
360
1 200
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Economic activities
Because of the wealth of their ecosystems and the location on the edge of the desert, Lake
Chad and its basin's wetlands are considered to be an element of international wildlife
conservation. They provide a site for the arrival and protection of migratory waterbirds and
from this perspective they play an important role in biodiversity conservation. Lake Chad is
also the economic centre for the population of the basin and sub-region. The main economic
activities in the Lake Chad Basin are fishing, agriculture, livestock, handicrafts and to a lesser
extent, agribusiness and mining. It is worth mentioning the strong demand for transport of goods
and passengers on the Chari and Logone on the one hand, and on Lake Chad on the other.
Navigation by large vessels, which was typical in the 1960s between Bol and N'Djamena, is now
only possible in years with high rainfall. However, small seasonal commercial shipping is still
practiced to Moundou, Sahr and upstream on the Chari and to the communities of Pouss, Bongor
and upstream on the Logone. Some sites with considerable potential for tourism (Waza and
Kalamaloué Parks and Lake Fitri, etc.) or others suitable for growing commercial plants (Acacia
gum, etc.) are also present in the basin.
Table 6 shows the sources of household income in the basin.
Table 6: Sources of household income in the basin (Source: www.cblt.org)
Activity
Fishing
Rain-fed and flood-recession crops
Stock rearing
Small irrigated areas
Large irrigated areas

Income
9
($US x 10 )
45.1
26.6
14.7
10.8
9.4

Fishing
Fishing is widespread in Lake Chad, the dams and its tributaries, especially in floodplains.
Production in the floodplains depends largely on the magnitude of the flood, which allows young fish
to stay longer in a medium that is rich in food and provides shelter from predators. It is practised as
a main, secondary or occasional activity and is considered by some researchers to be the most
important source of household income. Annual fish production in the early 1970s was of the order of
130 000 - 141 000 tonnes but it is estimated that current levels have fallen owing to limited flooding
in the wet zones.
Agriculture
Agriculture is the main activity of the population in about 60 per cent of the administrative units of
the Lake Chad Basin. There is rain-fed, flood-recession and irrigated agriculture at the dams in
Cameroon and Nigeria. The most common crops are cotton, peanut, sorghum, wheat, millet, maize
and rice. Both modern and traditional farming methods are used.
At present, only one tenth of an irrigation potential of over 1.1 million hectares are actually irrigated.
However, studies have shown that the development of the full potential of the conventional basin
would require 16.53 km3 of irrigation water, or about 80 per cent of current total flows from the Lake.
Flood-recession agriculture takes advantage of the soil moisture that is retained as the Lake
recedes each year. Indeed, while the Lake is in danger of disappearing, some residents are
paradoxically opposed to having it refilled, since the receding water has exposed fertile land from
which they derive a good income.
Rain-fed agriculture is practised in the Sahelo-Sudanian and Sudano-Sahel areas, where rainfall
varies between 400 and 1 500 mm/year.
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Livestock rearing
Livestock rearing is extensive throughout the basin. The population has grown rapidly following a
decline during the drought years of 1970 and 1980. The industry is characterized by seasonal
migration. The seasonal routes for the herds have a cross-border nature with migration southward
and towards around Lake Chad and the floodplains during the dry season and to the north in the
rainy season. Approximately 10 per cent of the economically active Chadian population living in the
basin rears cattle, sheep and goats. Meat and live cattle are Chad's second largest export after
cotton.
A.2.7 - Situation of the Hydrological services in the countries of the Lake Chad Basin
An assessment of the situation of the National Hydrological Services (NHSs) of the countries
involved in the project has highlighted a critical situation regarding their ability to fulfil their
institutional role and respond to the demands of users. However, the situation of these services
varies, both for their human resources and qualifications and material resources available. The
proportions of the area of the Lake Chad Basin in the various countries also varies widely (between
0.2% in Libya to 43% in Chad), but for some countries such as Cameroon and the Central African
Republic, the small parts of their national territory do make a very significant contribution to the
Lake's water level owing to their very high rainfall.
The earliest hydrological observations on Lake Chad and its tributaries go back to the first half of the
20th century. The basic infrastructure was set up in colonial times, essentially by ORSTOM (Office of
Scientific Research Overseas, currently the IRD, Institute for Research for Development) in
Cameroon, the Central African Republic, Niger and Chad. Observation networks were expanded
gradually by the administrations of the various countries up to the early 1980s. However, in Nigeria
there is no NHS as such, with hydrometric activities performed by a multitude of institutions;
sometimes there are even two hydrometric stations monitored by two different institutions set up on
the same site.
The World Bank's hydrological assessment of Sub-Saharan Africa, performed between 1988
and 1992, highlighted the dysfunctional nature of the hydrological information systems of
most African countries, including those in the Lake Chad Basin. While preparing project
documents for other HYCOS components in the region in the last decade, WMO has
observed that unfortunately the performance of systems for the collection and dissemination
of data has further deteriorated in most countries since the World Bank report. Information
gathered at the time of writing of this report has further confirmed this trend.
The problems facing African countries while managing their water resources have been stated
clearly on several occasions in international fora such as the Addis Ababa conference, jointly
organized by WMO and the United Nations Economic Commission for Africa (ECA) in March 1995,
or the Conference of Ministers in charge of water resource management of the Southern African
Development Community (SADC) (Pretoria, South Africa) in November 1995. The fourth World
Water Forum (WWF-4), held in Mexico City in March 2006, further highlighted that most African
countries had neither the capacity nor the means to collect, store and distribute information on water
resources. The upshot of this is an insufficiently precise knowledge of the status of the resource,
which has serious implications for the planning and development of the sector. The challenge is,
firstly, to implement and maintain data collection networks, and secondly, to develop new ways to
disseminate information. The Sixth World Water Forum (Marseille 2012) lists a whole series of
conditions for success in dealing with these water challenges, including:
•
To design and implement a programme, particularly in developing countries, to
improve the delivery of research for water governance with a view to increasing
capacity/strengthen leadership of decision-makers at various levels through establishing
effective science-policy interfaces;
•
To develop a globally validated comprehensive competency profile for water
education by establishing and connecting water educational institutions of higher
Lake Chad-HYCOS - Project document

Page 22

learning in regions where the issues are, with a view to halving the number of water
professionals to be trained to meet the international development goals;
To set up a global mechanism to measure, monitor and share scientific and social
data (on resources, access, treatment, cooperation, regulation, performance, footprints,
financial flows…) at various levels and provide best practices and solutions to
better inform policy-making.

•

Thus, as in other countries of tropical Africa, the most serious problems facing the NHSs in the
countries of the Lake Chad Basin are:
•
The decline of hydrological observation networks;
•
The institutional fragility of national hydrological services, which are equipped with very
few human, material and financial resources;
•
The low level of development of regional cooperation;
•
Increasing pressure on water resources, mainly the result of population growth; the
effects of a recently worsening hydro-climatic situation; urbanization; and the
development of irrigation and other water-consuming economic activities;
•
Damage caused by flooding, erosion, sedimentation, pollution; and
•
The absence of appropriate strategies for evaluating and managing renewable water
resources.
The causes have been attributed mainly to the following factors:
•
The deterioration of the economic situation;
•
Difficulties in raising governments' awareness of current water availability problems, and
particularly the challenges lying ahead in this area, since they often tend to ignore or
underestimate:
-

the value of water and its role in economic development, public health and overall
management of the environment;

-

the human and economic costs of water-related disasters.

In addition to raising awareness among decisionmakers and users of hydrological
information on this issue, implementing a project for the Lake Chad Basin that is inspired by
WHO's concept of WHYCOS therefore aims to strengthen data collection capacities and to
facilitate access to consistent and reliable information on the hydrological cycle for all
stakeholders.1
This information is particularly essential to assess/understand the spatial and temporal variability of
the hydrological cycle and its possible impacts on water resources, including phenomena such as
the feared drying up of Lake Chad. The hydrological cycle and the climate are interrelated and
interdependent and are key factors to consider for sustainable and integrated management of
natural resources, the environment and biodiversity.
Some countries of the Lake Chad Basin are involved in developing other WHYCOS
components already under way or in preparation. Exchanges with the organizations of the
basins concerned, in this case the NBA and CICOS, which share common issues with the
LCBC, are essential to be able to benefit from the feedback relating to topics as diverse as
data collection, mechanisms for exchanging and sharing data, reducing vulnerability to the
effects of variable hydrological conditions, capacity-building and raising awareness about
the sustainable funding of hydrological monitoring, and improving the governance of
transboundary basins.

4

WHYCOS Guidelines, WMO No 1282, 2005
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A.2.8 - Situation of the LCBC Executive Secretariat
The LCBC was created in 1964 mainly to facilitate transboundary water management and make
better use of available resources. It reflects the desire of the founding States, all of which are
located around Lake Chad (Cameroon, Niger, Nigeria, Chad) to manage their common resources
through cooperation. The organization's broad strategic guidelines and budget are decided at the
Summits of Heads of State and at meetings of the Interministerial Committee. These guidelines are
implemented by the Executive Secretariat, aided by services and directorates reporting to the
Executive Secretary, in particular the Basin Observatory and the Environment and Water Resources
Department (Figure 6) which should logically be most directly involved in the development activities
of the Lake Chad-HYCOS project.
The LCBC has been suspended and reorganized several times because some member countries
were in arrears with their payments. However, funding from international donors has enabled it to
maintain a minimum of activities regularly and move forward in implementing projects.
Figure 6: LCBC organization chart
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Data collection is not the direct responsibility of the LCBC however, but of the States, in particular
the NHSs. This practice is consistent with the principle of subsidiarity and is all the more justified
since the measuring stations belong to the State. The mobility of staff who will take measurements
is also easier if they stay in their own country. However, as noted above, NHSs in the various
countries face many challenges, including the lack of an operating budget. In addition to the
guarantee in terms of consistency of information and data exchanges between States, within this
project the LCBC will be called upon, at least temporarily, to perform certain tasks requiring some
expertise, such as installing, monitoring and maintaining new generation equipment. The relevant
divisions of the LCBC need to be provided with greater autonomy and technical and institutional
capabilities so that they can manage the regional Hydrological Information System and develop and
disseminate relevant information to users, both in a national and a regional context. Furthermore,
given the state of the NHSs in some countries, LCBC may need temporarily to replace the technical
services of some member states to upgrade a faulty measurement network.
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B.

THE LAKE CHAD-HYCOS PROJECT

B.1 - JUSTIFICATIONS AND ISSUES OF THE PROJECT
General situation
The Lake Chad Basin is one of Africa's most endangered river ecosystems. The drought affecting
the basin for the last forty years has contributed greatly to the degradation of its environment, which
has resulted from human and natural factors that combined to reduce its productive potential. In
addition to proven threats such as the desertification of some areas of the basin, there are others
that are just as significant, such as the degradation of its wetlands, which are some of the world's
most remarkable ecosystems, but are very fragile. These wetlands are the economic heart that
provide life for millions of people.
The Lake Chad Basin contains considerable natural resources that are increasingly fragile owing to
the combined effects of pressure from a population of nearly 45 million and deterioration of the
hydroclimatic situation, characterized by a 15 to 20 per cent decrease in rainfall, coupled with
greater spatial and temporal variability since the 1970s (Sighomnou, 2004). Less rainfall has led to a
20-50 per cent reduction in runoff and a lowering of the level of underground water. Ultimately, this
hydroclimatic degradation threatens all common water uses (agriculture, fishing, navigation), while
increasing the pressure on natural resources in general and water resources in particular. This
pressure is due mainly to the fast-growing population of the basin, while water use is increasing
apace with economic development.
The vulnerability of a poor rural population dependent on natural resources
The population of the Lake Chad Basin is distributed unevenly over the territory. The natural
conditions (climate, vegetation, topography, hydrography) largely influence this distribution.
Population density ranges from well under two people per square kilometre in the Chad and Niger
portions of the basin up to over 500 in some places (particularly urban areas) in Nigeria, Cameroon
and Chad.
The annual growth rate of the population varies from 2.0 per cent in Nigeria to 3.7 per cent in Niger.
The basin's population, currently estimated at around 45 million, is essentially young and
predominantly female. The majority of the population of the basin works in agriculture and lives in
rural areas, although urbanization is ongoing. Overall, the economies of the basin countries are
dominated by agriculture and livestock.
The LCBC member states rank among the poorest countries in the world. According to UNDP
statistics (http://hdr.undp.org/en/statistics/) based on the human development index (2013), Niger,
Chad and the Central African Republic rank 186th, 184th and 180th respectively out of 186 countries.
Cameroon and Nigeria are classified 150th and 153th.
Water availability
With total average annual flows into the Lake assessed at 23 km3 for the last four decades and an
estimated population of 45 million, water availability is currently around 500 m3/person/year on
average. It is generally agreed that the drought threshold is situated at 1 000 m3 (potential
resources) of water per inhabitant per year. Overall, the residents of the basin are therefore already
experiencing water scarcity. Bearing in mind the population growth in the countries of the region, the
likely development of irrigated agriculture and water-intensive industries, the situation is likely to
worsen in the years to come. The ever-increasing demand for water, set against a backdrop of
degradation of the resource, both in terms of quantity and quality, will inevitably lead to
competition, or even conflict, over water usage, for which management and prevention
mechanisms will be required.
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Issues related to knowledge of flow-rates
As mentioned above, hydrological observations first began on the Lake Chad Basin in the first half
of the 20th century. The measurement stations established in colonial times were expanded
progressively by the administrations of the various countries up to the early 1980s. Since then,
budget cuts in almost all the countries in the region have led to the closure of operations in most of
the hydrometric stations. In the 1980s and 1990s, networks were reduced to a minimum and
monitoring was almost abandoned in some countries or, at best, was very irregular and
observations were resumed only for launching activities under certain activities such as the NigerHYCOS project.
This period, during which the hydrometric network was not subject to observation, proved extremely
detrimental to the quality of the data and in particular the control of the calibration of hydrometric
stations. Under these conditions, the stage-discharge relationship should be reconsidered at all
stations to help verify the validity of the calibration curves. The situation is particularly worrying for
the Lake Chad Basin, especially in the tributaries to the torrential flow that silt up regularly. As a
result, some calibration curves developed before or during the 1980s cannot be used for translating
stage/discharge, especially for low water. This situation is highly prejudicial to good water
management and it is not difficult to see that a sound knowledge of resources for planning optimal
usage and sound, effective management to satisfy all water needs can therefore be compromised.
This serious handicap is compounded when the situation is strongly affected by climate variability,
as shown by recent studies (Ouedraogo, 2001; Mahe et al., 2002; Paturel et al., 2003, Sighomnou,
2004). Indeed, the drought of the last four decades has radically changed the results of previous
hydrological statistical studies that formed the basis for the dimensioning and configuration for the
operation of the older water management projects in the basin. With current climate conditions, it is
therefore essential to determine new hydrological parameters and to use these to check the sizing
and hence the profitability of past and proposed developments. This checking exercise requires the
availability of historical hydroclimatic data sets of unquestionable quality and significant efforts to
cover and criticize data.
Issues related to the knowledge of groundwater
Despite groundwater being explicitly included in the World WHYCOS system, devices used to
measure and monitor it have so far been very far down on the list of priorities in tropical Africa.
Although some countries have for a time examined and monitored the data collected, as emerged
from our discussions with the officials concerned while conducting missions around the countries,
virtually no resources are devoted to monitoring at present. Moreover, in many cases historical data
are stored in formats that mean that they cannot be used scientifically for decision support. Data
available and usable across the basin are therefore insufficient for a significant appreciation of the
quantity and quality of groundwater over time, particularly in the wake of the decline in rainfall since
the 1970s.
Nonetheless, experts estimate that groundwater accounts for over three quarters of the basin's
water resources. Unfortunately, national and regional policies and regulations on water
management in the countries concerned attach very little importance to groundwater, while it
remains by far the main source of drinking water in the basin. Little is therefore known about
groundwater, both as regards the extent, working and development over time of the major aquifers
(many of which are transboundary) and in respect of the known or suspected local issues related to
their use:
•
•

lowering of groundwater levels by pumping and/or due to decreased rainfall;
pollution of groundwater by municipal wastewater, causing public health concerns (as
seen in certain cities in the basin area);
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•

possibility to replace surface water with groundwater during dry periods to meet
environmental flows.

The Lake Chad-HYCOS project document produced in 2006 had planned to monitor some
piezometric stations to obtain an idea of the situation, with the prospect of eventually achieving the
same degree of reliability as for surface water.
The Water Directorates that usually deal with this issue in the countries concerned are not always
the same as those in charge of the NHSs and in some countries they can fall under different
ministries. However, these directorates are facing the same difficulties as the NHSs: budget
constraints have led to the closure of many of the piezometric stations; there is an ageing workforce,
etc. In Cameroon, for example, all staff from the service have retired and no young people have
been recruited to take their place. Efficiently implementing the activities under this component of the
project will require significant technical and material capacity-building, and must take account of the
multiplicity of stakeholders in the country.

B.2 - LINKAGE OF LAKE CHAD-HYCOS WITH OTHER PROJECTS AND CHALLENGES
Adopted in 2008, the Strategic Action Programme (SAP) for the Lake Chad Basin focuses on the
seven priority regional environmental issues identified through a Transboundary Diagnostic
Analysis, focusing particularly on the variability of the hydrological regime, the availability of fresh
water and its vulnerability, to be developed on the basis of goals and objectives set out in the Africa
Water Vision for 2025 (Equitable and Sustainable Use of Water for Socioeconomic Development) and the
Lake Chad Vision 2025 developed by the LCBC.
The sustainable development of the Lake Chad Basin, which involves sound management of its
resources, should help to meet the basic needs (drinking water and livestock watering), ensure the
good ecological status of the Lake and watercourses, extend irrigated agriculture in the
periods/areas where water is limited, develop fisheries, build up navigation and hydropower, while
minimizing the negative impacts of development on people and ecosystems.
To achieve all of the envisaged results, it is essential to better understand the mechanisms that
govern water and soil resources in the Lake Chad Basin and consequently become familiar
with/improve their operation.
The Water Charter, which takes into account and governs the institutional, regulatory and
legislative issues, was adopted by the LCBC in 2011 to ensure smooth and collaborative
implementation of the SAP. This is an inter-States agreement that defines the framework for shared
management of the resource as well as that of institutional and legal cooperation concerning the
waters of the Lake Chad Basin. It especially obliges each State to organize hydrological
monitoring on its national portion of the basin, and requires data exchanges between
countries and the LCBC, as the regional institution for basin management.
The Water Charter will enter into force once a sufficient number of countries have ratified it
(currently under way). To ensure compliance with the various provisions of the Water Charter, the
LCBC and its member countries need reliable information on water resources more than ever
before, including recent and easily accessible hydrometric data.
The sharp decline in the area of Lake Chad in the wake of the prolonged drought in the Sahel
region since the late 1960s has led to the assumption that the Lake could disappear altogether. This
fact has prompted the government authorities of the LCBC member states to consider a water
transfer from the neighbouring Congo basin to that of Lake Chad and a feasibility study was
conducted. Expert opinions differ on this project, the results of which were published in 2012.
Indeed, occasional rises have been observed in the water levels of the Lake during this
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period of climatic deterioration, especially over the last ten years, during major floods
recorded on the Chari. This fact shows that the situation is more complex than a simple
regular process of drying up. Careful and rigorous hydrological monitoring is therefore
essential for a better awareness/understanding of the mechanisms involved. In addition, the
proposed water transfer itself provides for a subsequent monitoring network to check the
accuracy of forecasting and assess certain impacts on the Lake Chad Basin. Lake ChadHYCOS is therefore timely on both counts.
B.3 - SYNERGY WITH OTHER PROJECTS AND PROGRAMMES
The performance of some activities of the project will be based upon a synergy with the projects and
programmes under way at the LCBC and in the participating countries, in particular Niger-HYCOS,
Congo-HYCOS and the Sustainable Development Programme of the Lake Chad Basin
(PRODEBALT), a significant part of which concerns aspects related to IWRM, the project entitled
Groundwater management for sustainable development of the Republic of Chad, etc. The list of
projects and programmes in progress will be redefined in the detailed document to be updated
during the preparatory phase of the Lake Chad-HYCOS project.
B.4 - PROJECT JUSTIFICATION AND GOALS
The Lake Chad Basin and its water resources ensure the livelihood of close to 45 million people
through fishing, agriculture and livestock rearing. The population in the first circle around the Lake
increased from 700 000 in 1976 to 2 000 000 in 2005. Demand from regional markets is growing
constantly, with regional cities such as N'Djamena and Maiduguri, even with the demand from more
distant markets, including all populations of the riparian countries. Many projects have been
developed in the Lake Chad Basin to meet this demand while preserving the environment, and
others are still under way, in particular the great inter-basin transfer project between the Congo
basins and Lake Chad, which aims primarily to ensure the availability of water to meet these
growing needs. A study completed in 2012 concluded that the project is technically viable, albeit at
a high cost.
Throughout the Lake Chad Basin, consumption of domestic and particularly of urban water,
currently estimated at 0.5 km3/year, is drawn mostly from underground resources. This consumption
will increase faster than the population owing to urbanization, rising living standards and industrial
development. This could reach 1.4 km3 in 2025 and 2.68 km3 in 2050 if per capita consumption
were to double. Livestock watering, which is growing by 5 per cent per year, could also reach 1.4
km3/year by 2050. However, large-scale irrigation, which has an enormous untapped potential, is
likely to continue to represent the greatest demand for water from the surface of the Lake in the
basin. This need could justify the interbasin water transfer, although the option of improved
management of current availability deserves to be considered first. Options include the possibility of
increasing water productivity or developing innovative ways of mobilizing and using water in the
most efficient way possible throughout the basin. Such management requires a good knowledge of
the resource.
The hydrological field data on Lake Chad collected over the last few decades are too sparse to
provide an accurate picture of its surface and water level progression over time. Unfortunately, while
recognizing the value and importance of hydrometric monitoring, despite the many projects listed
above, no mechanisms have been put in place to efficiently ensure a lasting knowledge for sound
management of water resources. However, the implementation of the Lake Chad Basin Water
Charter should help to achieve this, as it is designed to apply the principles of integrated water
resources management (IWRM) for sustainable development, from a great many approaches, by
clarifying and progressively refining the rules for regional environmental management (LCBC,
2012b). It is vital to have a proper management/understanding of the water cycle that imposes
constraints on the natural environment in which this development occurs. This understanding is
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based on information systems covering all areas, ranging from regular collection (on different scales
of time and space) to dissemination of data and information derived from these.
Furthermore, new challenges concerning the control of water resources related to issues of climate
change are of increasing concern. Careful hydrometric monitoring is therefore more important than
ever to understand the impact of this change on water resources and consequently on the natural
resources of the Lake Chad Basin.
B.4.1- General objective
In accordance with one of the main goals of the LCBC Strategic Plan and the WMO global
WHYCOS programme, the Lake Chad-HYCOS project will help to provide the Lake Chad Basin
Commission and its member countries with resources, tools and skills to efficiently monitor and
manage their water resources. As such, it meets the expectations of the Basin Authority and the
countries concerned, as well as the general objectives of the WHYCOS programme, as follows:
•

•

•

To establish a network of national hydrological observing systems that provide coherent
quality information, transmitted in almost real time to national and regional databases
through the WMO Global Telecommunications System (GTS) or any other appropriate
channel;
To strengthen the technical and institutional capacities of the National Hydrological
Services (NHSs) in the area of hydrological data collection and processing, and respond
to the need of end users through the provision of relevant hydrological information on
water resources and their trends;
To promote and facilitate the dissemination and use of developed information and
adapted products associated with water resource management, environmental protection
and protection of human life and property against water related risks (floods and
droughts) by using the most appropriate means of dissemination, particularly the
opportunities offered by the new technologies.

B.4.2- Specific objectives
The activities of the Lake Chad-HYCOS project are part of the general issue of the integrated
management of water resources across the Lake Chad Basin, at a key moment in its history that is
characterized by severe drying, which has led the riparian populations to fear it may disappear
altogether. The project aims to strengthen the capacity of the Lake Chad Basin Commission and its
member countries.
The specific project objectives are:
•
•

•

•

Establishing a common basin-wide information system on hydrology and water resources
(including groundwater) for the entire basin;
Contributing to decision-making aimed at achieving rational water resources
management in the basin. With this in mind, the software and information organization
structure used at a regional level should also be directly applicable in each member
country, thereby making the possibilities opened up by the regional information system
available at a national scale;
Providing support to LCBC member countries in terms of organization, equipment,
training and analysis products and presentation/dissemination of information on water
resources;
Providing the knowledge base needed for a sustainable integrated approach to water
resources management, including climate change issues, environmental protection, at a
basin-wide level (transnational water management) and in each country (integrated
management at a national scale);
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•

Significantly modernizing the Project Management Unit (and the LCBC through it) at
regional level and each NHS in the countries within the basin, giving them the capacity to
present the data gathered in an attractive and demand-driven way;
•
Contributing to generating an increased interest in NHSs on the part of governments and
users of water information, thereby securing a reasonable and regular budget to enable
these NHSs to provide the services rightly expected of them from the national
populations/users.
The idea is ultimately to establish a system of relevant information on all water resources in the
Lake Chad Basin, fed with recent high-quality data, and easily accessible to all types of users,
particularly through the new technologies.
B.4.3- Key results expected from the project
Project implementation is structured along five major lines of action, each aiming at achieving
specific results:
1.

Breathing new life into national data collection, management and processing systems and
upgrading them to maintain a level of performance consistent with the requirements of users.
Annex 5 specifies the Regional Project Management Unit (PMU) and the NHSs' need for
hardware and software, and for the establishment of a regional database for the project.
Expected results:
•

•
•
•

2.

An operational hydrometric network comprising 50 stations (18 in Chad, 10 in the
Central African Republic, 9 in Cameroon, 8 in Nigeria and 5 in Niger) for collecting
adequate hydrological variables (see list of stations in Annex 2);
Collecting and transmitting data (water heights and flow measurement) and network
maintenance performed regularly by the NHSs;
National and regional hydrological databases upgraded and regularly updated;
Data regularly checked and validated based on common protocols and quality assurance
practices.

A hydrological information system in place for production and dissemination of information,
across the basin and nationally, to enable all users to contribute to IWRM and propose
development projects.
Expected results:
•
Countries to agree on issues of ownership, protection and dissemination of the data
produced by the network in the spirit of WMO Resolution 40 (Cg-XII) and 25 (Cg-XIII);
•
A set of products tailored to needs at national and basin level developed and regularly
made available to users based on their needs, for the implementation of integrated water
resource management policies;
•
Users, especially policy makers, made aware of how to use information and hydrological
and weather-climate products and regularly consulted to adjust the content of the
information products generated by the project;
•
Users, especially policy makers and legislators, made aware of the contribution that
hydrological information makes to development, and of the need to finance monitoring of
the national hydrometric network to ensure that the water information system is
sustained over time;
•
A website and other channels of communication with the various users set up to provide
access to products from the Lake Chad-HYCOS project, such as newsletters and
hydrological yearbooks, thematic maps, etc.;
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3.

Strengthening institutional, human and material capacities of national and regional institutions
to ensure long-term sustainability of project results and in particular to ensure their capacity to
respond to user needs through the appropriate products.
Expected results:
•
NHS and LCBC staff trained in data collection, storage and processing;
•
NHS and LCBC managers trained in marketing their products and establishing
relationships with users;
•
NHSs with equipment that can guarantee regular and efficient collection, archiving and
creation of information products;
•
NHSs able to participate actively in international hydrological monitoring initiatives;
•
decisionmakers made aware of the value of hydrological information and its use for
sustainable socio-economic development of the region.

4.

Strengthening the regional cooperation mechanism.
Expected results:
•
A Regional Project Management Unit created to coordinate activities and promote the
project and to provide technical assistance to the NHSs for the implementation of
activities;
•
LCBC regularly receiving quality data from NHSs to fulfil its mandate in the areas of
IWRM. LCBC cooperating closely with the NHSs of the basin to identify information for
the various users;
•
Experts from the Regional Unit sufficiently equipped to constitute a training hub able to
provide ongoing training for NHS staff, particularly as regards the use and maintenance
of new generation equipment.

5.

Providing a status report of the main issues and information concerning groundwater in the
Lake Chad Basin characterizing the aquifers. This will lay the foundations for a future
groundwater monitoring system in the Lake Chad Basin.
Key results expected:
•
Producing a bibliographic status report of the issues and information concerning
groundwater in the Lake Chad Basin;
•
Collecting information available in the participating countries on the issue of groundwater
resources and its use;
•
Evaluating the data collected, identifying gaps and reaching a conclusion as to the
availability, quality and completeness of information;
•
Conducting a suitability and feasibility study (cost, benefits, risks, prerequisites) for
establishing a minimum groundwater monitoring network at basin scale (or for certain
aquifers) to improve understanding and characterization of aquifers in the Lake Chad
Basin.

B.4.4 - Priorities considered in the project
The priorities considered in the development of objectives and activities of the project are:
1.

Prioritizing institutional strengthening in relation to merely technical requirements to
ensure project sustainability and maintain hydrological activities in the countries and the LCBC
once the project has ended;

2.

Placing special emphasis on the need to create finalized information consistent with
the needs of decisionmakers rather than simply collecting data. If this condition provides
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a more solid basis for the future, it makes the project more complex and requires more
imagination and motivation on the part of the project Coordination Unit. Under these
conditions, in addition to upgrading the data collection and processing system, one of the true
overall indicators for assessing the success of the project will be the availability of qualified
staff both regionally and in the NHSs.
3.

Seeking the technological solution that best meets the demand for information and
institutional capacity to acquire computer and scientific tools and equipment. These
include data acquisition, software processing and data management equipment and tools for
decision support. The focus on this aspect is fundamentally important, firstly to avoid
technological drifts and secondly to build on the opportunities offered, for example, by local
telecommunications networks (including mobile phone) instead of satellite for remote data
transmission.

4.

Promoting the adoption of an integrated approach, at national and basin-wide level, to
consider all aspects of the water cycle to allow effective management of this resource.
While from a technological point of view this approach can be applied using instruments
adapted to the situation in Africa, from an institutional point of view there are obstacles in the
shape of a much slower process of reform of national technical institutions (division of powers
over the water sector, monitoring, management, protection) and adaptation difficulties for staff
trained in very different working situations. Raising awareness of the importance of IWRM
should promote dialogue between the various state institutions and a debate around its
implementation at national level.

B.4.5 - Key potential beneficiaries of the project
The lack of hydrological data and information contrasts with the concerns of the States and the
international community about the possibility that Lake Chad could disappear. This fact was
confirmed during circular missions organized in the countries concerned during the preparation
phase of this document. Ministries, public institutions, research organizations, NGOs and
other national and international organizations have expressed the need for quality
hydrological information and have stated their interest in developing the Lake Chad Basin
Information System. Although it is premature to consider a short-term contribution of these users
to the financing of environmental and hydrological monitoring in particular, they should be
considered at least as potential contributors. The main sectors for which requests have been
identified are:
The institutions responsible for operational hydrology in the countries concerned: Generally,
the National Hydrological Services, which are tasked with producing hydrological information, will
benefit first from this project. This will boost operational hydrology by further integrating it into the
socio-economic life of the countries concerned. NHSs will benefit from the project thanks to
improvements in the collection of reliable data within time frames that meet the expectations of
water stakeholders, improved quality of measurements, development of IT systems to manage and
access these data, and the development of training programmes.
Forecasting and protecting against floods: Early access to information concerning flood risks
and forecasts will make it possible to improve land use management in flood zones and facilitate
preventive actions in cases of major flooding, especially around Lake Chad and densely populated
areas. As fish production is directly related to the extent and duration of flooding, flood forecasting
will provide relevant information to provide an idea of the quantities involved, but also to help
develop the effective use and preservation of this heritage;
Environmental conservation: With their location at the crossroads of the desert and the Sahel,
Lake Chad and its wetlands are reception areas for migratory waterfowl that come to stay in the
winter and need to accumulate the necessary resources to travel back over the Sahara. The area
offers very rich ecosystems in a markedly arid environment and thus plays a very important role in
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the conservation of international wildlife. To manage this natural heritage sustainably requires
extensive knowledge and regular monitoring of water resources, which are the foundation of this
ecosystem.
Hydroelectric production: Because of their heavy rainfall (up to 1 500 mm compared to 400 to
500 mm towards N'Djamena) and the nature of the terrain, most of the hydroelectric potential of the
Lake Chad Basin is located in Cameroon (the sites with the greatest potential are located on the
Vina du Nord and on Mbéré, according to information from LCBC) and in the Central African
Republic, but no hydroelectric installations have been built there so far. There is currently a need for
information to gain a better understanding of the hydroelectric potential of these countries in order to
build future installations. Once they are built, the hydrological forecasting facet of the Lake ChadHYCOS project will be of interest to managers of dams, provided the products have been developed
in consultation with them and according to their needs.
Agriculture: This is one of the main economic activities in the Lake Chad Basin. There is rain-fed,
flood-recession and irrigated agriculture at the dams in Cameroon and Nigeria. A detailed
knowledge of the flow regime and water availability is essential for optimizing the production of
these irrigation areas. The irrigation potential of the conventional basin is also estimated at over
1.1 million hectares, of which only one tenth is actually irrigated. This is therefore a key
development issue for all the countries in the basin. Thus, in the longer term, it is essential to
conduct feasibility studies for the creation of new areas or the extension of existing ones. A good
knowledge of flows is required to properly manage the resource and to prevent and/or solve
problems of sharing with other, sometimes competing, uses. Farmers could thus produce better,
while protecting their surroundings, thereby contributing to environmental protection.
Livestock rearing: Livestock rearing is characterized by seasonal migration towards the north or
the south of the basin. During the dry season, the migration is from north to south around Lake
Chad and the floodplains. As the quality and extent of dry season grazing is directly related to the
extent and duration of flooding, flood forecasting will provide relevant information to enable the
development of sound farming practices and preservation of the natural environment.
Fishing: Fish production in the Lake Chad Basin is a natural resource of great economic
importance for the various countries of the basin, and a vital source of protein for the inhabitants of
the sub-region. Changes in stock numbers are directly related to the extension of flooded areas and
therefore to the regime of the Lake and its main tributaries. Producing relevant and timely
information on the parameters that affect fish production is an essential complement to the proper
management and preservation of this heritage.
Navigation: a near real-time knowledge and prediction of flood and low flow water levels is vital for
managing waterways, which offer less expensive and more environmentally friendly transport.
Navigation by large vessels is now possible only in years with high rainfall, but there is a strong
demand for the transport of goods and passengers both on the Chari and Logone and on Lake
Chad. Small seasonal commercial shipping is practiced today towards Moundou, Sahr and
upstream on the Chari and to the communities of Pouss, Bongor and upstream on the Logone. Any
reliable information to better predict changes in water levels in these crests would interest the
carriers that operate them and the local populations.
Drinking water: In the northern parts of the basin where the water supply is mainly from
groundwater, rainfall and runoff data are essential for assessing the rate of aquifer recharge. Further
south, drinking water is supplied mostly from surface water. Demand will increase steadily with a
population and a level of economic development on the rise. Only a reliable and constantly updated
knowledge of the state of the resource can provide satisfactory management of the quality and
quantity of drinking water.
Industry: Some areas of the basin, such as N'Djamena, have recently witnessed significant
development that goes hand in hand with industrialization, here based primarily on food processing,
a sector involving high water consumption. Satisfying needs, while monitoring the risk of water
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pollution, are essential for ensuring development that is both sustainable and environmentally
friendly.
Insurance: Natural disasters cause large numbers of victims and undermine or reduce the gains of
development. Some African countries are already experimenting with funding mechanisms for
disaster risk and financial risk transfer, such as index-based weather insurance. This index is
formed using hydro-climatological references based on sound science, the reliability of which
depends on that of the data that were used to prepare them.
Science: Research into water resources is conducted in the countries of the basin and by interstate
agencies in the region within universities and in research, environmental, hydrobiology and fishing
institutions, inter alia. The Chad-HYCOS project will afford such researchers easy access to recent,
reliable and consistent data. Close cooperation must be established with these institutions, which
can help to increase and spread production of water information and identify long-term trends. The
project website will promote and develop production resulting from the collaboration between the
project and these institutions both locally and internationally.
Research consultants: Research consultants working in the Lake Chad Basin region, whose
activities require particular hydrological information to design projects related to water, civil
engineering works, etc.
Businesses: The countries of the basin are major exporters of agricultural products, the quality and
quantity of which also depend on the region's hydroclimatic conditions which thus comprise
fundamental elements for taking decisions in international trade.
B.5 - PROJECT DEVELOPMENT AND IMPLEMENTATION
Experience gained from other ongoing HYCOS projects shows that the usual period of three years
is a little too short, given the constraints and difficulties inherent in the development of this type of
project, involving several players. Indeed, one of the key project goals is to ensure the sustainability
of hydrometric activities in the various countries concerned. It is therefore vital for the project to last
long enough to take root and become consolidated, demonstrating its capabilities both to policy
makers and to users and funding agencies. This sustainability will depend largely on the degree of
awareness of policy makers, but also that of water resource users, the scientific community and
international organizations. In the light of the above, the total duration of the project should be four
years for a two-stage implementation, with a preparatory phase lasting one year and a development
phase for the project activities lasting three years, in order to achieve results.
B.5.1 - The preparatory phase
This phase will involve preparing the project activities in detail. The activities of this phase are the
responsibility of the LCBC, in consultation with the Supervising Agency, the countries concerned
and the financial partners. Twelve months seems a reasonable time for completing all the activities
relating primarily to preparing a detailed document for the project development phase. This phase
will end with the validation of the final project document and the launch of the next phase of the
project, subject to the availability of funding. The main activities of the preparatory phase of the
project are:
1.

Establishing the institutional framework
•
Establishing agreements with the countries for implementing the project;
•
Establishing procedures for recruiting support staff of the regional project management
unit, together with the countries involved;
•
Establishing agreements with the countries and institutions that own the data, to ensure
provision and use of such data within the project. In particular, we have noted an
absence of historical data in network stations in the central african republic, where the
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•

NHS has been vandalized. These data, which probably exist in the institutions that were
formerly responsible for managing the hydrometric network in these countries, must be
searched for and retrieved during the preparatory phase of the project, since they are
essential for setting up a regional database and developing hydrological products;
Bringing the project steering committee into operation.

2.

Selecting the regional project coordinator
•
Defining the terms of reference and recruiting an experienced hydrologist;

3.

Selecting PMU staff
•
Defining the terms of reference for the various posts and performing selection and
recruitment. This will take place in two stages. At the beginning of the preparatory phase
for staff involved in its activities and at the end of this phase (to allow activities to begin
from the start of the development phase) for staff involved only in the project activities
development phase.

4.

Detailed assessment of the state of the existing hydrological network with the support of the
PMU and in cooperation with technical assistance, NHSs will:
•
Assess compliance with international standards (WMO, ISO, etc.) For existing stations
and any issues relating to such compliance;
•
Assess the needs for rehabilitation and maintenance, as well as the maintenance costs
of existing stations;
•
Draw up the specifications for rehabilitating stations. It is imperative that these
specifications should be finalized and approved at the end of the preparatory phase
wherever possible, in order to begin procurement/tender procedures for equipment as
soon as the development phase begins;
•
Finalizing work for determining the minimum required network of hydrological stations;
•
Identifying which stations are already set up and which must be installed (the preliminary
list of stations selected for the project is set out in Annex 2);
•
Evaluating the installation costs for the new stations;
•
Identifying the types of stations and establishing the specifications for acquiring them.

5.

Detailed assessment of the current situation of the main issues and characterization of the
various aquifers in the Lake Chad Basin. Here, a consultant is required to provide an expert
appraisal for setting up a groundwater monitoring system in the basin. This activity, to be
performed during the project preparatory phase, will lead to the ToR for establishing a minimum
groundwater monitoring network to improve understanding of the aquifers of the Lake Chad
Basin.

6.

Defining a detailed business plan and budget. In consultation with the NHSs and with the
support of technical assistance and Supervising Agency, the PMU will:
•
Identify the technical, human and financial resources to achieve the objectives of the
project. In the light of the problem posed by a lack of staff identified in all the NHSs
involved in the project, it would be advisable to initiate training from the start of
operations of the development phase (see Annex 3 for details) to ensure that trained
staff are operational to perform the following operational development activities;
•
Identify technology for acquiring and disseminating adapted data and the costs related to
needs and resources of national hydrological services (see Annex 5 to identify hardware
requirements and guidance for setting up the database);
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•
•
•

Finalize identification of the types of information requested by potential users;
Prepare a project document with an implementation plan and budget;
Organize the first meeting of the project steering committee to validate the project
document and implement its budget.

B.5.2 - Activity development phase
This is the project implementation phase proper. It will last for 36 months and should begin as soon
as possible after the project kickoff meeting. Implementation will be conducted by the key project
stakeholders, whose roles are defined below. The characterization of the activities and
responsibilities of the various stakeholders will be defined clearly in the project document. The main
activities of the phase will cover the following points:
1.

Reinforcing/setting up a network of reference stations.
•

•

•

•

2.

Rehabilitating existing stations: NHSs are responsible for the maintenance and
management of the hydrometric network. However, assistance from PMU experts may
be required for specific activities in the installation/rehabilitation and maintenance of
stations;
Collecting, testing, validating and archiving existing data: NHSs will assess/collect
existing data, in cooperation with the PMU, from the services themselves and from other
national, regional and international projects and institutions;
Creating and/or consolidating databases: the PMU will determine the most appropriate
database management systems (DBMS) for the project, in consultation with the NHSs,
taking into account what is already used by the NHSs and other projects in the Basin
countries;
Checking the functionality of data collection and transmission systems: in cooperation
with the NHSs and the supervisory agency, the PMU will assess the optimal solution for
setting up an effective data transmission system, taking into account the best available
technical solutions and the ability of the countries concerned to maintain them after the
project has concluded;
Strengthening institutional capacities of NHSs and of the PRC.

•

•

•

Training sessions: the training component proposed as part of Lake Chad-HYCOS is
intended primarily to implement the ongoing training programme in hydrology for
continuous retraining of the main project stakeholders on the ground, i.e. the staff of the
NHSs. The organizational aspects of training and related matters are discussed in
Annex 3;
Reinforcing remote transmission and data processing infrastructure: in cooperation with
the NHSs and the Supervising Agency, the PMU will prepare the technical specifications
for equipment, establish arrangements for rendering the transmission system operational
and ensure the installation and maintenance of equipment;
Developing thematic information products: the PMU and the NHSs, aided by the
Supervising Agency, will develop relevant hydrological information products and make
them available to users (e.g. hydrological vulnerability areas, the impact of hydrological
factors on different sectors of socio-economic activity, the impact of climate variability
and change and the availability of water resources in different sectors, etc). Annex 4
contains a non-exhaustive list of hydrological information users' needs, identified via
survey questionnaires and consultation visits conducted to NHSs of the four basin
countries and the project beneficiaries. National and basin level meetings will be held
Lake Chad-HYCOS - Project document

Page 37

with current and potential users of hydrological information to identify other needs or to
assess their level of satisfaction with the products offered by the project. A Hydrological
Information System (HIS) suitable for Lake Chad-HYCOS must be designed and
developed to disseminate information on the project;
•

3.

Participation in conferences and international scientific projects: the PMU and the
Supervising Agency will promote the active participation of staff from NHSs and the PMU
at the appropriate international conferences and seminars, including WIAG, to benefit
from the experience of other projects;
Strengthening a cooperation mechanism across the basin

•

Participation of NHSs in national and regional environmental protection initiatives and
other projects relevant to hydrology: NHSs should work with other water stakeholders at
the national and regional level to plan activities and provide these institutions with the
necessary information and technical skills;

•

Interaction with regional projects: the PMU and the Project Executing Agency will
establish and maintain contacts with other similar projects to establish synergies and
harmonize activities and technical approaches, as required.

B.5.3 - Project monitoring and evaluation
1.

Technical and financial appraisal
•

•

•

2.

The PMU will send an annual progress report to the Steering Committee for examination
during its annual meeting. This report will focus on the technical, financial and
administrative aspects of the project and will be based on appraisal indicators (Annex 1)
to be defined and agreed upon by all parties during the initial phase of the project. They
will report any areas in which difficulties have been encountered that could jeopardize
the success of the project and will mention what solutions have been applied or
proposed to remedy such situations.
The programme of actions to be undertaken as part of the project includes a list of
indicators for implementing these actions and the means for checking them (Annex 1). A
provisional timetable has been established for attaining objectives to monitor the
progress of the project. During its annual meeting, the Steering Committee will use the
reports submitted to assess the extent to which project objectives have been attained.
The Supervising Agency (WMO) will monitor the project's progress and will draft
assessment reports based on the activity reports provided by the project coordinator and
the PMU, and on the results of missions to the PMU and participating countries, where
appropriate.

Final and mid-term appraisal:
•

A mid-term and a final appraisal of the programme are planned. The Project Executing
Agency will establish the terms of reference of the appraisals, in agreement with the
donor(s) and the countries concerned, and will select a consultant who will arrange an
appraisal mission to the NHSs and the PMU. The appraisal reports will be submitted to
the Steering Committee, the Supervising Agency and the various donors.
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•

•

The purpose of the mid-term appraisal is to allow the LCBC, the member states and the
technical and financial partners to assess the progress of project implementation and to
make decisions if certain activities need to be reoriented.
An appraisal will be carried out by an independent expert two months before the end of
the project. The overall objective of this appraisal is to allow the LCBC member states
and the technical and financial partners to assess the implementation of the project and
to make decisions to enhance the gains made as well as correcting any deficiencies.
-

The specific objectives of the mission are:
 to examine the relevance of the project objectives;
 to analyse whether the work performed under the project is appropriate, effective
and efficient and to gauge its effective contribution in achieving the initial project
objectives;
 to identify the factors that have helped and/or hindered the achievement of these
goals (including the contributions by the technical partners);
 to assess the sustainability of the actions and outcomes of the project;
 to assess the impact of the project against the planned objectives;
 to assess the quality of internal monitoring and assessment of the project as a
tool for operational management and as a provider of information to facilitate
external evaluation (making recommendations on this subject);
 to assess the adequacy of the project's institutional anchoring and make
recommendations on the subject, including streamlining the observing systems;
 to make recommendations for the implementation of the next phase in terms of
objectives, activities and human and financial resources to be mobilized.
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C.

INSTITUTIONAL FRAMEWORK

C.1 - PRELIMINARY REMARKS
The proposed institutional framework takes into account both the recommendations in the
WHYCOS Guidelines 2 and a number of key local situations that are essential for ensuring the
sustainability of the project's outcomes.
The first element to consider is the existence, for more than fifty years, of the LCBC as a technical
institution with a broad mandate for the control and management of natural resources of the Lake
Chad Basin. Although this clearly shows the country's interest in an integrated approach to the
problems of water management at basin level, international cooperation mechanisms are not
sufficiently well rooted in national policies in this field. In particular, the LCBC Water Charter, which
member countries are currently ratifying, requires each state to organize hydrological monitoring of
its national portion of the basin, and entails an exchange of data between countries and with the
LCBC, as the regional basin management institution.
The second element is the current state of disrepair of the NHSs, weak national counterparts in the
project, and their insignificant "political" weight. The project's main objective is to revive and
sustain the activities of the NHSs by producing reliable information and making it regularly
available to users (Annex 4). Indeed, apart from the lack of interest by policy makers, one of the
main difficulties facing the NHSs stems from their inability to collect quality data, process such data
to produce the requested information and disseminate this information on time. This inability to
meet demand deprives them of the necessary funding to address problems at their root.
The third element is the presence of related regional programmes, even those within the LCBC, with
which Lake Chad-HYCOS must develop synergies, establish and maintain regular reports, while
seeking to institutionalize these reports to stabilize the system. In particular, some countries of the
Lake Chad Basin are involved in developing other WHYCOS components under way or in
preparation (including Niger-HYCOS and Congo-HYCOS). Exchanges with the organizations of the
basin concerned, which share common issues with the LCBC, will provide the possibility to benefit
from feedback from these components. The proposed Lake Chad-HYCOS framework will interact
with other LCBC projects while avoiding the creation of potentially problematic parallel decisionmaking processes at basin level.
In particular, the implementation of the activities of Lake Chad-HYCOS must seek solutions to:
•
•

•

7

Properly and effectively manage the project within the existing institutional framework at
regional level;
Establish a hierarchical institutional framework that guarantees well-defined relations
between the PMU and the NHSs and also a degree of flexibility in defining annual activity
plans;
Create a structure at regional level to coordinate activities, support national services and
develop products. This structure must draw on sufficient, experienced human
resources in order to assist countries in the implementation of complex activities.

WHYCOS Guidelines, WMO No 1282, 2005
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C.2 - THE INSTITUTIONAL FRAMEWORK AND THE RESPONSIBILITIES OF THE VARIOUS
PARTNERS
Beneficiary countries: the five member countries of the LCBC (Cameroon, Niger, Nigeria, the
Central African Republic and Chad) that have already expressed an interest in developing the Lake
Chad-HYCOS project to improve their capacity in managing water resources. It should also be
noted that the national portion of the Lake Chad Basin in Libya is essentially desert.
C.2.1 - The National Hydrological Services
The National Hydrological Services of the beneficiary countries will be the key stakeholders in the
project and will be responsible for maintaining the hydrometric network, carrying out discharge
measurement and collecting and presenting field data. A national project activities coordinator
should be designated in the country within the NHS.
The situation of NHSs in these countries is extremely varied in terms of human and material
resources. In particular, there is a shortage of technical staff in charge of field data collection in all of
the NHSs concerned. Under these conditions, we understand that experts of the Regional project
unit will be called upon to implement specific tasks in the relevant countries.
Good cooperation between the NHSs and the LCBC will be even more likely when a convention is
signed between the LCBC and the various Ministers in charge in the participating countries. These
agreements will define the obligations of the parties and in particular, partner countries will commit
to providing the LCBC with timely data acquired within the project, as well as historical data.
Responsibilities of the NHSs:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Coordinating the implementation of project activities at national level in cooperation with
the PMU;
Providing the project with the necessary qualified human and material resources;
Making available the necessary data and information to achieve the project's objectives;
Preparing and distributing the products to meet demands in the respective countries;
Installing and/or rehabilitating the network of stations supported by the PMU if required;
Maintaining the network of stations and performing essential gauging to check the
calibration of stations;
Collecting, processing and validating the data and transmitting them to the PMU;
Managing the national databases and preparing products;
Working with potential users to identify information products to develop;
Distributing information to users and the PMU;
Maintaining links with other information networks from related projects in their respective
countries;
Assisting the PMU, essentially to conduct field missions, and in its relations with national
authorities, etc;
Actively promoting the project at country level;
Participating in technical meetings and training workshops;
Participating in the various institutional bodies of the project;
Participating in monitoring and managing the project;
Participating actively in training workshops and inviting staff that are best able to
maximize the benefits of such training.
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C.2.2 The Executing Agency
The implementation of the project should be based on the (institutional) resources available in the
various countries concerned. From this point of view, as a regional institution that is already up and
running, the LCBC is well placed to act as the project's Executing Agency. As such, it is responsible
for the implementation, management, administrative and financial monitoring of the project and is
answerable to the member countries for the proper conduct of its business. In principle, the
operational management of the project's activities will come under the responsibility of a Regional
Project Management Unit (PMU) to be set up by the LCBC. However, additional financial and
human resources to be made partly available within the project's funding framework are essential to
enable it to play this role.
The complementary expertise that should be made available to the LCBC Executive Secretariat
includes at least one Project Coordinator, who must be a confirmed hydrologist, one junior
hydrologist whose contribution will be essentially technical, one database specialist, one
hydrological technician and dedicated administrative and financial support staff. However, this will
be redefined when the project document is drafted and in the light of donors' requirements.
Responsibilities of the Project Executing Agency:
•
•
•
•
•

•
•
•
•
•

•
•
•
•

Ensuring the administrative and financial management of the project;
Preparing proposals for annual project activity programmes and their related budgets;
Coordinating the participation and contribution of participant countries in developing the
detailed implementation plan;
Coordinating project activities with those of other projects related to water resources in
the Lake Chad Basin;
Preparing call for tenders documentation for the procurement of equipment and contracts
for consultants, managing contracts for the purchase of equipment and service providers
in cooperation with the Supervising Agency;
Monitoring and project progress and reporting back to the Steering Committee, the
Supervising Agency and the other stakeholders;
Providing financial monitoring of the project and reporting to the Supervising Agency and
the donor(s);
Providing assistance to the NHSs in the conduct of activities at national level;
Monitoring the quality of the data provided by the NHSs, archiving them and managing
the regional database;
Formulating, preparing and disseminating water information products that meet needs at
regional and international levels, supporting NHSs in the development of information
products at national level;
Developing and managing the project website and ensuring the flow of information and
products;
Promoting technical cooperation across the basin and acting as an operational link with
other regional initiatives;
Preparing awareness-raising and user information activities;
Implementing and managing the training programme. Through the PMU, the project
Executing Agency is responsible for all training, provided at its headquarters and
subsequently in the NHSs. These tasks are listed in Annex 3 along with the list of
training topics to be organized.
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C.2.3 The Supervising Agency (WMO):
As the party responsible for the WHYCOS programme, WMO will ensure that the Lake ChadHYCOS project is consistent with the fundamental objectives of this programme and with all other
planned or operational HYCOS components in various regions of the world. It provides technical
monitoring and continuous evaluation of the project, ensuring that it benefits from the lessons
learned from the implementation of other HYCOS components. The representative of the
Supervising Agency sits on the project's Steering Committee.
Responsibilities of the Supervising Agency
•
•
•
•
•
•
•
•
•
•
•
•

Assisting the Executing Agency in preparing the terms of reference of the PMU staff and
their selection;
Assisting the Executing Agency and the project Regional Unit in formulating scientific
and technical aspects of the project;
Helping to prepare the terms of reference of equipment and consultants;
Helping to select the best qualified candidate for any consulting action within the project
in close cooperation with the Implementing Agency;
Facilitating access to the WMO Global Telecommunication System (GTS) and satellite
operators (EUMETSAT), as well as working with the meteorological community;
Ensuring regular monitoring of activities and providing technical and scientific oversight
of the activities and results of the project;
Helping to develop training modules;
Helping to draft annual reports and revise budgets;
Helping to raise awareness among policy makers and users of hydrological information,
to ensure the sustainability of hydrometric monitoring in the countries concerned;
Helping to seek funding for the project;
Ensuring that the project is consistent with other HYCOS components;
Preparing evaluation reports for the project.

C.2.4 - External experts and other technical and financial partners
Project implementation will enjoy the support of the financial institutions and of technical partners
still to be determined. Additional, highly specialized skills must be mobilized, sometimes on an
ad hoc basis, for specific technical expertise, training, or to develop IT tools. To meet these needs,
the project will use contractors or consultants as service providers or research teams as part of a
multi-stakeholder partnership yet to be developed. This expertise will mainly concern the following
activities:
•
•
•
•
•
•
•

Developing proprietary IT tools (flow forecast models, gateways for data transfer, etc.);
Training;
Criticising series of historical data;
Establishing a protocol for regular data validation;
Identifying and developing hydrological products;
Developing a Web Portal;
Evaluating the situation of water quality in the basin and developing a monitoring
protocol;One independent evaluation will be conducted mid-term, and another two
months before the end of the project. The consultant hired for this purpose will report to
the project Steering Committee and to the funding partners.
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The project will also be implemented in synergy with other HYCOS projects in the participating
countries. Other than those listed at the LCBC, others projects related to the management of water
resources should exist elsewhere in the basin and will be inventoried during the detailed preparatory
phase of the project in order to work in synergy with Lake Chad-HYCOS.
C.2.6 - The Steering Committee
The Steering Committee is the project's decision-making control and supervision body. Its role is
to ensure the consistency of the project and to oversee strategy and implementation. It decides on
any changes that may be made to the direction of the project, approving the annual work
programme and the related budget.
The Steering Committee comprises one representative from each country participating in the Lake
Chad-HYCOS project, appointed and duly authorized by the competent authorities of the
participating countries, representatives of the Executing Agency, a representative of each technical
partner and the donor(s) and a representative of the project Supervising Agency (WMO). To ensure
that it is effective, each country's representative on the Committee should be the direct superior of
the national coordinator of the project activities in the country.
Responsibilities of the Steering Committee:
•
•
•
•
•
•
•
•

Developing and approving a strategy to ensure that the project objectives will be
achieved during the implementation of the project and in accordance with WHYCOS
guidelines;
Reviewing and approving the detailed programme of activities, budget and list of stations
of the observation network, as well as any changes that may be made to the programme
of activities and budget;
Providing financial and technical monitoring for the project;
Harmonizing national and regional activities and arbitrating possible conflicts and
disagreements between partners;
Ruling on any changes to the direction of the project and approving the annual business
plan and its related budget;
Adopting the annual work plan and the related budget and the annual progress reports;
Defining and managing relations with other regional projects;
Adopting the assessment report.
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D.

BUDGET

The total cost of the project is estimated on the basis of its relevant objectives and the needs
expressed in the questionnaires completed by the NHSs and during the preparation missions to
member countries. It consists of contributions from donors, the LCBC and member countries and
amounts to 5 500 000 euros for a period of four years. The external contribution is estimated at
4 800 000 euros (87%), with an LCBC contribution in kind of 250 000 euros (5%) and those of
member countries amounting to 450 000 euros, or around 8 per cent of the total.
D.1. - CONTRIBUTION OF THE LCBC
As part of the project, in addition to participating in the running costs of the PMU, the LCBC
Executive Secretariat will provide offices and part of the staff, which it will pay along with other
statutory charges. The LCBC budget also provides funding for the activities of the Department of the
Environment and Water Resources, a tiny part of which is devoted to hydrometric activities.
The total contribution of the LCBC Executive Secretariat to the operation of the PMU for the duration
of the project is estimated at 250 000 euros.
D.3. - CONTRIBUTION OF THE PARTICIPATING COUNTRIES
Rolling out the objectives of the project involves actions in the participating countries. The
contributions of the participating countries are many and varied, ranging from the provision of staff
to the supply of equipment to supplement what has already been acquired as part of the project.
They also provide old data series. Recent basic information will be collected by the NHSs, which
have the jurisdiction and are tasked to acquire, process and monitor the data. Each member country
will provide the necessary skilled staff, which it will pay, as well as meeting other statutory costs to
ensure the smooth running of all project activities in the countries concerned. The list of staff
provided by the countries consists of at least:
1.

One hydraulic engineer, who is the National Project Coordinator, responsible for the
smooth running of the project activities at country level;

2.

One land brigade that will be in charge of managing the network of stations under the
project and processing data. This team will be made up as follows:
1 Hydraulic engineer / Senior Technician;
1 Technician;
1 Driver.

It is understood that several brigades may be involved in the implementation of project activities in
certain countries because of the size of the national portion of the basin or as a result of their
internal organization.
The total amount of this contribution is estimated at 450 000 euros for the duration of the project for
the five countries.
D.4. - CONTRIBUTION OF THE DONORS
As can be seen in Table 7, the external contribution over four years is estimated on a preliminary
basis, at nearly 4 800 000 euros i.e. 3.15 billion FCFA, including a preparatory phase for
a period of one year with a budget of 401 000 euros (8% of total budget).
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Table 7: Summary of cost estimates for the external financing of Phases 1 and 2
ACTIVITY

Preparatory phase
Setting up the PMU
Salary of the project coordination team - 2 people
Country visits for institutional meetings
Organizing national seminars to present the project
Detailed visit of the main sites in the basin
Organizing missions to recover historical data
Assessment and estimating the cost of the minimum system for monitoring
groundwater
Meeting to launch the project, including WMO participation
Subtotal 2
Activity development phase
Staff and management costs
Salary of PMU staff
Running the PMU
Implementing Agency
Steering Committee meeting

Subtotal 2
Establishing the regional hydrological information system
Equipment for refurbishing stations
Acquisition and installation of DCP for particular stations
Database software and study of the network architecture

Criticizing historical data

Subtotal 3
National and regional technical capacity-building
Acquiring measuring equipment
Acquiring computer equipment (including generator)
Support for field activities in the countries concerned
Retraining station observers
Short-term training for NHS staff
Subtotal 4
Preparation and dissemination of information products
Consultation missions of users in the countries concerned
Setting up a broadcasting system
Workshop to raise awareness of users of water information
Subtotal 5
Mid-term and final appraisal
Mid-term appraisal
Final appraisal
Steering Committee meeting
Subtotal 6
Supervising Agency
Miscellaneous and contingencies

TOTAL PROJECT COST (rounded)
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Cost
(€)

%
out of Total

30 000
126 000
35 000
75 000
45 000
5 000
50 000
35 000
401 000

8.4%

752 400
155 000
75 000
50 000
1 032 400

21.5%

748 400
105 600
78 000
75 500
1 007 500

21.0%

276 000
135 000
700 000
50 000
380 000
1 541 000

32.1%

25 000
40 000
100 000
165 000

3.4%

35 000
35 000
30 000
100 000
336 952
210 595

4 800 000
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2.1%
7.1%
4.4%

E.

VIABILITY OF THE PROJECT

E.1. - BASIC ASSUMPTIONS
The project design is based on a number of assumptions that include, inter alia:
1.

The participating countries will accept ownership of, and responsibility for, the maintenance
and operation of the observing stations within their national boundaries, supply staff to meet
the project requirements, and freely share the data and information generated by the project.
Given the history of the LCBC and the provisions of the Water Charter, which is currently
being ratified, it can be argued that this assumption has been satisfied.

2.

The governments of the participating countries and their relevant ministries and departments
will support their respective NHSs to help them to engage effectively in the project's activities.
The statutory provisions of the LCBC and those of the LCBC Water Charter should also make
it possible to satisfy this assumption.

3.

Telecommunication systems, whether for transmission of satellite data, particularly
METEOSAT and/or the facilities which today allow for the use of available GSM networks in
the region, will be available for the project. WMO and the LCBC are able to provide access to
geostationary meteorological telecommunications satellites. Feedback received from similar
projects in the region with the many mobile telephony operators present in the countries
concerned suggests that this assumption will be satisfied.

4.

The project Executing Agency is able to manage any changes that may be made to the
project on the basis of events and changes in circumstances that may affect the project. The
LCBC has a very long experience in international project management, which includes
managing data monitoring and collection programmes, as well as running an Environmental
Observatory, which suggests that this assumption will also be satisfied.

5.

The Executing Agency will be able to establish and maintain effective working relationships
with the governments of the participating countries, members of the technical services
concerned, including NHSs, and with other partner institutions, technical partners and project
funders. The LCBC has a long history of working with many technical and financial partners. It
already has strong collaborative links with the NHSs of its member countries and provides
support in implementing activities similar to those under Lake Chad-HYCOS. This assumption
is therefore satisfied.

6.

Since the funding made available by the financial partners in the project is for support to
developing hydrometric activities only, countries will be able to make financial contributions to
the NHSs for the investments and services they are to produce during and after the project.
Funds will be allocated from the project budget for awareness-raising activities on these
various topics for water stakeholders to meet this assumption.

7.

NHS staff that have received training under the project will continue in their posts for the
duration of the project. Failing that, other staff will be trained early enough to ensure a smooth
transition that will not prejudice the development of project activities. In addition to the
project's training component, the project Executing Agency and experts recruited from the
PMU will represent a training/support hub that will ensure the ongoing training for NHS staff
and will thus satisfy this assumption.

Lake Chad-HYCOS - Project document

Page 47

E.2 - RISKS AND ATTENUATION
The technical and financial risks are generally ranked as of low to medium importance, and there
should be little difficulty in managing them. Also note that the LCBC is implementing other projects
in the Lake Chad Basin, while on a regional level, there are other HYCOS projects implemented
under WMO supervision. The involvement of these two organizations in the project, as
Implementing and Supervising Agencies respectively, will benefit from the lessons learned from
these other projects for further development of the activities of the Lake Chad-HYCOS project.
The key issues involving risks and expected mitigating strategies are listed below, as follows:
Risk 1: Lack of cooperation between the various NHSs and the Executing Agency in the region and
with the Project Management Unit in the project design and implementation [low];
Mitigation strategy: There has been a framework for cooperation between the member countries of
the LCBC since it was set up in 1964. Since then, participating governments and national
institutions have shown their willingness to work together towards rationally managing the Lake
Chad Basin's resources. Specific cooperation agreements will also be signed between the Project
Executing Agency (LCBC) and the Ministries in charge in the countries participating in the project's
activities;
Risk 2: NHSs and Executing Agency staff may be overburdened due to other commitments and
may have limited time to contribute to the project implementation [low];
Mitigation strategy: The management of the Lake Chad Basin is politically sensitive because of its
impact on the livelihood of such a large population. In addition, the LCBC Water Charter requires
the countries to monitor water resources in their national portion of the basin and to exchange data
with the LCBC. The project therefore provides them with support in meeting these obligations. The
project envisages that the Executing Agency will recruit additional staff, and consultants will also be
hired to perform certain activities as part of this project;
Risk 3: Field equipment installed by the project may be damaged or destroyed due to vandalism
[medium];
Mitigation strategy: The National Services attach great importance to hydrological data and are
aware of this risk and the high costs of facilities. They will take appropriate steps (choice of sites for
the facilities, raising awareness of the general public and of local authorities) to ensure that
observing stations are protected and can function correctly. Signing a specific agreement with the
countries concerned to implement the Lake Chad-HYCOS project with participating countries should
also focus on this aspect. The supply of spare parts is provided for in the project specification and
the budget includes a provision for "unforeseen events".
Risk 4: NHSs may not have the means and the necessary skills to install and maintain equipment,
including DCPs and new generation equipment.
Strategy: Once existing networks have been assessed and the agenda for the activities set, the
project will identify difficulties facing the NHSs and will set up the necessary technical assistance for
installing equipment. Furthermore, a suitable training programme will be implemented under the
project for capacity building among the staff concerned.
Risk 5: Reluctance to exchange data and information.
Strategy: Acceptance of the principle of free access to data gathered during the HYCOS projects is
one of the cornerstones of WHYCOS and a prerequisite for participation. These matters were
debated at length by the WMO representative bodies (Congress, Executive Council, WHYCOS
International Advisory Group (WIAG)) resulting in the adoption of special Resolutions concerning
the free and unrestricted exchange of meteorological data (Resolution 40, Cg XII) and hydrological
data (Resolution 25, Cg XIII). Such practices have been followed for several decades by the
countries of the Lake Chad Basin as part of the various projects implemented under the
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coordination of the LCBC. Signing a specific agreement with countries to implement the Lake ChadHYCOS project with participating countries will, however, take this aspect into account.
E.3 - PROJECT SUSTAINABILITY
In essence, the projects most likely to prove sustainable are those that have responded to a set of
needs clearly identified by governments and partner institutions at a cost that is low when compared
to the resulting long-term benefits. The Lake Chad-HYCOS project comes under the domain of
shared water resource management by aiming to improve cooperation between States, to reinforce
measuring networks and monitoring systems. Ultimately it contributes to improving the management
of water and the natural resources of the Lake's basin and hence of all the factors of economic
development of the region which is the economic heart of a watershed of nearly 45 million
inhabitants. The project will also make a direct contribution to the global environment by preserving
biodiversity and wetlands, combating desertification and ensuring sustainable management of water
resources.
The Lake Chad-HYCOS project has been developed from information provided in the survey forms
filled in by the countries concerned and the discussions that followed, with the various partners and
the potential beneficiaries during visits to these countries and to the LCBC. This approach was
preceded by a documentary review to ascertain the state of the art with regard to knowledge on
control and management of the basin's natural resources, particularly its water resources. The draft
document prepared by WMO in cooperation with the LCBC was validated by the key stakeholders in
the process at a consultation meeting held at the LCBC.
Other similar projects have been completed or are under way in the sub-region, including some in
LCBC member countries (AOC-HYCOS, Niger-HYCOS, Volta-HYCOS Congo-HYCOS, etc), clearly
showing that governments are increasingly aware of the problems related to water resources,
whether this involves simply being familiar with the state of the resource to enable sustainable
management or managing risks related to extreme events such as catastrophic floods and droughts.
Furthermore, in a transboundary basin like the one at Lake Chad, the countries concerned
increasingly understand that an integrated approach across a watershed, as covered by this project,
is certainly more relevant to assessing and managing water resources and preventing conflicts than
national sectorial approaches.
In view of the potential impacts of climate change, the need to increase knowledge and monitoring
of water resources is increasingly recognized as an essential element of any sustainable water
management policy. Lake Chad is subject to strong seasonal variations, but also experiences
significant inter-annual changes. Irreversible changes could occur as a result of climate change or
major structural works. Against this backdrop, to meet the demands of a growing population while
preserving the environment, many projects have been developed in the Lake Chad Basin and
others are still under way, in particular the large water transfer project from the Oubangui River to
Lake Chad. The Lake Chad-HYCOS project fits well within the context of international mobilization
for the future of Lake Chad and will raise awareness among member states. Implementation of the
project will help to establish a definite diagnosis on sound scientific foundations to help take a
collective responsible decision in a context where socio-economic, environmental and regional
cooperation stakes are high.
Through the LCBC, which is recognized by all member countries and partners, a key objective of
the Lake Chad-HYCOS project is to revive hydrometric activities within the NHSs and improve their
technical capabilities in terms of data acquisition and processing, and developing hydrological
information products compatible with the needs of decision-makers and users. Once the project
activities have ended, a minimum network of stations will become available, along with updated and
accessible databases and a set of skills able to produce appropriate information products. In these
circumstances, it is reasonable to surmise that once the project has come to an end, some, if not all
the national services will have reached a sufficient level of efficiency to be able to manage the
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hydrometric network and to produce hydrological information. In doing so, these services should be
able to continue this type of activity with the best possibilities for success after the end of the
project's funding period. The achievements of the first phase of the project should also encourage
donors and users - including the private sector - to contribute to consolidating the system. It would
therefore be appropriate to consider a follow-up stage for this project, to consolidate the
achievements while the countries concerned take over, and for the system to be self-financing to
sustain hydrological monitoring in the future.
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DETAILED ACTIVITIES AND
MONITORING AND EVALUATION CRITERIA

I - PREPARATORY PHASE

ASSESSMENT
INDICATOR

TASKS AND RESPONSIBLE PARTIES
1.1 Recruiting and placing the staff of the
regional Project Management Unit (PMU)
Responsible parties: LCBC in cooperation with WMO.
1.2 Detailed assessment of needs for field and office
equipment, hydrological information products, software
and locating stations.
Responsible parties: PMU team in cooperation with
WMO

Staff profile suitable to the
activities; the team
responsible for preparing the
project is operational and is
implementing the activities

Assessment report

MEANS OF
VERIFICATION
Audit reports showing that
the preparatory phase
objectives are achieved

Documents are available and
accessible both to the LCBC
and project partners

Visits and collaboration with
partner NHSs

Organizing missions to the
countries for discussions with the
leaders of the relevant
institutions, including users of
hydrological products, and
validating the chosen options

1.3 Defining field facilities, defining the specific characteristics
of each station.
Detailed proposal of
equipment and facilities
Responsible parties: PMU team in cooperation with
the NHSs

Validation by the project
Steering Committee

1.4 Preparing the timetable for implementing the project
activities, with detailed definitions of monitoring
indicators and mid-term and end of project targets.
Responsible parties: PMU team in cooperation with
WMO and the donor(s)

Timetable for implementation

Agreements signed with
NHSs and technical partners
Validation by the project
Steering Committee

1.5 Detailed feasibility document for the development phase,
distributed to the partner countries and the Supervising
Agency
Responsible parties: PMU team

Approval of the report

Validation by the project
Steering Committee

Lake Chad-HYCOS - Project document

Page 2

Annex 1

REMARKS

Cooperation agreements with the
NHSs and agreements relating to
the provision of data must be
signed by top officials (for
example Ministers in charge)

ASSESSMENT
INDICATOR

TASKS AND RESPONSIBLE PARTIES
1.6 Collecting historical data, original measurements and
gauging data and transferring both to regional and
national databases.
Responsible parties: PMU team in cooperation with the
NHSs
1.7 Providing a short-term advisory course to set up a
minimum groundwater monitoring network: status
report, feasibility and advisability, proposal for the
architecture of a minimum groundwater monitoring
network at basin level

MEANS OF
VERIFICATION
Visits to countries and
institutions holding data,
inventories of the content of
databases

Historical data should be
identified and recovered from the
institutions holding them,
including those lying outside the
country

Final report validated by the
various responsible parties
concerned

Quality of results achieved
and levels of partner
satisfaction

The groundwater monitoring
envisaged within the project
must relate to transboundary
aquifers only. The results of
the expert report, duly
validated by the PMU, will be
presented to the Steering
Committee to decide on the
next steps

Meeting report

Visits and collaboration with
partner NHSs

As far as possible, the
development phase should start
immediately after the kick-off
meeting

Feeding the regional and
national databases

Responsible parties: Technical partners in
cooperation with the PMU team
1.8 Organizing the project kick-off meeting
Responsible parties: PMU team
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II - DEVELOPMENT PHASE

ASSESSMENT
INDICATOR

DUTIES AND RESPONSIBLE PARTIES

MEANS OF
VERIFICATION

OBSERVATIONS

COMPONENT 1: PROJECT GOVERNANCE
2.1.1 Organizing and supervising project activities,
coordinating PMU activities
Responsible parties: PMU team
2.1.2 Developing synergies with other projects
Responsible parties: PMU team

2.1.3 Organizing statutory meetings of the Steering
Committee, financial audits and mid-term and final
assessments

Smooth running of the
coordination and monitoring of
project activities at regional
and country level

Activity Report; report from
the supervising agency and
report from the Steering
Committee

Synergies developed with
other projects and
programmes underway in the
LCBC and in member
countries

Activity Report; report from
the Supervising Agency and
report from the Steering
Committee

Smooth running of the various Final report from the Steering
activities concerned
Committee and report from
the auditors and project
assessors

Responsible parties: PMU team and NHSs

COMPONENT 2: IMPROVING THE NETWORK OF HYDROMETRIC STATIONS
2.2.1 Establishing the location map of hydrometric (and
possibly piezometric) stations in the project,
specifying their exact location and the corresponding
type of equipment

Maps of stations at regional
and national levels

Sending to NHS managers

Responsible parties: PMU team and NHSs
2.2.2 Purchasing and supplying equipment provided for under
the project
Responsible parties: PMU team in cooperation with
WMO
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Setting up the piezometric
network will depend on the
results of the relevant expert
advice and on available
funding

ASSESSMENT
INDICATOR

DUTIES AND RESPONSIBLE PARTIES
2.2.3 Training staff for the facility; maintenance and
management of measuring stations
Responsible parties: Technical partners, including
WMO, in cooperation with the PMU team and the
NHSs

2.2.4 Installing new stations and commissioning,
renovation/refurbishment of existing stations, as
needed.
Responsible parties: NHSs in cooperation with the
PMU team
2.2.5 Defining procedures for transmitting and receiving data
according to the means of transmission (GMS,
METEOSAT, Internet).
Responsible parties: PMU team in cooperation with the
NHSs and WMO

MEANS OF
VERIFICATION

Number of sessions
organized and number of
participants

Report on training sessions
and list of PMU and NHS staff
trained; interviews with
managers of NHSs and
trainees, added value
provided to the performance
of hydrometric activities

Number of stations installed
and/or renovated

On-the-spot controls, data
quality

Validation of procedures by
NHSs

Discussions with NHSs

OBSERVATIONS
Training of the trainers who
will pass on training back in
their country. Future trainers
must have adequate basic
knowledge

COMPONENT 3: DEVELOPMENT OF THE REGIONAL HYDROLOGICAL INFORMATION SYSTEM
2.31 Defining the structure of the database and the
management system. Defining specifications to meet
the objectives set
Responsible parties: PMU team in cooperation with
the NHSs and WMO
2.3.2 Increasing and improving PMU and NHS hardware,
acquiring and installing the appropriate software
Responsible parties: PMU team in cooperation with
the NHSs and WMO
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Regional and national
databases fully operational

Country visits, meetings with
the staff of NHSs

Countries should provide
information on existing
databases in the NHSs

Upgrading computer systems

Country visits, meetings with
the staff of NHSs

The DB software chosen must be
as close as possible to that in use
within other HYCOS projects being
implemented in some member
countries of the LCBC
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ASSESSMENT
INDICATOR

DUTIES AND RESPONSIBLE PARTIES
2.3.3 Setting up the regional database and developing data
exchange protocols with NHSs

Agreements on data provision Copy of the Agreements

Responsible parties: PMU team in cooperation with
the NHSs
2.3.4 Defining and rolling out procedures for quality control
and data archiving
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs
2.3.5 Transferring the data currently in regional database and
national databases.
Responsible parties: PMU team in cooperation with
the NHSs
2.3.6 Defining procedures for data analysis, production and
publication of information
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs
2.3.7 Training staff to maintain and manage databases (twoweek training course at the headquarters of the PMU
and on-site training in each NHS).
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs
2.3.8 Review of historical data series per station and country.
Coherence analyses. Filling gaps, correcting
calibration curves.
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs
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MEANS OF
VERIFICATION

Document defining
procedures validated by the
parties

Document defining
procedures validated by the
parties

Assessing the publications

Number of trainees per
country, and performance
evaluation

Report on training sessions
and list of PMU and NHS staff
trained; interviews with NHS
managers and trainees
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Station data are sent to the
PMU in real time or in delayed
mode, depending on the type
of station equipment.

Periodic evaluation of the
procedures used

Data available in regional and Country visits, inventories of
national databases
database contents

Data series by country.
Number and duration of gaps
filled. Reliability coefficients.

OBSERVATIONS

PMU and national databases

In addition to the data
collected as part of project
activities, countries should
provide historical data

Training of the trainers who
will pass on training back in
their country. Future trainers
must have adequate basic
knowledge
Updating calibrations requires the
availability of a sufficient number
of measurement and control
results. NHSs must intensify
discharge measurements once
the activities kick off

COMPONENT 4: IDENTIFICATION AND DEVELOPMENT OF HYDROLOGICAL PRODUCTS OF REGIONAL INTEREST
2.41 Defining the needs of Lake Chad Basin users for
hydrological information
Responsible parties: Technical partner in cooperation
with the PMU team, NHSs and other stakeholders in
project activities
2.4.2 Agreements to transfer and adapt software tools
developed under other HYCOS components.

Report defining needs.

Close cooperation with users
is necessary in order to
develop information products
that meet their needs

Set of software tools for
Opinions from users of data
presenting data and providing and information on water
information.
resource products.

Responsible parties: PMU team in cooperation with
the NHSs and WMO
2.4.3 Training relevant staff to use IT tools and to produce
hydrological information.
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs
2.4.4 Checking and validating the LCBC Planning Model
based on field data
Responsible parties: Technical partner in cooperation
with the PMU team and the NHSs

Actual capacity of relevant
staff to develop hydrological
products

Quality of publications and
degree of user satisfaction.

Staff training must be properly
adapted to their function
(required qualification level).

Number and reliability of the
results provided by the model

Total demand for products as
indicated by regional partners;
user reviews of the products
supplied

The water resources planning
model developed by the LCBC
must be validated on the basis of
reliable data to be collected in the
project

Number of visitors to the site;
number of requests for data
and specific information
submitted by partners and
users;

The website must be dynamic
and developing; ideally, it
should be coupled directly
with the database

2.4.5 Designing and building a Hydrological Information
System (HIS) for the dissemination of hydrological
products

HIS up and running;
hydrological information
Responsible parties: Technical partner in cooperation products requested by users
with the PMU team
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COMPONENT 5: ADDITIONAL TRAINING AND AWARENESS-RAISING
2.5.1 Other training topics for the staff of the PMU and the
NHSs, according to the needs expressed, in addition
to the training provided in the components listed
above.
Responsible parties: Technical partner in cooperation
with the PMU team

2.5.2 Promoting activities to raise awareness around water
information products, policy makers, government
authorities and the general public.
Responsible parties: NHSs in cooperation with the
PMU team and WMO
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Assessing the capacity of staff
of the PMU and the NHSs and
the quality of what they
produce.

Report on training sessions
and list of PMU and NHS staff
trained; interviews with NHS
managers and trainees
Raising awareness among the
public and local authorities about
reducing vandalism to
equipment.

Number of seminars
organized, brochures
Interviews with leaders from
published by the PMU and the water agencies, policy makers Raising awareness of competent
NHSs, reducing vandalism of and the general public.
authorities and users of water
field equipment
information is also essential to
ensure the sustainability of
hydrometric monitoring
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TIMETABLE OF ACTIVITIES

Preparatory Phase
Preparatory Phase
Year 1

TOPIC
1

2

3

4

5

6

7

8

9

Development phase
Year 2
Year 3
Year 4
10

11

12

1.1 Recruiting staff
1.2 Detailed assessment of needs for field and office equipment, hydrological products,
software and locating stations.
1.3 Defining field facilities, defining the specific characteristics of each station.
1.4 Development of the construction schedule of the project activities, with definition of
monitoring indicators and targets mid-term and end of project.
1.5 Detailed feasibility document for the development phase, distributed to the partner
countries and the Supervising Agency
1.6 Collecting historical data, original measurements and gauging data and transferring
both to regional and national databases.
1.7 Providing a short-term advisory course to set up a minimum groundwater
monitoring network
1.8 Organizing the meeting of the first Steering Committee

NB: 1. Staff recruitment will be done in two stages: an initial recruitment drive at the beginning of the first year for staff to begin work at the preparatory stage, and a second
one early in the first quarter of the next phase for those who will work during the development of the project activities only.
2 - The short-term advisory course on the implementation of the minimum groundwater monitoring network will last for one month, preceded by the development of
TDR and recruiting a consultant.
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Development Phase
TOPIC

TIMETABLE OF ACTIVITIES OF THE LAKE CHAD-HYCOS PROJECT
Year 1 - Preparatory phase
Year 2
Year 3
1

2

3

4

5

6

7

8

9

10

11

12

1

2

3

4

5

6

7

8

9

10

11

2.1.1 Organizing project activities and
coordinating PMU activities
2.1.2 Developing synergies with other projects
2.1.3 Organizing statutory meetings, financial
audits and mid-term and final
assessments
2.2.1 Map with the location of hydrometric
stations under the project,
specifying the corresponding type
of equipment
2.2.2 Purchasing and supplying equipment
provided for under the project
2.2.3 Training staff for the facility;
maintenance and management of
hydrometric stations
2.2.4 Installing new stations and
commissioning,
renovation/refurbishment of
existing stations
2.2.5 Defining procedures for transmitting and
receiving data according to the
means of transmission
2.31 Defining the structure of the database and
the specifications for meeting the
targets set
2.3.2 Increasing and improving PMU and NHS
hardware, acquiring and installing
the appropriate software
2.3.3 Setting up the regional database and
developing data exchange protocols
with NHSs
2.3.4 Defining and rolling out procedures for
quality control and data archiving
2.3.5 Transferring the data currently in
regional database and national
databases.
2.3.6 Defining procedures for data analysis,
production and publication of
information
2.3.7 Training staff to maintain and manage
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12

1

2

3

4

5

6

7

8

9

10

11

12

1

2

3

Year 4
4

5

6

7

8

9

10

11

12

TOPIC

TIMETABLE OF ACTIVITIES OF THE LAKE CHAD-HYCOS PROJECT
Year 1 - Preparatory phase
Year 2
Year 3

databases at PMU and on-site
training in each NHS.
2.3.8 Review of historical data series per
station and country.
2.41 Defining the needs of Niger River basin
users for hydrological information.
2.4.2 Agreements to transfer and adapt
software tools developed under
other HYCOS components.
2.4.3 Training relevant staff to use IT tools and
to produce hydrological
information.
2.4.4 Checking and validating the LCBC
Planning Model based on field data
2.4.5 Designing and building a Hydrological
Information System
2.5.1 Other training topics for the staff of the
PMU and the NHSs, according to
the needs expressed
2.5.2 Promoting activities to raise awareness
among water agencies, the public
and policy makers

NB: This summary timetable of the development phase of the project will be detailed and redefined during the preparatory phase.
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Year 4
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Specification and location of the
hydrometric stations proposed
for the Lake Chad-HYCOS project
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1.

CHOICE OF STATIONS

This annex provides a preliminary list of stations proposed as part of the Lake Chad-HYCOS
observation network. The criteria used for selecting stations aim to establish a network for
hydrological observations of regional and global interest to ensure the integrated management
of water resources of the entire basin. Stations were selected using WHYCOS criteria. A great
deal of attention was also paid to the requests of countries reflected in the survey files
completed by the five participating countries. The following priority requests were identified:
stations essential for controlling international flows; essential key stations for monitoring
environmental flows under the Water Charter; stations useful for calculating the main flow
balances at country level; stations controlling the operation of dams; stations kept in the LCBC
planning model; stations holding long data series that serve as a reference.
On the basis of these considerations, the proposed network has a total of 50 hydrometric
stations distributed as follows:
-

9 stations in Cameroon;

-

10 stations for the CAR;

-

5 stations for the Niger;

-

8 stations for Nigeria;

-

18 stations for Chad.

It goes without saying that the final list of stations and their specific characteristics will be
determined after detailed reconnaissance visits in the field, which will also serve to define the
nature of the equipment to be installed at each station, making it possible to specify the
characteristics of each site and the nature of the equipment already in place. However, the
selection of local technologies (GSM transmission, for example) should be favoured over DCPs,
which have higher operating costs.
2.

HYDROMETRIC STATIONS PROPOSED FOR LAKE CHAD-HYCOS

The list of stations proposed for the Lake Chad-HYCOS project is set out in Table A2.1. These
are classified by country and, as far as possible, provide an indication of their main objectives.
Please note however that the final list of stations in the project will be drawn up during the
project preparation phase. This final list must take into account not only the funding available
but also any synergies with other projects under way, whose implementation on the ground may
commence before that of the Lac Chad-HYCOS project.

It should also be remembered that a minimum piezometric monitoring network will be proposed
as a result of the expert advice to be provided during the preparatory phase of the project.
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Table A2.1: List of hydrometric stations in the Lake Chad-HYCOS network
No COUNTRY

Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon

RIVER

STATION

Bini
Bini
Vina Nord
Mayo Tsanaga
Mayo Tsanaga
Mayo Boula
El Beid

Berem
Warak
Touboro
Maroua
Bogo
Dargala
Fotokol

Logone
Serbewel
Bahr Aouk

LAT.

LONG.

Date
Surface
area (km²) creation

1585
1390
12.200
845
1535

07°33’
07°30’
07°45’
10°34’
10°44’

13°57’
13°51’
15°20’
14°17’
14°36’

12°22’

14°13’

Pouss
Maltam
Golongosso

10°50’
12°11’
09 0100

15°05’
14°50’
09 0900

Grébigi
Ouham
Ouham
Ouham
Bamingui
Nana Barya
Lim
Fafa
Pende
Korama
Maïnari

Kaga Bandoro
Batangafo
Bea-Bac
Bossangoa
Bamingui
Markounda
Sarki
Bouca
Bégouladjé
Koutchika
Mirriah

+070000
+071800

+0191100
+0181700

+065800
+063000

+074300
13° 22' 00''
13 42‘10‘‘

+0152000
+0181600
+0162700
08° 58' 00''
09° 11' 50''

5680
43650
13400
23150
4380
7700
1424
6750
5640
750
1024

Bagara-Diffa

13° 17' 00''

12° 36' 00''

115000

Niger
Niger
25 Nigeria
26 Nigeria
27 Nigeria
Nigeria

Kamadougou
Kamadougou
Kamadougou
Yedsearam
Ngala
Komadugu -Gana
Komadougou

Guéidam tchoukou
Bosso
Mbuli Bridge)
Alau Dam
Gapchi
Gashua Bridge

13° 05‘ 40‘‘
13° 35‘ 13‘‘
12.309080
11.722280

12° 29‘ 20‘‘
12° 58‘ 13‘‘
14.139630
13.284510

Nigeria
30 Nigeria
31 Nigeria

Hadejia
Challawa
Gongola

Hadejia
Chiromawa Bridge
Kaule

12.440730
11.611380
10.041890

1
2
3
4
5
6
7

Cameroon
9 Cameroon
CAR
8

10
11
12
13
14
15
16
17
18
19
20
21
22

CAR
CAR
CAR
CAR
CAR
CAR
CAR
CAR
CAR
Niger
Niger
Niger

23
24

28
29
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+0170500

+073800

+0165800

+062800
+073400
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+0172700
+0201100

10.030840
8.378010
10.968120
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Benefits and Key Objectives

1963
2013 Hydroelectric dam project
1963
1954 AEP Maroua and flood forecasting
1970 Maga Dam water inlet control
1953 Priority LCBC station

Evaluation of El Beid's contribution to Lake Chad

125.000

1982 Irrigation, Flood forecasting, Navigation and Maga retention management
1982
1952 Priority LCBC station
1952
1951
1958
1951
1952
1955
1970
1958
1951
1956
1976

Evaluation of the contributions by the Barh Aoûk to the Chari
Knowledge of the resource and development projects
Knowledge of the resource and development projects
Knowledge of the resource and development projects
Knowledge of the resource and development projects
Park, Hunting area
Knowledge of the resource and development projects
Agricultural Project
Knowledge of the resource and development projects
Agricultural Project

- Water Charter reference station

1957 - Evaluation of Yobe Kamadougou's contributions to Lake Chad, irrigation
1989
2011
- Water Charter reference station
- Water Charter reference station
- Evaluation of flows to the lake and determining losses in the plain

No COUNTRY
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

RIVER

STATION

Nigeria
Chad

Mada
Lim

Tede
Oulibangala

Chad

Logone

Chad

LAT.

LONG.

Date
Surface
area (km²) creation

9.015310
07°50

8.252780
15°50

Moundou

08°32

16°04

33,970

Pende

Doba

08°39

16°50

14,300

Chad

Logone

Laï

09°24

16°18

56,700

Chad

Tandjilé

Tchoa

09°20

16°05

5,870

Chad

Logone

Eré

09°45

15°50

Chad
Chad

Logone
Logone

Bongor
Logone Gana

10°16
11°33

15°22
15°09

73,700

Chad

Chari

Sarh

09°09

18°25

193,000

Chad
Chad

Chari
Salamat

Chagoua
Tarangara

Chad

Bahr Sara

Moissala

Chad

Bahr Sara

Manda

Chad

Bahr Azoum

Am Timan

Chad
Chad

Chari
Chari

Chad
Chad

4,360

Benefits and Key Objectives

1951 Priority LCBC station

Evaluation of the Lim's contributions to the Logone

1960 - Water Charter reference station

- Knowledge of the patterns and assessment of the contributions of the
upper Logone.
1966 - Water Charter reference station
- Evaluation of the contributions to the Logone and estimation of losses in
the ???
1953 - Water Charter reference station
-Flow of the Upper Logone before it enters the floodplain

1954 Priority LCBC station

Evaluation of the Tandjidé's contributions to the Logone

1948 - Water Charter reference station

- Evaluation of losses from the Logone due to defluviation towards the
Mayo Kebbi
- Water Charter reference station

1948
1953 - Water Charter reference station

- Flow of the Logone after the Yaéré and estimated contributions to Lake
Chad
1932 - Water Charter reference station
- Flow of the Upper Chari and withdrawals by the Compagnie Sucrière du
Tchad
- Water Charter reference station
- Water Charter reference station
- Salamat Barh's contributions to the Chari and balance of water losses in
the plain

17.76667

8.3333

67,600

1951 Priority LCBC station

09°11

18°12

80,000

1951 - Water Charter reference station

20.3000

11.0667

80,000

1953 Priority LCBC station

Bousso
Maïlao

10°29
11°35

16°43
15°17

450,000
480,000

1926 Priority LCBC station
1953 Priority LCBC station

Chari

N'Djamena

12°07

15°01

600,000

1933 - Water Charter reference station

Lake Chad

Bol

13°27

14°04
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Estimated flows from CAR

- Evaluation of the Barh Sara's contributions to the Upper Chari
Bahr Azoum flows before by the plain downstream of Am Timan

Flows from the Chari towards Lake Chad after losses by the Loumia
- Evaluation of the contributions of the Chari-Logone system to Lake Chad

1912 Priority LCBC station

Variation in water level, area and volume of water in Lake Chad

Figure A2.1 : Map of the Lake Chad-HYCOS project hydrometric network
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3.

TYPES OF EQUIPMENT

The equipment selected ranges from DCPs to data transmission via satellite to stations
equipped with simple staff gauges monitored by an observer. DCPs (transmitting via
METEOSAT) will be installed primarily in stations requiring real-time data feedback, or
isolated sites making it impossible to use any other type of transmission such as GSM, PSTN
or Radio. Data transmission via METEOSAT is a necessary choice since it is provided free of
charge by WMO for HYCOS. This mode of transmission also makes it possible to recover
long messages from multi-sensor DCPs. Since the outset of the WHYCOS programmes, this
system has been used in Africa for similar projects and Lake Chad-HYCOS should benefit
from the lessons learned to improve management.
However, we should point out that properly functioning DCP networks require regular rounds
of maintenance and troubleshooting, the frequency of which are often incompatible with the
generally limited budgets of the maintenance services in the sub-region. On the other hand,
experience has shown that the enormous possibilities offered by METEOSAT transmission
have rarely been exploited to the full. Moreover, DCPs are very vulnerable to vandalism
(particularly involving theft of the solar panel) because of their technical specifications. Even
so, we would recommend they be used on certain torrential water courses in the Lake Chad
basin and/or for specific needs for flood warnings, as well as for some stations that are
inaccessible during the rainy season. Technical specifications for acquiring the equipment
must focus not only on robustness but also on security. Given the development of GMS in
the sub-region, it is worth considering the purchase of electronic water-level recorders using
this technology for data transmission. This would make on-site installation much easier and
more stations could be equipped with the same budget.
Electronic water-level recorders with a simple mass storage device are also sufficient for a
number of network stations. Naturally, in addition to the equipment listed above, each station
is provided with the basic elements consisting of staff gauges. Ideally, each station should
also be monitored by an observer.
On the basis of requests from the NHSs, facilities already set up in certain selected stations,
and on the basis of the considerations discussed above, the choice of the equipment
proposed for the Lake Chad-HYCOS can be summarized as set out below in the four major
types.
Type A equipment
Standard station with reference gauges and a reader. Data is transmitted by the station or
collected by visiting control teams. This is the basic station type. Observations are
transmitted on a monthly basis to the service responsible for management via locally
available channels. The observer should ideally be provided with logbooks and prepaid
envelopes for the year.
Type B equipment
Type A station equipped with an electronic water level recorder, consisting of a water level
sensor and a data storage device. This type of station removes the need for tedious recounts
and manual data entry, which can easily lead to errors.
Type C equipment
Type A station equipped with an electronic water level recorder with an associated modem
for sending data via GSM.
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Type D equipment
Type A station equipped with an automatic satellite transmission DCP. This is the typical
equipment configuration for standard HYCOS satellite transmission installations.
Depending on the practical conditions at sites and/or the importance of some stations, some
of the proposed equipment can be doubled up with a mobile phone that the observer can use
to enter the NHS or the project's regional unit in the event of emergency events or equipment
failure.
4.

STANDARDS FOR LAKE CHAD-HYCOS GAUGING STATIONS

One of the objectives of HYCOS projects scheme is to guarantee the quality of the
hydrometric data collected. Quality observations are a prerequisite for good quality data and
these in turn are dependent on field installations and the approach to management and
observation. Quality assurance within this project involves a series of criteria, similar for
every station, governing installation, monitoring and management. Of particular note within
these criteria are the following requirements:
Obligatory observer
Whatever the type of equipment present at a station, each must have an observer where
possible. If the station is equipped with a DCP, the observer will provide back-up monitoring
of basic data, with these readings enabling corrections to be made if necessary. The
observer will also guard the equipment. The theft of solar panels is currently the main reason
for failures in African broadcasting networks. Remuneration for the observer must be set at a
suitably attractive level. The observer must be prepared to perform additional observations
such as rain gauging and possible water sampling. It is also essential that the observer take
responsibility for sending water level and rainfall data to NHSs on a frequent and regular
basis and outside the context of monitoring visits.
Sets of staff gauges in good condition
The set of staff gauges is at the very heart of the system. It is essential that these staff
gauges be properly calibrated relative to one another and that the settings remain
unchanged over time. There can be notable differences in the relationship between stage as
read off the staff gauge and that measured by the water level recorder, particularly during
high flow periods. Specifically, the recorder measures hydrostatic pressure above its intake,
which is generally located at low flow level. High-flow water level readings are taken off the
staff gauges, located on the banks and often some distance from the main course of the
stream at its low flow stage. For certain rivers, differences of over 10 cm may be observed
between the readings taken from the staff gauges and the water level recorder, despite the
recorder apparently functioning normally. In such cases, the reading taken off the scale
should be used, since it forms the basis of discharge calculations.
The staff gauges at these stations must be properly calibrated, legible and attached to a
solid, stable and easily locatable benchmark. Current settings should also correctly
correspond to those used during the period when sets of high flow readings were carried out.
Benchmarks
Each station requires a series of markers, to enable occasional control measurements to be
carried out:
-

Markers for staff gauge positioning;
Markers for locating the line of the cross-section profile at the level of the staff
gauges;
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-

Markers for locating the high flow measurement section profile;
Possible profile marker at the level of the downstream control crest.

All of the above will be benchmarked against each other and plotted on the topographic
survey for the station.
Cross-sections regularly performed
Various topographical readings will need to be taken at each station at the beginning of the
programme during the course of the first working visit. On this occasion, a cross-section
profile will be performed at the level of the staff gauges. If cross-section profiles have been
carried out previously and if their location can be identified, they will subsequently need to be
performed at the same point.
Each cross-section profile must be benchmarked against a location marker and expressed in
a single benchmark system.
High flow gauging site
The site at which high flow gauging is conducted at each station must be kept clear and
unobstructed. Wherever possible, access for vehicles should be created and kept passable.
Float gauging
For certain stations in inaccessible locations or at which gauging during flood events is
difficult, it will be necessary to establish a float gauging site with markers placed on each
bank.
Rain gauge
Each station must be equipped with a rain gauge, with readings carried out by an observer.
This device must be managed in accordance with the standards established by the
Meteorological Service of the country concerned. The rain gauge will often be placed in the
care of the observer for security reasons, if there is a suitable site for this. Precipitation data
must be transmitted to the NHSs with the same frequency as stage readings.
Standard observation log
A standard model of stream stage log (to be provided by the PMU) must be used at all
stations ("Lake Chad-HYCOS" model). In particular, this must allow for at least three
readings per day with the actual times of observation. Three copies per month must be
included. The log must also contain an entry corresponding to the hydrological number of the
station.
Site maintenance
In addition to keeping the installations secure, the observer must ensure their upkeep and
that of the immediately surrounding area, which must be kept clean. This refers in particular
to the site of the hydrometric installation and all related sensors, including any rain gauges.
Station file
Each station must have a file containing any documents concerning its previous and current
operation. In particular, this file must include the most recent topographical readings and the
complete DCP installation sheet.
A field identification sheet should be prepared for each station, and should be removed by
teams visiting the station. This sheet will provide all necessary information concerning the
hydrological functioning regarding the station, as well as details of its equipment. It will also
contain the current valid rating curve.
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Training Programme

TRAINING PROGRAMME

1. GENERAL OBJECTIVE
The training programme proposed within the framework of Lake Chad-HYCOS aims mainly
to establish a permanent operational hydrology training structure to retrain the main
stakeholders on the ground, i.e. NHS staff. The proposed programme must provide training
for trainers who will pass on training back in their country.
It should also provide training courses for capacity-building of certain PMU staff to ensure the
quality of the project deliverables. Among other things, training should cover familiarity with
the procedures of project donors, installation and maintenance of new generation equipment
and the use of certain products, such as new software. This training component, including
the cost, will be redefined in the project document to be drafted during the preparatory
phase. This is also the case for the number and content of the training modules.
One of the main objectives of the project is to find a solution to the issue of the regular and
consistent funding of the activities of National Hydrological Services to ensure sustainability
of national hydrometric monitoring networks. It is therefore important to raise the awareness
of policymakers and users of hydrological information to achieve independent funding for
hydrological monitoring in the wake of the project. Such activities should be performed during
the various meetings with stakeholders, but it is also important to organize awareness-raising
workshops for the principal users of water information in the various countries taking part in
the project. The exchanges with users of water information held during these meetings will
also help to find out their information needs (the nature, timing and frequency of provision of
data, etc.).
A refresher course for observers is also planned in each participating country, since practical
hydrometrics requires the service of observers of the hydrometric network. Such people
normally live near the hydrometric station and are recruited voluntarily to guard the facility
and read variations in water levels on a set of staff gauges installed on the banks of the
watercourse, dam, lake or pond that is being observed. These observers are generally not
employees, but receive payment for the limited time they spend each day reading the
gauges. Their work is also important for monitoring the system of watercourses and their
familiarity with water resources and consequently for development projects related to water
in the region or country concerned. Their daily work is becoming more and more complex as
new-generation equipment is developed.
Apart from the components of a hydrometric station, training will focus primarily on reminding
participants of the essentials of gauging, its working principles, and on maintaining
equipment used for data acquisition, the role of the National Hydrological Service (NHS), the
observer's responsibility and the significance of his work, in particular the importance of data
for producing hydrological information. The concepts of preserving readable data and how to
send these to the NHSs will also be discussed.
Ongoing training for NHS staff will cover topics of direct interest to developing the activities of
the Lake Chad-HYCOS project. These training courses are offered as stand-alone modules.
Some are aimed at staff responsible for taking hydrological field measurements and
everyday work of processing measurements. Others are of interest to senior technicians and
engineers and cover topics related to network management and advanced data processing.
Training will be organized at the sub-regional level and will include theoretical teaching and
practical work applicable in the field. The training modules addressed to technical
hydrologists will be attended first by future trainers (either at the PMU or in an LCBC member
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country with appropriate facilities), who will then have to organize them at their services.
Each module comes with full documentation concerning theory courses and presentations
and all necessary printed material for implementing the measures and controls, as taught.
The average length of modules will be one to two weeks for a total of 10 trainees, two per
country.

2.

LIST OF MODULES OFFERED FOR ONGOING TRAINING

Module 1

Topography and Stage recording

Module 2

Conventional flowmetry and ADCP

Module 3

Rating curves of hydrometric stations

Module 4

Installation and management of electronic water-level recorders and DCP

Module 5

Management and maintenance of hydrometric databases
Developing hydrological information products

Module 6

IWRM and hydrological skills

Module 7

Data management quality system

Module 8

Hydrological modelling and forecasting

3.

CONTENT OF THE TRAINING MODULES

Module 1 Topography and Stage recording
General principles of topography employed in hydrology
Use of different types of levels and new equipment
Use of different topographical logbooks
Exercise in fast and accurate reading of test charts
Walk-through and closure
Checking the calibration of staff gauges
Performing cross sections
Performing longitudinal profiles
Benchmarking of flood marks
Topographical surveying of a station
Graphical representation of field and computer-generated data
Role of a stage measuring station
Different types of station
Introduction to control sections and control crests
Criteria for choosing a stage-measuring station
Identifying sites for stage-measuring stations
Identifying bankfull stage
Installing a station
Sketching and freehand drawing a station
WHYCOS regulations
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Module 2 Conventional flowmetry and ADCP
Taking readings with a stream velocity meter
High flow gauging from a boat
Low flow gauging
Taking readings with a winch and cableway
Processing data from readings
Manual plotting of data on to a graph
Automatic data processing
Float gauging
Low flow gauging
High flow gauging
Principles
Method of implementation
Graphical data processing
Direct methods
Identifying bankfull level and calculating discharge on the basis of field variables. rating curve
Use of the Manning-Strickler formula
Constructing a theoretical rating curve.
ADCP gauging
Presentation of the method and limitations on its use
Presentation and maintenance of equipment
Different installation modes
Initialization
Implementation
Interpreting images in the field
Retrieving field data
Desktop work on data
Module 3 Measuring conditions and rating curves of hydrometric stations
Control and maintenance of station sites
Choosing the section to be measured and the gauging method adapted to water height
Errors related to equipment used and/or improper maintenance
Constructing rating curves using readings
Investigation and field analysis of the various hydraulic characteristics of a hydrometric
station
Evaluation of a series of water level readings from a station
Evaluation of a series of gauge readings
Recovery of historical data
Methods for monitoring values for mean flow between stations
Proper upkeep of the station books
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Module 4 Installation and management of electronic water-level recorders and DCP
Basic concepts in electricity and electronics
Binary code
Introduction to principal components
Solar power supply
Principles and operation of sensors
Programming data-acquisition units
Practical work and routine repairs
Operating principle
Refresher course in basic electrical concepts with practical work and measurements
Dismantling and complete re-assembly of a DCP device
Checking transmitters and parameterization
Troubleshooting and repair
Choice of installation site
Installing devices in the field
Introduction to field management sheets and their use
Sorting memory cards and retrieval of data
Introduction to the management and monitoring of material and components

Module 5 Management and maintenance of hydrometric databases, developing
hydrological information products
Fundamental database concepts
Organization of standard hydrological databases
Organization of WISE-HYDRO-type hydrological servers
Training of data handling chain administrators
Use of hydrological statistics software
Developing and disseminating hydrological information products
Concepts on the Hydrological Information System.

Module 6 IWRM and hydrological skills
Water resources and development
Water resources and health
Planning
Legal aspects of the management of transboundary water resources
Network architecture
Management rules for a simple hydrometric network
Management rules for a remote broadcasting network
Network optimization
Development of network data
Organization of a Hydrological Service
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Module 7 Data management quality system
Fundamentals of data quality
Accuracy of the equipment used for measurement, reading errors and spread of the
amount measured or uncertainty about the measurement
Choice of instruments and reducing measurement error
Control and validation of hydro-climatic data
The quality management system in NHSs and minimizing errors to improve data quality
within NHSs
Quality assurance and its importance in disaster risk financing and financial risk transfer,
such as weather indexed insurance, etc.

Module 8 Hydrological modelling and forecasting
Fundamentals of hydrological modelling and forecasting
Different types of models used in hydrology and hydrometeorology
Using models to produce information in hydrology
Uncertainties related to the use of hydrological models
Case study: using the LCBC's hydrological model to forecast flows into Lake Chad
tributaries

4.

PRACTICAL ORGANIZATION

Training sessions are usually held at the headquarters of the LCBC, or possibly in one of its
member countries. Some modules require practice in the field, therefore it is essential to
have facilities and adequate conditions for organizing practical exercises close to the course
venue. Trainer training can be arranged individually or in groups
For more theoretical modules, the criteria for choosing the venue can be more flexible but
skills and equipment available (rooms equipped with dedicated training computers for
example) must remain the priority criteria. Therefore, the modules concerning database and
network management should be organized in countries where water services are well
organized and have efficient IT equipment. For the organization of certain modules requiring
equipment in good working order, funding will be required for repairs under the training
budget.
Trainers should return to their home countries to pass on their knowledge as soon as
possible (in project financing).
Training must be provided from the start of the development phase of the project and must
be synchronized with the progress of the programme. The modules on stage recording,
topography and flowmetry will be organized first, to ensure that rehabilitation work of the
stations and performance of field measurements are carried out correctly. However, we
advise against organizing the module on electronic water-level recorders and DCPs before
the infrastructure is actually available and/or operational in the countries.
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Training staff
Training of trainers
Courses must be led by a specialist (with the option to call in a consultant). The main
organizer will be assisted by a deputy. If the organizing team is not based in the country
where the course is being held, its members should arrive a week before the course to
organize the various activities and carry out field reconnaissance if necessary.
Trainees, who will become future national trainers (two per country) must be selected from
among those operatives who already have experience of the topic covered by the chosen
module. To ensure that this requirement is met by all countries, the PMU should be able to
refuse a candidate nominated by his country if his profile is not consistent with the conditions.
In particular, the training modules on stage recording, topography and flowmetry should be
monitored by supervisory staff who already have proven experience in the field. Generally,
these training courses are not intended for operatives without experience in hydrometry.
Passing on training in the home country
Trainees will return to their countries equipped with the teaching skills to enable them to
quickly organize a training course covering the module in which they themselves have been
trained. Priority for course attendance should be given to those operatives who will be called
upon to work at Lake Chad-HYCOS project stations. These national courses should be held
within two months of the trainer’s own course. To guarantee quality and the resulting added
value, it is desirable for certain training courses in the home countries to be run by staff from
the PMU, another partner institution or a specialist in the subject concerned, to be mobilized
by the project every now and again. It is also important to organize several sessions by
countries on the most important training modules (including those relating to the use of
state-of-the-art equipment) during the four years of the Lake Chad-HYCOS project.
Budget
The total estimated cost of the ongoing training activities for NHS staff amounts to
380 000 euros (about 8% of the total project budget), or a little less than 50 000 euros
per module. These estimates represent the maximum cost. Certain modules are less
expensive to run than others, since some training topics have been combined to reduce
costs.
The total cost of organizing retraining workshops for observers in the participating countries
is estimated at 50 000 euros, i.e. 10 000 euros per country. This is also a rough estimate,
given that, among other things, the number of observers varies from one country to another.
The organization of awareness-raising workshops for water stakeholders in the countries
(two workshops per country during the first two years of the project). The total cost of the
workshops in the home countries is estimated at 100 000 euros, or an average 20 000 euros
(10 000 x 2) per country.

The total cost of organizing training sessions and awareness-raising workshops is estimated
at 530 000 euros, or about 11% of the total project budget.
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Hydrological Information Products for Users
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The purpose of the Lake Chad-HYCOS project is to contribute to the socio-economic
development of the countries of the basin, while preserving ecosystems, through concerted
management of water resources. To achieve this objective, the project should contribute to
producing tools to aid decision-making for a responsible and sustainable management of the
basin's natural resources. Implementation of the project will therefore serve the interests of
all the stakeholders and users involved in an integrated approach to water and land
management throughout the watershed, including hydrological forecasts tailored to the
different types of use of the basin's resources. It is well known that the natural resources of
the basin in general, and its water resources in particular, are facing increasing pressure
(potential source of conflict between uses and between users) linked to various human
activities. The information system must therefore produce rigorous scientific information to
contribute to efficient, shared and responsible decision-making.
An initial, non-exhaustive list of project beneficiaries is set out in the project document as a
result of a survey of questionnaires completed by the NHSs and consultation visits
conducted in the various countries. It includes existing users of hydrological information
supplied by national services or gathered directly, along with other potential clients who may
be interested in real and near-real time information or the derivative products created on the
basis of this data. This primarily means:
- Riparian populations, currently estimated in the tens of millions,
- The institutions responsible for operational hydrology in the countries concerned,
- Policymakers in the countries of the basin,
- Agriculture and livestock services,
- Fishery services,
- Navigation services,
- Drinking water supply companies,
- Environmental monitoring bodies,
- Managers of dams,
- Commercial and industrial institutions in the countries of the basin,
- Insurance offices and research firms,
- Scientific research institutions,
- Regional and international institutions.

HYDROLOGICAL INFORMATION PRODUCTS AND CHANNELS FOR DISSEMINATION
The preliminary draft proposed here should be confirmed and completed after in-depth
surveys and consultation visits conducted with key beneficiaries during the preliminary phase
of the project and/or during awareness-raising workshops planned under the project. The
preliminary requirements expressed concern:
-

Real-time or near real-time flow information. The ability to make flood and low-flow
predictions (hydrological model for predicting runoff in some sensitive areas of the
basin) may also be considered;

-

Flood forecasting (especially upstream of major dams and urban centres) and low
flows;

-

Knowledge of cross-border flows;

-

Knowledge of expected and actual levels of flooding in floodplains;
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-

Knowledge of production rates by country and basin;

-

knowledge of the mean contributions of small watercourses in order to perform small
water projects;

-

information on water quality, particularly around urban perimeters.

To this list we should add the metadata provided to answer basic questions from users. This
is information on the spatial and temporal characteristics of available data (station name,
username, watercourses, sub-basin, country, coordinates, altitude, BV area, creation date,
equipment, station aims), their quality, completeness, owners, terms and rights of use, etc. It
should be noted that this is a list of basic products which can be completed depending on the
availability of data and ability of the PMU and SNH to produce them.
The LCBC website, the operation of which will require some support/improvement, is the
main channel for disseminating the information. However, public and private media and
scientific journals would also be suitable channels, depending on the nature of the
information to be disseminated. Since GSM has spread throughout these countries,
information can also increasingly be sent to the population using this technology.
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Summary table of basic hydrological information products
Ref.
Product

Designation

Reference data

Observations

Identification and information on the data available

P3

Description file of
hydrometric stations
Description files of rainfall
stations
Description file on quality
measurement stations

P4

Description file on dams

P1
P2

List of hydrometric stations
List of rainfall stations
List of water quality measurement
stations
List of major dams (existing or
proposed) on the basin

-

Hydrological information products

P5

Hydrographs of key stations

P6

Any relevant piezograms of
key stations

P7

Monthly hydrological bulletin

P8

Real-time dynamic flow map

P9

Dynamic map showing the
location of the current
monthly rates compared to
historical flows for the same
month

P10

Mapping flooded areas of the
basin

P11

Dam level graphs:
developments in daily water
depths and volume over time
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Daily flows of key stations,

Monthly/
Daily for
telemetered hydro
stations

Variations in the piezometric level in
key stations

Monthly/
Fortnightly to
weekly during the
rainy season

Table of monthly average flows and
statistical data on hydrological stations
(Statistics on annual and monthly
flows, known maxima)

Monthly

Instantaneous flows on stations
remotely transmitted by satellite

Every 12 hours

Monthly flows / Statistical data on
monthly flows

Data on rains and floods

Daily water height in dams
(bathymetric curve)

Page4

This map is
particularly
important, since it
makes it easy to
identify critical flow
situations in the
basin: major floods,
severe low flows,
etc.
This map is
particularly
important for the
basin. It provides
an idea of fisheries
production, floodrecession crops
and the quality of
dry-season grazing
Monthly/
Daily for
telemetered hydro
stations
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Ref.
Product

P12

Designation
Graphs on the filling level of
Lake Chad, developments in
water depth, area and
volume of the Lake over time

P13

Hydrological yearbook of the
Lake Chad Basin

P14

Data table available on the
quality of surface and
possibly groundwater
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Daily water height in the Lake

Daily flows at all stations in the project;
Drainage assessments by sub-basins
and by country: annual and
interannual production volume in the
Lake Chad basin.
Monthly measurements of the
following parameters [Temperature,
conductivity, pH, dissolved oxygen,
turbidity] on quality stations.
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Observations
Monthly/
Fortnightly to
weekly during
floods

Annual

Monthly
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Hydrological Data Handling Hardware and Software

The data collection system for the Lake Chad-HYCOS project is illustrated by the diagram on
the next page.
There are three possibilities for sending data collected in the various countries of the LCBC
to the PMU:
-

Automatic data transmission from DCPs via satellite (METEOSAT) and/or the GSM
network and Internet;

-

Data transmission via telephone/radio network or e-mail, passing first through the
National Hydrological Service and then by Internet between the NHSs and the PMU;

-

Manual transmission by conventional routes.

The hydrological databases of the PMU and in the NHSs are centralized, and should
preferably be managed using a software tool common to all staff of the same NHS and for all
the participating NHSs and the PMU.
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Data source
METEOSAT
satellite

LAKE CHAD-HYCOS PROJECT
SCHEMA OF WATER DATA
COLLECTION AND PROCESSING

STATION equipped with
DCP type reader
(automatic)
STATION equipped with
Reader with transmission by
telephone, radio, emails
EUMETSAT database server

(Observer)
STATION equipped with
reader with no transmission

INTERNAL

Periodic visit

FEATURES
- Data collected
. Instant height measurements
. Calibration curves
. Gauging
. Daily flow rates
. Some rainfall data from DCPs
- Database at PMU and NHS level
.
. Database software identical to PRC and in
countries.
- Database Server
. Server Type: IBM X3500 Dual processor
. 1 Intel XEon Dual core 3.06 Ghz processor
. 4 GB RAM (2 GB for the countries) Ext 64 GB
. 8 Hot Swap Disk Bays
. 4 X 146 GB drives (2 x 146 countries) Raid 1.
. Windows 2003 Server R2 Standard Ed. 5 cals
. 2 Redundant Hot Swap Power Supplies
. 1 DVD burner, 1 DVD Player
- NETWORK
. One wired LAN with 1 Mbps BLR Internet access,
firewall protected;
. DHCP LAN managed by two servers (Linux and
Windows)
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NHS database server

Via Internet,
Phone or
Mission

Via
Internet

PMU network
PMU part

PRC hub

HUB
PRC database server

Analysis/Criticism PRC Data
NHS hub

HUB

Data Collection Assistant
Hydrologist responsible

Operator Entry

Page 2

Annex 5

User

I - COMPUTER EQUIPMENT
The computers to be acquired for the project activities must be latest generation with the
usual accessories:
-

Windows operating system

-

A4 and/or A3 printer

-

21-inch display, fast graphics card, integrated modem

-

Inverter and voltage regulator allowing protected system operation for at least fifteen
minutes in the event of a power failure

-

Backup devices (external hard drive)

-

Ethernet, USB ports

-

Licensed office software, Internet, Antivirus

-

Consumables and accessories needed during the project (paper, DVD, USB sticks, ink
cartridges, etc).

I.1 - Equipment of the NHSs
The equipment to be provided to the NHSs comprises a standard lot with a database server
and workstations. However, questionnaires and preliminary missions have shown there to be
a technological gap between countries, with the hardware already available varying greatly
from one NHS to another. Similarly, some countries already have a server and DB
management software acquired as part of other HYCOS projects underway. Under these
conditions, and according to existing equipment and its operational status, the IT tools
provided to improve management capacity and data processing will vary according to
country.
Laptops are also vital for specific activities such as gauging at the ADCP, visits to the DCP
and digital water level recorders on the ground; for maintenance, troubleshooting or data
collection. This equipment is also vital for entering/recovering data from external services.
I.2 - Hardware of the PMU
The hardware required for the PMU to operate will be defined in the context of a complete
installation of a host structure that is not yet equipped. Please also note also that a generator
(or any other energy supply such as solar panels) is not indispensable to ensure/guarantee a
continuous supply of electrical energy. However, the initial plan may be modified during the
preparatory phase of the project after the equipment is up and running at the LCBC when
project activities begin.
The equipment to be provided to the PMU will comprise servers for the database and the
Hydrological Information System, the capabilities and characteristics of which will be defined
with regard to other applications and equipment available to the LCBC. The server hosting
the database should preferably run under an ORACLE-type application. This application
requires considerable resources and a high-quality machine to ensure optimum operation. All
the computers at the PMU must work be networked.
For NHS's, laptops are also indispensable for the same reasons as those mentioned above,
but also to perform demonstrations during supervision missions in the countries, etc.
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II - HYDROLOGICAL DATA HANDLING SOFTWARE
II.1. Background
The LCBC member countries have a host of tools and hydrological data management
software provided by partners/projects or created by National Hydrological Services
(HYDROM, THYDIP, HYDROMET, HYDRACCESS, etc). Besides the fact that such a wide
variety of programs does not facilitate data exchange, not all of these tools are suitable for all
types of processing, or to provide all the information products required within the Lake Chad
HYCOS project. With the advent of current technological developments, this situation is
unable to effectively meet the needs of NHSs.
II.2 - Overall objective
The overall objective is to develop a sustainable system for the collection of quality data and
produce tailored information for decision support in various fields of hydrology and the
management of natural resources.
The software package must be designed for use at a regional level, but also at NHSs. It must
make it possible to manage the complete range of water resources data within an individual
country and at basin level:
• Surface hydrological data;
• Hydrogeological data;
• Cartographic data;
• Water quality data;
• Climate data.
It should also enable the basic processing, monitoring, interpretation and storage of field
data. The data collected at a national level are submitted to the regional level and entered
into the regional database for the purposes of monitoring the hydrological season and
developing relevant decisionmaking tools. Data are regularly backed up to facilitate recovery
in the event of malfunction. Products deriving from these data and metadata will be
disseminated on the Internet via the regional project unit's website. The unit will ensure that
the agreements entered into with countries concerning the regulation of access to basic data
are scrupulously adhered to. It must be possible to regulate access to the database to
ensure data quality.
II.3 - Specific objectives:
−
−
−
−

Improved data management at national and regional level;
Automatic retrieval of some data output from other applications or devices
(DCPs, electronic water-level recorders, etc.);
Data sharing with other applications (data import/export);
Providing high quality data at a national, regional and international level;
Improved information flow between project partners, especially NHSs and the
PMU;
Capacity-building for national stakeholders, enabling them to supply
information to assist with decision-making;
Facilitating access to data for scientific researchers and organizations.
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II.4 - Outcomes to be achieved
-

Consolidating the existing data handling and storage system;
Harmonizing and updating data management tools;
Creating a framework for information exchange between technical services;
Creating relevant products to facilitate decision-making;
Increasing the visibility of available data and facilitating access to data and
information;
Facilitating access to basic or aggregated data for different grades of users
according to their specific needs.

II.5 - Characteristics of the data management software
Given the basic IT skills of future users of the software within the NHSs, the tool chosen must
be easy to use so that the various levels of users can find the information and products that
they need. Whenever possible, a common tool should be adopted for the project's Regional
Unit and the NHSs. Such an approach enables data to be shared easily whilst also reducing
the number of data access gateways required.
Moreover, a single, centralized system of shared data management is required to avoid any
data redundancy and to ensure that data are updated in a uniform fashion. A multi-user
system is therefore indispensable. This in turn requires a Database Management System
(DBMS) with sufficient capacity to host a large database. Bearing the above in mind, Oraclebased DBMSs would be the tools of choice for setting up a basic platform. The product must
make it possible to treat all basic data, to process all types of records (including the new
generation tools such as digital water level recorders), gaugings at the ADCP, etc. The
functions should contain data control modules and wizards for replacing gaps by correlation
between stations. This software must allow the following functions:
-

Management of the complete range of hydrological and climatological
parameters;
Ease of use, with only basic IT skills required;
Easy export to other types of application;
Solutions to the pitfalls experienced with current hydrological data
management software (duplicate and incoherent data);
Total or partial integration of the functionality offered by applications currently
used by member country NHSs;
The ability to browse through measurement data and process all readings from
a given station, thereby enabling it to be monitored and assessed;
Processing of data from lakes and dams;
Effective data monitoring modules and generation of missing data;
Publishing templates (bulletins, yearbooks, specific notes, high flow, low flow);
Generating printable outlook maps from basic data;
Etc.

The software must also be able to retrieve old data available on other databases. It must also
propose automatic acquisition modules for METEOSAT-type data from DCP with an
automatic system for quality control of the data received. It must allow sharing of basic
information and some applications with decentralized management services and be
compatible with intranets where these exist.
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II.5.1- Updating data management software applications
A web-based Technical Resources Centre will be set up to facilitate the maintenance and
appropriation of software. This will enable users to access and download the most recent
versions of software. An FAQ section, example modules, tutorials and manuals will also be
put on line to help users to become familiar with the software.
II.5.2- Creating a framework for interaction between services
The idea is to provide technical services with an FTP server with a user-friendly interface to
download and upload data for the various partners.
For exchange of information: a framework for technical interaction between local data
administrators will be established. It will also be possible for members of the network to
update one another on the progress of activities at their respective sites (available data,
mobility of managers, etc.).
II.5.3- Implementation of effective systems to assist with decision-making
In particular, a software application that renders database content useable and generates
output that can be used directly in reports.
II.5.4- Increased visibility for available data
Here, the aim is to highlight the range of data available on the various websites in an
appropriately complete and structured way, with a view to generating interest among
potential users.
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