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Abstract

In Douala, economic capital of Cameroon, annual rainfall and temperature from its meteorological station
(latitude: 4°00'N; longitude: 9°43'E; elevation: 5.0 m) were obtained and analysed to investigate the impact
of climate variability on groundwater recharge. The climate shows a strong evidence of changes towards
persistent weather conditions. The region is mainly characterized by a mean inter-annual temperature of 27.4
°C and influenced by the mount Cameroon (4095 m in elevation). A recent decrease in mean annual rainfall
occurred since 1982. The average annual rainfall which was 4200 mm with about 220 days of rainfall from
1917 to 1937 has moved to 4049 mm for the period 1937-1957, to 3826 mm for the period 1968-1988 and to
3619 mm for the period 1971-2001. Between, 1997 and 2007, the total number of days of rainfall has not
exceeded 220 (193 days of rainfall in 1998 and 216 days of rainfall in 1999). By using Gauss law on 31
years (1971-2001) of annual rainfall, one note that the value 2850 mm has 20% of luck to be not observed
and the value 4219 mm has 20% of luck to be exceeded. Douala already suffers from water shortage not be-
cause of decrease of rainfall but due to quality of underground water and salty taste of the main river catched
for water supply. Moreover, precipitation is considered as the main replenishment source of all water re-
sources in the study area (watershed of Besseke). The calculated interannual groundwater recharge rate (po-
tential recharge, not necessarily real) is about 9% compared to the interannual total precipitation received by
this area located closer the Atlantic Ocean (Gulf of Guinea). Groundwater discharge from the aquifer occurs
between November and March.
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1. Introduction resource vulnerable to anthropogenic pollution and highly

sought by these people is drained by rainfalls which vary

Some studies have confirmed the global warming of the
planet induced by the emission of greenhouse gases and
whose consequences are expected: changes in the inten-
sity and direction of winds and ocean currents, the accel-
eration rising sea levels, increased flooding in low lying
areas, desert encroachment and scarcity of rainfall where
the drying up of lakes, rivers and the lowering of ground-
water levels [1-5]. Because of its impact on the environ-
ment, issues of climate variability and their implications
on water resources are placed for some time a central
concern of scientists and policy makers in the world [6].
In cities of developing countries like those of Douala
and Yaounde, nearly 60% of resident populations make
use of groundwater through wells and springs. This water
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not only throughout the year but also fluctuate from year
to year.

In order to evaluate the characteristics of the meteoro-
logical and hydrological drought and to study the effects
of interannual variation of rainfall on groundwater re-
charge, this research is based on the study of hydrologi-
cal and rainfall data observed in the watershed of Besseke
located about 7 km from the meteorological station of the
airport in Douala and in the heart of the industrial zone
of Bonaberi-Douala.

2. Characteristics of Besseke Watershed

The Besseke Watershed (Figure 1) is one of 11 basins
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that make up the city of Douala is located on the right
side of the river Wouri (NW) between 449,500 m and
452,000 m N and 574,000 m and 577,000 m East longi-
tude in UTM coordinates. This basin is named like that
because of the river Besseke that flows (W — E) in a
very sinuous in a large valley that stretches from the area
behind the hospital Bonambappe St. Thomas (2.1 m)
across neighborhoods Bonaberi, and Bonassama Besseke
to the river Wouri, east sector of the basin (0 m), the rest
is presenting as a plain crossed by the very gently slop-
ing bowls (3.5%).

Besseke has an area of 436.6 hectares, a perimeter of
9.197 km and a Gravelus index of 1.237 [7]. By its geo-
graphical position, it is subjected to an equatorial climate
of Guinea type influenced by the deviation of the mon-
soon due to Mount Cameroon Mountain, located 60 km
west and culminating at 4070 m [8] with two distinct
seasons [9]. Rainfalls in the wa- tershed of Besseke show
a temporal distribution, which can be demonstrated using
data collected at Douala Air- port station. Annual rainfall
varies considerably from 2595.9 mm to 4597.0 mm and
varies in time and space. Temperatures are also variable
with an average minimum of around 26.1°C and an av-
erage maximum of 28.3°C.

Based on reference [10], the city of Douala is based on
the sedimentary basin called “sedimentary basin of
Douala” separated from the Rio del Rey by horst axis vol-
canic of Mount Cameroon-Bioko and is the largest coastal
sedimentary basin of Cameroon, with an area of about
7000 km® and is located along the Gulf of Guinea be-
tween 3°00' and 4°30' North latitude and between 9°20'
and 10°20" East longitude. In this coastal basin, deposits
are divided into coastal sand, vases black mangrove and
river alluvium accumulated a great thickness in continu-
ity with the Pliocene deposits at present. Continental and
marine sediments are based on the metamorphic base-
ment consists of gneisses, migmatites, micaschistes and
lowered from 3,000 to 4,000 m. The lithology is as fol-
lows, from top to bottom:

Quaternary sediments: they represent the Wouri’s
unit which is dating since Plio-Pleistocene [11]. This unit
consists of three levels: a coarse, gravelly level and a le-
vel sandy clay matrix more or less kaolinite. It is an azoic
formation which is based uncomfortably on all previous
units;

Tertiary sediments: they are represented by the for-
mations of Nkapa, Souellaba and Matanda;

Secondary Sediments: here we find the formation of
Logbaba and Mundeck.

The sedimentary basin of Douala has two aquifer sys-

tems of unequal size which are divided into four aquifers.

It differs from the bottom up the deep system (basal
sandstones and Paleocene sands) and the superficial sys-

Copyright © 2011 SciRes.
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tem (Mio-Pliocene formations and Quaternary alluvium),
Figure 2.

In the Watershed of Besseke, hydrogeological forma-
tions (Figure 3) are represented by sandy-clayey levels,
positive and graded gravelly to sandy gravelly clay.

3. Data and Methods

This research is based on the use of climatic data (rain-
falls, temperature) on a long series of observation (from
1971 to 2001 and from 1998 to 2007) of the Douala Air-
port station. These data were obtained to the Center of
Meteorology of Douala (Ministry of Transport). Tem-
perature data are covering only the years 1998-2007.

The method of weighted moving averages or low-pass
filter Hanning of order 2 was used to screen the seasonal
variations by calculating the weighted total rainfall [12].
To better visualize the deficit years of surplus rainfall
years, moving averages were centered and reduced. The
diagram of Franquin was used to distinguish the dry
months of the wet months of the city of Douala [13]. This
diagram defines the dry months as those with the curve of
potential evapotranspiration (ETP) in mm are lower than
average rainfall in mm (Figure 4).

Statistical analysis following the normal or Gaussian
was used to assess the frequency, probability of occur-
rence of spatio-temporal variations in rainfall. The ob-
jective of this analysis was to 1) verify whether or not
rainfall variations persist in the decay over time and 2)
whether these variations are significant and rainfall affect
the recharge/discharge of the aquifer. The scope (maxi-
mum value minus minimum value) used in the normal
distribution was used to highlight the ten classes. The
graphs were plotted using the Excel software.

3.1. Water Balance

3.1.1. Evapotranspiration

During studies on plant growth, Thornthwaite, clima-
tologist and botanist American, noted that the water ex-
change between the plant and the atmosphere conditioned
to a large extent the growth of plant tissue [14]. Potential
evapotranspiration is an optimal water supply plant.

For the calculation of potential evapotranspiration, we
can use the Thornthwaite method, the water balance of a
watershed is a calculation method that allows assessment
of the relationship between inputs and outputs of water,
over a period of time, which corresponds to a complete
hydrological year [15]. It is used to check the consis- tency
of all data collected and calculated: measurement of pre-
cipitation, evapotranspiration calculation, measurement of
the mean flow.
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Figure 2. Geological map of the Douala basin (Njiké Ngaha, 1984, modified).
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0.20 m, yellowish dark clay

m, yellowish brown clay

9.10 m, reddish yellow clay
10-10.60 m, Laterite with reddish yellow matrix and positive well sorted grain

10.90 m, Reddish yellow to reddish purple sandy clayey and laterite
11.50 m, Reddish Sandy clayey and laterite
11.90 m, white Sandy clayey and laterite
12.60 m, Sandy clayey with yellowish sandy rough spots
2.90 m, Reddish clay with greywish spots

17 m, Sandy clayey with yellowish and reddish spots
18m, Sandy clayey : brown yellowish

20 m, Clay with reddish spots at the bottom

21 m, Clayey sandy, yellowish with reddish spots

22 m, Sandy clayey, reddish yellow with rough areas
23 m, Sandy clayey, reddish yellow with area of spots
24 m, Clay, reddish with yellowish and greywish spots

I 1
e
- &

e

\ 26 m, Clayey sandy with grey spots at the bottom

28 m, Clay with reddish and greywish spots
29 m, Clay : yellowish with greywish clay spots

-32 m, Sand : greywish

Figure 3. Hydrogeological terrains in the Besseke basin
(Douala).

3.1.2. Equation of Parameters of Water Balance

The assessment evaluates the inputs and outputs of water
over a specified period. The assessment of water balance
is necessary for the physical parameters of the environ-

ment such as weather elements, soil involved in the wa-
ter cycle. The calculation of this balance is necessary for
knowledge of the geographical environment, to better
define the overall requirements and targets mainly the
middle and for assessing the volume of groundwater re-
sources (infiltration) and surface (runoff). The water bal-
ance of a watershed can lead to the following equation:

ETR =P+I1+R +ARFU

With:

P: Average rainfalls in the basin in mm.

The term evapotranspiration is the amount of water
vapor released into the atmosphere both by direct evapo-
ration in the soil itself by sweating aerial organs of plants.
The study of evapotranspiration demands are defined as
two essential concepts: actual evapotranspiration (ETR)
and potential evapotranspiration (ETP). The latter ap-
peared particularly with the work of Thornthwaite and is
defined as representing the amount of water available in
the form of soil moisture, enough so that plants can
maintain their transpiration rate to a maximum level. ETR:
actual evapotranspiration in mm. Actual evapotranspira-
tion is the amount of water actually evaporated tran-
spired over the study area. The ETR depends on the
rainfalls stored in soil and total rainfall. R: Runoff in mm
ARFU: Variation of water in soil easy to use, that is to
say the layer of water stored in soil, plants can use. The
RFU begins feeding the ETR when rainfall becomes less
than ETP.
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Figure 4. Franquin diagram of the Besseke basin (Douala) from 1998 to 2007.
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The excess (EXC), positive difference, by definition,
between precipitation and actual evapotranspiration, is
the excess rainfall that can infiltrate or run off, the excess
is treated as effective rainfall, this concept differs from
one author to another. In hydrogeology effective rainfall
(Pe) is sometimes confused with infiltration. In Hydrol-
ogy, an effective rainfall (Pe) is the part that feeds the
rivers. The excess (EXC) is the amount of rainfall runoff
and infiltration, EXC =1+ R.

3.2. Method of Calculation

The necessary data are represented by the gross rainfall,
temperatures, relative humidity of the atmosphere, dura-
tion of sunshine and the states of filling the tank in ques-
tion. The non-fitting of weather stations used for deter-
mining certain parameters, requires us to use the Thorn-

574000 574500 575000
| |

575500

thwaite method based on data obtained and has in the
past provided good results in a climate like ours. The
water balance is calculated from monthly values: mean
monthly temperature (average maximum and minimum
temperatures for each day of the month at the Douala
airport station, monthly rainfall, and monthly potential
evapotranspiration. Cycle’s vertical feed deficit or sur-
plus will be identified and correlated with changes in the
potentiometric surface (water table) collected in 2010.
The measurement of geographic coordinates (longi-
tude, latitude, and elevation) was carried out works with
a Garmin GPS model type 12X and that of water table
using a probe sound of 115 wells monitored between
January and December 2010. Water table was measured
once a month. The data collected helped to realize the
piezometric map of the watershed of Besseke (Figure 5).
Besides data and hydro hydrodynamic soil sampling
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Figure 5. Piezometric map of the water table in the Besseke basin (year 2010).
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was conducted between 50 and 100 cm at two points in
the watershed in order to have information on water-
holding capacity of soils. The values of hydraulic con-
ductivities were determined by the method of Hazen and
grading process by sedimentometry at the Geotechnical
Laboratory of the National Advanced School of Engi-
neering of Yaounde.

3.3. Results and Discussion

3.3.1. Rainfall and Temperature
The climatic trend of a given region can be known

613

through the series of annual rainfall amounts, especially
when they are long enough [16]. The rainfall in the city
of Douala in general and watershed of Besseke in par-
ticular is unimodal and varies over time and space. The
rainfalls vary considerably and still tend to fall by 1982
(3573.3 mm) to 2000 (3552.0 mm) with peaks observed
in 1986 (4120.1 mm) and 1994 (4121.4 mm). However,
these values did not recover those observed between
1971 (4597.0 mm) and 1981 (4565.7 mm). The lowest
values being recorded in 1984 (2595.9 mm) and 1998
(2860.6 mm) (Figure 6), which is confirmed by the evo-
lution curve rainy mobile computed (Figure 7).
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Figure 6. Curve of the annual rainfall trend in the Besseke basin (Douala) from 1971 to 2001.
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Figure 7. Curve of the annual rainfall anomaly trend in the Besseke basin (Douala) from 1971 to 2001.
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The Identification of a break climate in West Africa
and Central America in the early 1970s has been the sub-
ject of numerous studies [17-20]. These studies conclude
to a significant decline in general heights annual rainfall
but with a sufficiently clear to make heterogeneity of this
phenomenon one of its main characteristics [21].

The use of the low-pass filter Hanning highlights two
trends in climate or hydrological period (Figure 8): dry
periods alternating with wet periods with a tendency to-
wards dry seasons. Wet periods ranging from 1971 to
1981 with past wetlands between 1993 and 1995 and
between 2000 and 2001. However, there is a dry period
observed in 1973. The others are all dry periods (1982 to

1992 and from 1996 to 1999). According to reference
[22], on the scale of the African continent, there is a rela-
tive contrast between wet period 1931-1960 and the
1968-1997 period covering the stage of drought that be-
gan in the late 1960s. The difference between the aver-
ages of these two periods reaches 20% - 40% in the West
African Sahel and is generally of the order of 5% - 10%
elsewhere [21].

The frequency of occurrence of rainfalls highest be-
longs to the class [from 3396.3 to 3596.4] and lowest in
the class [from 4196.7 to 4396.8]. This means that it is
quite possible that one reaches more annual rainfall of
4200 mm as observed between 1917 and 1937 (Figure 9).
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Figure 8. Interannual variation of rainfall in the Besseke basin (Douala).
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In addition, there is 80% of success that the total an-
nual rainfall of 3168.8 mm is passed and 80% of success
that 3864.4 mm is not exceeded after a period of 5 years.
After a period of 10 years, there is 90% of success that
2986.7 mm is not exceeded and 90% of success that ei-
ther exceeded 4046.5 mm. After 20 years, there is 93%
of success that 2837.6 mm is not reached and 93% of
success that 4195.6 is reached.

The module of 31 years of rainfall is 3 618.7 mm for a
standard deviation of 468.6 mm. The statistical analysis
of the normal rainfall data over 31 years indicates that
the Douala region has the following characteristics:

e Decennial dry year is 3018.9 mm;
Twenty-year dry year is 2850.2 mm;

ET AL. 615
Five-year dry year is 3225.3 mm;

Ten wet year is 4218.5 mm;

Five-year wet year is 4012.3 mm;

Twenty-year wet year is 4387.2 mm.
All these probabilities show water stress of the city of
Douala (Figures 10(a) and (b)). However, the variability
of rainfall in the region of Douala is low amplitude, these
results from its geographical position which gives him a
strong influence of the Inter Tropical Front (ITF) and the
proximity to the Atlantic Ocean. At the current pace de-
forestation in the Congo Basin, it is likely that this bal-
ance is broken, even as deforestation is not the main
cause of drought [23].

As well as rainfall, temperature varies space-time
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Figure 10. (a) Fitted line of the last six years in the Besseke basin (Douala). (b). Distribution function of the annual rainfall in

the Besseke basin (Douala).
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with a maximum of 28.3°C and minimum 26.7°C or high
thermal amplitude of 1.6°C between 1998 and 2007.
notes, however, an almost constant temperature between
1999 and 2004 and a fluctuation of the later since 2005
(Figure 11).

From the hydrological, all results obtained at the Dou-
ala airport weather station are shown in Table 1 and
Figure 12.
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Figure 11. Curves of the mean annual temperature trend in
the Besseke basin (Douala).

Table 1. Water balance for the period 1998 to 2007 in the
study area (data collected from the meteorological station
of Douala airport).

Year Rainfall(mm) ETP*(mm) ETR"(mm) P (mm)
1998 2860,6 1941,1 1249,9 1610,7
1999 3707,6 1625,8 13553 23523
2000 3552,0 1661,4 1310,2 2241,8
2001 4080,7 1679,4 1415,3 2665.4
2002 43674 1749,0 1453,8 2913,6
2003 31643 1766,5 1513,2 1651,1
2004 2818,3 1725,2 1512,5 1305,8
2005 3448,5 1561,3 1272,1 2176,4
2006 4588,6 1778,4 1490,3 3098,3
2007 4055,0 1643,1 1269,9 2785,1

a. Potential evaporation; b. Actual evaporation; c. Effective rainfall.
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Figure 12. Comparison between total rainfall, evaporation
and effective rainfall in the Besseke basin (Douala).
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According to reference [24], analysis of the vertical
drainage of an aquifer by effective rainfall or effective
infiltration is based on the assumptions of [25] and [15].
The graph showing the evaluation of the effective rain-
fall can observe a change in the surplus from one year to
another. Indeed, we notice an oscillation on the graph, a
significant decrease in 2004. We recorded significant
increases in effective rainfall during the years 2002 and
2006. A significant decrease in height effective rainfall
since 2002 until 2004 to see in 1998 another year of re-
charge. During the study period, there has been three
years that can be distinguished from the remaining years,
two years of groundwater recharge (from 1998 to 2002
and from 2004 to 2006), a year of groundwater discharge
(2002 to 2004). In conclusion, we can say that: In the
period 1998 to 2007, the total rainfall in the watershed of
Besseke is 36,643 mm and the total ETR is 13842.7 mm,
which corresponds to 38% of evapotranspiration, the to-
tal surplus is calculated to 22800.6 mm that is 62% of
rainfalls, remains available for runoff and infiltration.
The average annual rainfall came in at 3,664.3 mm for an
average ETR of 1384.24 mm and a surplus of 2280.06
mm. These values are more than twice as much higher
than those obtained in the chalk aquifer of the northern
margin of the Paris Basin by Lallahem [26].

In addition, the study of water balance using Thorn-
thwaite interannual (Table 2) shows that 9.53% of the
rainfalls seeps into the ground to help recharge the aquifer.

Recharge rates of 9% - 16% were estimated in granite
formations in Galicia-Costa Spain [27]. Figure 13 sum-
marizes the periods of recharge/discharge of the aquifer.
The temporal distribution of seasons has a significant
influence on recharge/discharge of the water. The com-
plete emptying occurs during the long dry season (No-
vember to March). Charging is directly influenced by
rainfall patterns and also suffers with a delayed effect,
the incidence of cumulative rainfall deficits. The role of
rainfall in the recharge of groundwater has been shown
and specified by the action of water table in wells moni-
tored.

3.3.2. Relationship Rainfall-Water Table-Flow
The evolution of static water levels in wells monitored in
the watershed is almost identical to changing rainfall

Table 2. Thornthwaite water balance for the period 1998 to
2007 in the study area.

R? (mm) 1875,5 51,18%
I (mm) 349,1 9,53%
E' (mm) 1439,7 39,29%
Rainfall (mm) 3664,3 100,00%
d. Run off; e. Infiltration; f. Actual Evaporation.
JWARP
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Figure 13. Curves showing the period of recharge and dis-
charge of the water table in the Besseke basin (Douala).

during the same year (Figure 14).

This dependence of the effective rainfall infiltration
has been recognized in other parts of the world [28-30].
The water table in wells decline between January and
March. The fluctuation of water table is quite high and
ranged between 0.00 and 5.80 m. This reflects more or
less sensitivity to changes in wells and therefore, an ag-
uifer constantly fluctuating with the seasons. 2% of these
wells have a zero water table no matter what the climatic
season (P1041 and PI072).

It is important to note that the spring of the Besseke’s
river is a temporary resurgence. His topographic position
does not make measurements to calculate flow. It dries
up during the dry season and reappeared in the rainy
season (July, August and September).

In general, the correlation between rainfall and water
table of well is clear (water table of some wells is almost
zero during dry season). This water table increase during
dry season and decrease during wet seasons. Whatever
time of year, the water is almost flush. However, except
for wetlands, water table of wells is found at a depth of
9.00 m during the discharge of the water that runs from
mid - November to mid-March against 2.62 m on average
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Figure 14. Curves of water levels trend according to rainfall
in the Besseke basin (Douala), PC mean common well and
PI, individual well.
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during periods of high waters or recharge period that
runs from mid-March to mid-November, that is a fluc-
tuation of 6.38 m. The only problem encountered by
people in the water, is the questionable quality of water
that people consume and the saltiness of the water dis-
tributed by public network [31].

3.3.3. Soil Characteristic

Soils in the study area are sandy-gravelly sand. Soil type
(Table 3) with the expected rate of rainfall, increase the
infiltration rate of water in the drainage basin of Besseke.
But, given the high values of evaporation also recorded
at the meteorological station in Douala Airport, the ef-
fective rainfalls (2,280.06 mm) that reach the ground
floor is low and thus reduce the infiltration rate. Indeed,
the permeability values obtained (107 - 4.41 x 107® m/s)
reflect a slow supply of the upper aquifer by rainwater
and confirm the infiltration rate given by the water bal-
ance. In addition, in view of the quantity of effective
rainfall reaching the soil, infiltration rate is close to that
found in the city of Yaounde (10.31%) in general and in
the watershed of Ekozoa especially [7].

4. Conclusions and Outlook

The interest of this study was to put in evidence climate
variability in a wet region where the continuing trend of
declining rainfall, the groundwater balance is very vari-
able. However, very little of this variability is noticeable
that emphasizes long-term may be responsible for the
degradation of the hydrological system. In addition to
this degradation of the hydrological system, we must also
mention the deterioration of the quality of water resources
on the one hand, by bacteria and some pollutants (am-
monium, nitrate and heavy metals) and secondly, by up-
welling of saline water that degrade the taste of the water
distributed in the network. From 1971 to 2001, total an-
nual of rainfalls are changing along a downward trend.
The shortfalls are relatively small compared to those
observed in the Sahel regions like the far north Cameroon.
The water budget analysis indicates a total period drain
of water between November and March. It is quite obvi-
ous that this decrease in reserves of groundwater continues
many activities related to human being will be affected.

Table 3. Soils portions of the study area expressed in per-
centage and the values of the activity coefficient.

Gravels  Coarsed sands  Fined sands
(%) (%) (%)
Spring Saint Thomas 12 78 10
PIR® 0 54 46
g. representative well.
JWARP
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This first overview of changes in rainfall should of
course call for a comprehensive study on the variability
of water resources in basins of similar size, than on lar-
ger basins and in other latitudes, taking into account the
effects of human being in the development of water re-
sources. This study also opens perspectives on the use of
hydrological modeling tool in an objective forecasting
resource (under various scenarios) in the horizons of me-
dium and long term.
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