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Abstract: Lake Chad is a tectonic lake formed as a result of earth movement. The lake is shared by five countries of 
Cameroon, Chad, Nigeria, Niger and the Central Africa Republic. Over thirty million people depend solely on the 
renewable natural resources of the basin for agriculture, animal husbandry, fisheries, recreation and other socio-
economic activities. The Lake is in a hot and arid climate, where the rate of evaporation exceeds precipitation. The 
essence of this study is to access the causes of the decline in volume of the Lake and to proffer solutions. Satellite 
imageries of 1963 to 2000 were observed and they reveal that the lake has been environmentally reduced to cover 
only about 3% of its 1963 area size. The hydrostratigraphy and hydrodynamics play a role in the recharge of the 
lake. The upper aquifer of the southwest portion of the basin consists of a Quaternary phreatic aquifer made up of 
fine-grained sediments approximately 30 m thick and is hydrologically connected to the Lake. Anthropogenic 
influence on the Lake is worrisome. The excessive use of lake waters for irrigation and construction of dams are 
causing a massive reduction in the water volume. A similar environmental disaster occurred in Lake Aral in the 
Former Soviet Union. Unsustainable water management is complicated by lack of proper irrigation systems and 
resulting in salt accumulation in the soil. The countries of the LCBC have drawn out modalities for saving the lake 
which includes channeling the Bangui River from the Central Africa Republic to the lake. Anthropogenic activities 
need to monitored and planned in such a way that runoffs are redirected into the lake. A proper articulated 
hydrogeosystematics is required to solve the ecological mayhem and to safe the riparian countries from 
hydrogeonthropocide. 
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unsustainable water management  
 

INTRODUCTION 
 

The tectonic land- locked Lake Chad in central 
Africa is shared by five countries of Cameroon, Chad, 
Nigeria, Niger and Central Africa Republic (Fig. 1). It 
is occupied by thirty million people who depend solely 
on the renewable natural resources of the basin for 
agriculture, animal husbandry, fisheries, recreation and 
socio-economic activities. The lake is in a hot and arid 
climate region of Africa, where the rate of rate of 
evaporation exceeds precipitation. The lake has 
adversely been affected by both climate change and 
human interference of the basin ecosystem (Ibrahim 
and Nichol, 2008). The first images of the lake obtained 
in 1960 show that the lake was approximately 25,000 
km2 (Coe and Foley, 2001). LCBC (2003), observed 
that over the last 40 years, the lake has shrunk to less 
than 2,000 km2, affecting the 20 million people of the 
region who depend on the lake for their livelihood that 
are chronically vulnerable to food security. 

The lake is said to doubles in size during the rainy 
season and seasonal flooding is caused by annual 

inflow of water from Chari and Logone Rivers which 
contribute about 90% of the water entering the lake. 
Water starts to move from the southern part of the lake 
towards the northern part at the end of the rainy season 
which coincides with the peak period of greatest inflow 
from Chari-Longone River in mid October to late 
November. By early December the southwestern 
shoreline of the Nigerian part of the lake is flooded. 
The flooding varies from year to year depending on the 
annual inflow from the main rivers. These 
unpredictable lake level fluctuations often result in 
heavy losses of crops in the risk zone immediately 
surrounding the permanent area of open water (Ibrahim 
and Nichol, 2008). 

Due to the ecological disasters plaguing the area 
together with the remoteness of the area many satellite 
based studies on the ecology and implication of the 
drying up of the Lake Chad have been carried out. For 
instance, Carmouze and Lemoalle (1983) used Landsat 
image to access the extent of the lake. Africa and 
Lemoalle (1996) studied the flood conditions of Chari 
river inflow to the lake using METEOSAT. Birkett a 
Manson (1995) examined the relationship between
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Fig. 1: Regional map of the area showing the location of the Lake Chad 
 
Table 1: Stratigraghic sequence of Chad basin in NE part of Nigeria 
Age Formations Environment 
Pleistocene Chad formation (unconformity) Lacustrine strata 
Paleocene Kerikeri formation (unconformity) Continental strata 
Maestrichtian Gombe sandstone Estuarine-deltaic strata 
Senonian Fika shale Marine strata 
Turonian Gongila formation Marine-estuarine strata 
Cenomanian Bima sandstone (unconformity) Continental 
Pre-cenomnaian Basement complex  

 
changes in water levels to global climate changes using 
Radar altimetry. Franke-Sharfe and Skoropinsky (2000) 
studied the land use land cover change on the Firki 
Plains of the Lake Chad using SPOT data and aerial 
photo while Ibrahim and Nichol (2008) used ASTER 
data to validate information derived from MERIS 
which thus test the accuracy of the regional study of the 
whole lake.  

This study uses satellite imagery to access and 
review the rate at which the lake is drying up, 
highlighting factors that contributed to the drying up of 
the lake, the consequence of this decline in volume and 
proffers solutions to this ugly scenario.  

 
GEOLOGY OF CHAD BASIN 

 
Chad basin is a said to be the largest inland basin in 

Africa, occupying about 230,000 km2. It is the world’s 
third largest totally landlocked lake. The tectonic land-
locked lake is bounded and shared by Cameroon, Chad, 
Niger and Nigeria, along with Central Africa Republic 
(CAR), which make up the Lake Chad Basin 
Commission (LCBC). Geographically, the lake is 
situated between Latitude 12º 30 to 14º 30 N of the 
equator and Longitude 12º 30 to 14º 30 E of the 

Greenwich Meridian. It occupies both the Central 
Sahara and the southern Sudan with one tenth of the 
basin situated in the northern part of Nigeria. Within 
Nigeria the altitude of the basin from about 530 m at 
the western margin to about 300 m within the Lake. 
Matheis (1989) made a review of the geology of the 
Chad basin in Nigeria and gave stratigraphic sequence 
in the NE Nigeria (Table 1) 

Carter et al. (1963) correlated the basin to outside 
Nigeria. The Tertiary, marine sedimentation is said to 
continue in northern part of the basin until Eocene 
leading to a post-Eocene continental strata called 
“Gresdu-Niger”. Fluviatile sediments in northern 
Cameroon, the “Sable de Kelo” and the “Gres de Bedo” 
of Neogene ages are thought to be marginal facies of 
the Chad Formation. The Quaternary sediments of 
lacustrine and fluviatile origin, equivalent to the Chad 
Formation in northeastern Nigeria also occur in the 
Niger Republic Matheis (1989) (Fig. 2).  

The hydrostratigrahy and hydrodynamics of the 
area play a vital role in the recharge of the lake. Omali 
(2011) pointed out that the upper aquifer of the 
southwest portion of the basin consist of a quaternary 
phreatic aquifer which is made up of fine-grained 
sediments that is about 30 m thick and is hydrologically 
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Fig. 2: Geologic cross-section of the Lake Chad basin, showing the upper and middle aquifer zones within the Chad formation, 

separated by confining units (clay beds) 
 
connected to the lake. There is geological evidence 
from the Chad Basin of Lake level oscillations from the 
Late Pleistocene to the present. From 40,000 to 20,000 
years ago, numerous isolated smaller lakes occupied the 
Chad Basin. From 20,000 to 13,000 years ago, the 
Basin dried up, allowing the development of dunes on 
the basin floor to orient north-northwesterly and south-
southerly (Servant and Servant, 1983). Dune remnants 
are still present causing an irregular relief in the Lake’s 
basin, especially along the eastern shore. 

 
Hydrogeological setting: The sediments of the Lake 
Chad basin, a closed basin (with no outlet) in north-
central Africa, are derived from    the    African   Shield 
and are typically alkaline and contain highly reactive 
silicate materials (Fig. 2). The basin contains three 
major permeable aquifer units separated by confining 
clay beds, which represent lake bed deposition from 
times during which the lake was much larger. The 
Lower Zone confined aquifer is comprised of sand and 
clayey sand. The Middle Zone confined aquifer of the 
Chad Formation is comprised of fine to very coarse, 
uncemented sand. The Upper Zone consists of 
interbedded sands and clays that underlie a majority of 
the Lake Chad Basin region. This upper aquifer is 
considered to be unconfined. In the past twenty years, 
there has been a continuous lowering of the water table, 
as well as a reduction in the size of the confined 
aquifers. The climate of the region can be thought of as 
semi-arid with average precipitation rates (200 
mm/year) that are substantially lower than the high 
evaporation rates (2,300 mm/year). 
 

LITRATURE REVIEW 
 

Lake Chad is said to be the world third largest 
totally landlocked lake. The rich wetlands and the flood 

plains of this active basin have been serving over 20 
million people who reside within the basin and depend 
solely on the renewable natural resources of the basin 
for agriculture, fisheries, recreation and other socio-
economic activities. However, the volume of the lake 
has greatly fluctuated overtimes. There was a time in 
history when Lake Chad was so huge that contemporary 
historians refer to it as “Mega-Chad” (Glantz, 2004). At 
other times it may have even come close to extinction. 
These changes have more or less been on long time 
scales and were clearly caused by natural changes in the 
climatic system amidst other factors. The lake which 
derives its water from Yedseram Nagadda Rivers, the 
Chari River and other minor rivers has witnessed a 
drastic reduction in size, shape and content, which 
resulted in its shrinking from its original size of 23000 
km2 in 1963 to less than 304 km2 in 2000. “Lake Chad 
is about one-twentieth of the size it was 35 years ago”, 
says Coe and Foley (2001).  

The massive reduction in the size of the lake 
should however, not only be seen from a mere physical 
perspective as the socio-economic implication are 
worrisome. The effects of the fast decline in volume 
have included insecurity and pervasive poverty in the 
basin. These in turn, have led to continued degradation 
due to the symbiotic relationship between poverty and 
environmental degradation, which ultimately results in 
a vicious circle. Lake Chad is extremely dynamic. The 
norm is a variable state of constantly changing size, 
shape and depth, which occurs both annually and over 
decades and centuries. Modern Lake Chad is brackish 
water remnant of the Pleistocene Lake MegaChad 
(10,000-5000 years ago). Paleo-Shoreline studies have 
shown that MegaChad covered at Least 300,000-35000 
km2. Since at least 5000 years ago, the sub-sahara zone 
of Africa known as the Sahel has been progressively 
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desiccated. Palaeo-environmental evidence shows 
conclusively that the Lake completely disappeared 
several times in the past (Holz et al., 1984). There is 
geological evidence from the Chad Basin of Lake level 
oscillations from the Late Pleistocene to the present. 
From 40,000 to 20,000 years ago, numerous isolated 
smaller lakes occupied the Chad Basin.  

The basin was occupied by small inter-dunal lakes 
from 13000 to 10000 years ago that also fluctuated in 
their extent through time (Servant and Servant, 1983). 
The period from 10000 to 5000 years ago is known as 
Mega Chad (Lake area of 300,000-350,000 km2). At 
that time, the lake was thought to have the same volume 
as the Caspian Sea, presently the largest lake in the 
world. A strandline ridge that represents the old 
shoreline of Mega Chad can be traced through Borno, 
Nigeria and to the northeast of the present lakes. The 
ridge also extends to 130 km further southwest than the 
present shoreline. When mega Chad stood at its 
maximum, its waters overflowed from the basin in to 
the Benue river valley reaching the Atlantic Ocean 
through Niger. In the 19th century, reports of early 
explorer suggest that the take may have reached a 
higher water level than that during the present century 
(Tilho, 1910). Other observation suggests water level of 
the Lake Chad in the 19th century varied significantly, 
decreasing up to 50% in depth and extent (Servant and 
Servant, 1983). They concluded that in the early 20th 
century, there was a continued decline of the Lake Chad 
water level until eventually turned into marshland. 
Recent variation in volume of the Lake Chad up till 
1960, Lake Chad was the sixth largest lake in the world 
and the significant decrease of around 90% since the 
1960s now makes it now the 1511s largest lake in 
Africa (World Bank, 2002). In 1963, it covered an  area 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Graph showing the rate of decline in the volume of the 

Lake from 1960-1999 (LCBC, 2003 in Omali, 2011) 
 

of 23000 km2 and occupied first place among the inland 
lakes ahead of Lake Balkhash (18400 km) in 
Kazakhstan (Nami, 2002). The volume and area of the 
lake decreased between the 1960s and 1990s. Figure 3 
shows the decline in the surface area of the lake 
between 1960 and 1999. 

 
MATERIALS AND METHODS 

 
The materials used for the study are: 

 
 Corona space photograph of October 1963 from 

NCRS Jos (Fig. 4 and 5) 
 LANDSAT MSS of October 1972 from NCRS Jos 

(Fig. 4) 
 Landsat  TM of October 1982 from NCRS Jos 

(Fig. 4) 
 Landsat ETM of October 2000 from NCRS Jos 

(Fig. 4) 

   

 
 
(a) Lake Chad in October 1963 from corona space photograph; The Lake surface covered an approximate area of 22,902 Km2
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(b) Lake Chad in October 1972 from Landsat MSS; The Lake water surface reduced to about 16,884 Km2  
 

 
 
(c) Lake Chad in October 1987 from Landsat TM; The Lake water surface (blue) reduced to about 1,746 Km2 

 

 
 
(d) Lake Chad in October 2000 from Landsat ETM; The Lake water surface (blue) reduced to about 304 Km2 

 
Fig. 4: Showing the satellite images of the Lake Chad from 1963-2000 and their calculated area occupied (Jeb, 2012) 
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Fig. 5: The disappearance of Lake Chad from 1963-2001 at quick glance (Babagana Abubakar, 1997) 
 
Table 2: Rate of the drying up of Lake Chad 

Year Satellite image used Area cover (km2) 
Percent reduction in 
area from 1963 

Average rate of reduction 
in area/year (km2/year) 

1963 Corona image 22,902   
1972 Landsat MSS 16,884 26.28 601.80 
1987 Landsat TM 1,746 92.38 1009.2 
2000 Landsat ETM 304 98.67 480.67 
Authors’ Computation (2012) 

 
RESULTS AND DICUSSION 

 
In this study, Satellite imageries of 1963 to 2000 

were observed and they reveal that the lake has been 
environmentally reduced to cover only about 3% of its 
1963 area size Babagana (1997) and Jeb (2012). 1963 
was used as the baseline year because of the non-
availability of satellite imageries of the Lake before 
then. As seen from Table 2, the lake was 22902 km2 as 
at 1963. It reduced by 26.28% of its original area after 
ten years at an average rate of 601.8 km2 per year. 
Between 1972 and 1987, the area reduced further at an 
average rate of 1009.2 km2/year probably due to 
increased anthropogenic activities and prolonged 
droughts of the period. From 1987 to 2000, the rate of 
reduction dropped to 480.7 km2/year probably because 
there was more precipitation during this period than the 
previous one. 
 

FACTORS THAT CONTRIBUTE  
TO DECLINE IN VOLUME 

 
Anthropogenic factors: From the above calculation, 
the rate of reduction is geometrically increasing; this is 
attributed to anthropogenic factor. According to Omali 

(2011), this involves over-exploitation of the Lake for 
irrigated agriculture and animal husbandry. The amount 
of water diverted from rivers such as chari, Komadugu-
Yobe river to nearby fields over the past 40 years has 
affected the Lakes equilibrium. The Lake has shrunk 
drastically because of unrelenting human demand for 
water. Until about 1979, irrigation had a great impact 
on the hydrology of the region. Between 1983 and 
1994, the amount of water diverted for, irrigation 
quadrupled over water used for the previous 25 years. 
The modification of the Komaduu-Yobe River has 
greatly affected the volume of the Lake Chad. During 
the 1970s and early 1980s about 20 reservoir dams 
were built on the Hadejia river system, this negatively 
affected the hydrology of the Yobe River, the only 
flowing river into Lake Chad’s northern pool. About 
the 1960s discharge losses due to irrigation were almost 
no existent, however after 1983, precipitation continued 
to be low, but withdrawals due to irrigation increased. 
FAO (1997) estimated the gross irrigation water 
requirements for the Basin to be 16.5 km/year. A 
change in method of cropping from low (e.g., wheat) to 
high (e.g., rice) water intensive crops was a major 
factor causing the increase in water use, particularly in 
Nigeria. The reckless use of water for irrigation and 
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construction of dams are greatly destroying the 
environment around the lake which akin to the 
environmental disaster that occurred in Lake Aral in 
former Soviet Union (Omali, 2011).  

Aside irrigation over dependence on the water of 
the Lake and the surrounding flora for animal 
husbandry (consumption and grazing) has affected the 
decline in volume of the Lake. The amount of water 
consumed cannot be fully recharged as precipitation has 
dropped drastically over the years. Furthermore, over 
grazing of the environment in and around the Lake’s 
domain may have reduced the rate of evapo-
transpiration.  

 
Climatic factors: Another factor that contributed to the 
decline in the volume of lake include climatic factor 
simply because the Lake is located in a hot and arid 
climate south of the Sahara desert. This basin extends 
over three main vegetations, which are known for water 
scarcity, drought, desertification and ecological 
problems. The Lake Chad drainage basin, which is 
similar in size to the US Mississippi River basin, is a 
closed system that depends on monsoon rains to 
replenish the water, but the region is extremely 
sensitive to climate fluctuations and has experienced a 
significant decline in rainfall since the early 1960s. 
Lake Chad however has experienced great changes in 
size in history, due to fluctuations in climatic 
conditions.  

A recent report on climate change and hydrologic 
cycle suggested that, probably Lake Chad has been 
affected most by climate change (Glanzt, 2004). The 
Basin in which the Lake is situated is located 
predominately in the transitional zone between the 
Sahara desert and the savannah grasslands called the 
Sahel. The Lake is under the influence of the Inter 
Tropical Convergence Zone (ITCZ), which oscillates 
seasonally between about 15º N and 15º S (Le Barbe 
and Lebel, 1997). North of the ITCZ, high pressure 
originating from the Sahara prevents rainfall except 
during the Boreal winter when occasionally cold air 
descends from the north. Rain therefore only occurs 
over the region after the ITCZ has moved past this area 
towards the north (Le Barbe and Lebel, 1997). Several 
studies have shown that the hydrological cycle of the 
Sahel region that forms almost half of the Lake Chad 
region has changed over the last half of the last century 
(Lamb, 1978; Le Barbe and Leble, 1997). Coe and 
Foley (2001) recently demonstrated that annual rainfall 
around the Lake Chad have reduced and in turn led to 
drought and increasing desertification. 

Geological factor also contributed to the increase in 
the rate of decline in the volume of the lake. Omali 
(2011) demonstrated that, the South-West portion of the 
Basin, the Chad formation is composed of three 
aquifers referred to as the upper, middle and lower 
aquifers shared by the countries bordering the Lake 

Chad. These aquifers demonstrate the hydrodynamic 
linkage with the Lake Chad. The formation is overlain 
by Aeolian sands, fluvial, deltaic and lacustrine 
deposits approximately 1 to 6 m thick. Most of the 
fluvial deposit occurs in stream valleys. The upper 
aquifer consists of quaternary phreatic aquifer made up 
of fine grained sediments which measure up to 30 m 
thick. The middle aquifer is a continental terminal 
aquifer that essentially comprises an alternation of 
sandstone and clay encountered between 450 and 620 m 
from the surface, extends from Niger and Nigeria into 
Cameroon and Chad. He concluded that the lower 
aquifer is a continental hamadian aquifer that consists 
of sediments deposited in the Cretaceous. The upper 
aquifer that underlies the Lake Chad is not continuous 
all over the basin area and recharge conditions are poor. 
Natural recharge occurs primarily by influent seepage 
from seasonal streams and perennial rivers. The upper 
aquifer is separated from the underlying middle aquifer 
by the lower Pliocene aquifer found at depths of 
between 150 and 400 m and it approximately 200 m of 
clay-rich sediment. In some parts of the Basin, this 
aquifer is artesian. 

 
Consequences of the decline in the volume of the 
lake: The consequences of the drying up of Lake Chad 
are: 
 
 According to Lake Chad Basin Commission 

(LCBC, 2003), is home to about 20 million people. 
These include 11.7 million in Nigeria, 5 million in 
Chad, 2.5 million in Cameroon, 634000 in Central 
African Republic (CAR) and 193,000 in Niger. 
Scarcity of food to over 20 million inhabitants of 
the region is the major effect of this ugly scenario 
as the people of the basin have become vulnerable 
to food insecurity. FAO (1997) statistics have 
shown that the food situation in Niger and 
particularly Chad are precarious as a result of 
rainfall deficits. In Niger and Chad both of which 
are downstream of the Komadugu-Yobe and Chari-
Logone Rivers, food shortages have increased 
significantly. FAO data has it that, Niger’s food 
supplies were 25% short of the national 
requirements leading to high food prices, 
particularly for millet. In Chad, under normal 
conditions cereal production only covers 75% of 
national food requirements and during 1999/2000 
this situation was further exacerbated by erratic 
weather conditions resulting in food insecurity.  

 Reduction in Animal Husbandry is another effect, 
since droughts has greatly decrease the rate of 
grazing around that Basin. For example, in the 
Hadejia-Nguru wetlands (Komadugu-Yobe River 
Basin) the receding flood, previously allowed fresh 
grass to grow using the residual moisture. This 
allowed the wetlands to sustain large numbers of 
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cattle during the dry season due to high quality 
grazing land compared with the surrounding areas. 
Most of the formerly flooded pastures have lost 
their perennial grass cover, leaving only decreased 
area. The reduction in the grazing land in the sub-
region following the droughts of the 1970’s 
encourage herders to shift from grazing animals 
such as cattle and camels to animals like sheep and 
goats which affects the area’s vegetation through 
the consumption of woody plants. 

 Lack or inadequate potable water supplies is 
threatening the health of the population in the sub-
region. The problem varies from country to country 
with Niger, Chad and Central African Republic 
being at the helm of severe impacts. As a result of 
acute freshwater shortage experienced in 1973, 
drought killed 100 people. People in the sahel and 
even countries in the humid zone suffered lowered 
rainfall and reduced crop yields, African 
Environment Outlook (AEO, 2002). According to 
the disease groups found in developing countries, 
four are linked to water supply and sanitation or to 
vectors (Organisms) that breed in water. The 
reduced river flows caused by irrigation projects 
can also reduce the rivers waste assimilative 
capacity resulting in decrease in level of sanitation. 
Poor sanitation is a major contributor to the spread 
of diseases such as diarrhea, Cholera, typhoid, 
intestinal worms and hepatitis A and E. In 
N’Djamena, 1317 cases with 94 deaths were 
reported in an outbreak of cholera in 1996 (WHO, 
1996). 

 The inland fisheries of the Chad basin and the lake 
in particular are among the largest and most 
productive in the whole of Africa. The fishing 
activities within the Lake Chad Basin are a 
fundamental element of the livelihoods of over 20 
million people living around the basin area. Omali 
(2011) observed that, the sahelian droughts of 
1972-1974 and 1982-1984 combined 
anthropogenic stream flow modification caused a 
reduction in the extent of Lake Chad and the 
wetlands, which consequently altered the fish 
habitat. Fisheries production has experienced large 
fluctuations due to these environmental changes. 
The fisheries of the Lake Chad basin are very 
important economically to the rural communities. 
The fluctuations in fish production therefore have 
had a significant impact and have contributed to 
the regional poverty. 
 

CONCLUSION AND RECOMMENDATIONS 
 

The study so far revealed that the fast drying up of 
the Lake Chad is attributed to many factors. Climatic 
factors as a result of the location of the lake close to the 

sahara desert where evaporation is intense due to high 
temperature. Hydrogeologically, the aquifer system 
underlying the basin does not favor recharge of the lake 
because of the fine texture of the sediments. 
Anthropogenic activities on the lake have contributed 
greatly to its decline in volume. Aside from irrigation, 
over dependence on the lake for animal husbandry is 
worrisome.  

The rate of reduction has been found to be more 
during the 1970s and late 1980s. This corresponds to 
the period of a boom in development of projects that are 
water intensive in virtually all of the riparian countries. 
Unfortunately development projects are resulting in a 
natural disaster serious negative impact on the socio 
economic status of the over 30 million people living 
and depending the lake waters. 

The authors recommend strict adherence to riparian 
laws including guidelines on water exploration, 
exploitation, monitoring, management, environmental 
protection and sustainability of natural resources. 

In addition, a proper Environmental Impact 
Assessment (EIA) needs to be carried out on the 
proposed channeling of the River Bangui from Central 
African Republic (CAR) to the lake to protect 
communities and other resources on the path of the 
proposed channel. 
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