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Abstract

This study of rainfall variation in the south region of Cameroon has as objec-
tive to evaluate the present climate trends in the south region using weather
data from 1960 to 2010. To achieve this objective, daily and monthly rainfall
data were collected from the Ebolowa weather station. Results of this study
show that generally, the south has an average of 1807 mm of rainfall in an av-
erage of 165 days. Two rainfall regimes were recognized, the bimodal with
four seasons: two dry and two rainy seasons and occupies 88% of the region
climatic system. The trimodal with six seasons three dry and three rainy sea-
sons and occupies 22% of the region climatic system. Despite this seasonal
repetition, rainfall is experienced in all the months of the year within the 50
years’ study period, with constant seasonal displacement and compensation
within the seasons. Generally, there is a constant decrease in rainfall and
number of days of rainfall but rainfall is decreasing faster than the number of
days and the rainfall patterns are more or less irregular.
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1. Introduction

Climate is the average or typical weather condition observed over a long period
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of time at least 30 years for a given geographical location. By definition climate
variation refers to changes in one or more climatic variables (rainfall, tempera-
ture, wind etc.) over a specified time (Burtis, 1989) while climate change is the
long-term shift in the climate of a specific location, region or planet. This shift is
measured by changes in features associated with average weather, such as tem-
perature, wind patterns and precipitation (J. O, 1988). Thus variation in climate
actually results in changes in climate. It is now widely accepted that the climate
varies and is changing all over the world. The global mean temperature in-
creased by 0.6°C in the last century, and the 1990s were particularly the hottest
years (I. C. Change, 2001). On the whole, wetter periods have been succeeded by
drier periods and cold periods by hot ones (Peel, 1966). Climate models predict
that mean annual global temperature will increase by 1°C - 3.5°C by 2100 and
global mean sea level will rise by 15 - 95 cm with changes occurring in the spatial
and temporal patterns of precipitation (Burtis, 1989; I. P. on C. Change, 1997).

According to some recent studies, rainfall variations have been perceived in
the world and slowly in African countries. Analysis of annual precipitations
range features an important change of North African, South Asian, Southern
African and Western American in accordance to appreciate study (Zhang &
Zhou, 2011). Africa’s emissions of climate change-inducing carbon dioxide are
still low, estimated to be only 3.6% of the world’s total. Although Africa has not
historically contributed to climate change, and its forests have provided a signif-
icant sink for the carbon emitted by industrialized countries, it is predicted that
the continent will be the most affected by the adverse effects of climate change,
as many aspects of African economies are extremely climate sensitive and they
are less able to cope with this impact (I. P. on C. Change, 1997; E. L, 1999).

Average temperatures in Cameroon have been increasing since 1930 (Ayonghe
& Suh, 2001). The net rate of increase has been 0.95°C between 1930 and 1995.
This increase certainly falls in line with the global trend of 1.5°C (C. Change,
1992) which is a link to the modification of the atmosphere with greenhouse
gases. Available data indicate increasing trends in the frequency of rainfall days,
with decrease in the quantity of rainfall annually. The mean annual rainfall has
decreased by 2.9 mm per month i.e. 2.2% per decade since 1960, experience par-
ticularly in 2003 and 2005. Although the dense rainforest region continues to in-
clude some of the wettest places on earth (Lambi, 2001).

A comparison of the years with the highest and lowest rainfalls shows a
marked variability. The years with extreme rainfall have a tendency to cluster,
thereby indicating extreme dry and wet periods (Beauvilain, 1985). There has
been a succession of droughts and floods in the northern part of Cameroon with
increasing frequency over time. These floods have always been preceded by a pe-
riod of drought. However, despite these fluctuations between floods and droughts,
climatic data shows that the rainfall over the years has been on the decline in
most parts of the country (Ayonghe & Suh, 2001). The main objective of this
work is to contribute to the evaluation of the evolution and typology of rainfall
in the south region from 1960 to 2010.
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2. Materials and Methods
2.1. Study Area

The southern region of Cameroon is located in the southwestern and south-central
portion of the Republic of Cameroon. It is located at latitude 02°41' North and
longitude 12°35" East and is bordered to the east by the East Region, to the north
by the Centre Region, to the northwest by the Littoral region, to the west by the
Gulf of Guinea (part of the Atlantic Ocean), and to the south by the countries of
Equatorial Guinea, Gabon, and Congo. The South covers 47.191 km” thus takes
5% of the country’s surface area (Figure 1).

2.2. Data Collection

The climate data were collected from the Ebolowa weather station. Daily and
monthly climate data from the Ebolowa weather station comes from the Metro-
logical headquarters in Douala, which is the main collector of climate data in
Cameroon. The climatic data were processed through SPSS because of the large

nature of the data.

2.3. Data Analysis

Calculating the monthly and annual average rainfall and number of days
of rainfall
The average monthly rainfall and number of days of rainfall are obtained from

the following equations:

AR =X(Px)/Nb (1)
Em =X (Nx)/Nb 2)

where

13°0'0"E
h - . -

Région de I'Est

3°0'0"N:

Arrond. de Lomié

/ )
MEkD((CI Eldnu{r’n/ ‘]
({ Zouatouyg
wil - MINTOM pd

au /unlahnt -
tangan M~ Sa, \

/.f/Arrond de Djoum

/
{ Région du Sud

\ -
/) Cameroun \LEES 1

\ A
| Gabon
L

0 /10 20 40 Kilometers 5~ : Congo / 4
2°0'0"N: ‘—‘1/—‘—‘—‘—‘—'—'—" — f Q00N
13°0'0"E

LEGENDE TENE KUETCHE H. 1J

w Villages project —— Water body == Mintom-Ntam [C_] Cameroon district [__] Cameroon sub-division Stagiaire MINF OF

& Others villages Mintom-Lélé-Ntam s Djoum-Mintom Cameroon division International border Service cartographie

Figure 1. Location of study area.
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Px = monthly volume/annual volume of rainfall collected at the station Ebolowa in mm;
Nb = total number of months;

AR = average monthly rainfall/annual rainfall in mm;

Nx = number of days of rainfall per year recorded at the Ebolowa station in days;

Nb = total number of months/ year;

Em = number of months/average number of days of rainfall per year,in days.

Calculating the average seasonal rainfall and number of days of rainfall
per season
The average seasonal rainfall and the number of days of rainfall during the

rainy season are obtained from the following equations:

SP=%(Px)/Nb 3)
NS =X(Nx)/Nb (4)
where

SP = seasonal volume of rainfall collected/seasonal number of days of rainfall in mm;
Nb = total number of months during the rainy season;

Px = average rainfall per season in mm;

Nx = number of seasonal days recorded at the station in days;

Nb = total number of months during the season;

NS = number of seasonal rainfall days,in day.

In this study, the dates of the beginning and end of rainfall will be determined
using the first day criteria i.e. from the 1* of January 1960 when we register more
than 20 mm of rainfall in 1 or 2 days without a dry episode of more than 7 days
in the rest of the month. The dates of the end of rainfall are determined when we
register less than 20 mm of rainfall without any cumulative rainfall (Audroing et
al., 1979).

Calculating rainfall variation from the average rainfall and number of

days of rainfall
Variation in the average rainfall is calculated based on the following statistical
formula:
Eave(p) =Ri—Pm (5)
Emoy(Nb) = NBRI - NBRM (6)
where:

Eave( p) = variation from the average rainfall;

Ri =rainfall in a given year in mm;

Pm = average rainfall recordedina given time interval;
NBRI = Number of rainfalldaysin a given year;

NBRM = Average number of days of rainfall over a given time interval;

Eave(Nb) = variationfrom the average number of days of rainfall.

Calculation of the percentage seasonal rainfall at the Ebolowa station
The percentage seasonal rainfall is the sum of the total rain collected per sea-

son on the total annual rainfall recorded.
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It is obtained from the following formula:

%P(season) _ 2 P(season) 04 )
p ( total annual)

With P = Rainfall in mm.

3. Results

The results observed in the field can be grouped into three, the climatic trends of
the south region from 1960 to 2010.

3.1. Annual Changes in Rainfall during the Dry and Rainy Seasons

With the exception of the short dry season with increase rainfall in the south re-
gion, the long and short rainy seasons and the long dry season shows decrease in
rainfall from 1960 to 2010 (Figure 2).

The long and short rainy seasons are the wettest in the south region. The short
rainy season which lasts one month longer than the long rainy season records 49
mm of rainfall more than the long season 718 mm.

The evolution of rainfall in the long and short rainy seasons shows two phases
within the 50 years of study. The first which is the wettest from 1960 to 1990.
This period recorded 733 mm of rainfall for the long rainy season and 817 mm
for the short rainy season. The period from 1991 to 2010 which is the driest
records 795 mm of rainfall for the short rainy season and 659 mm of rainfall for
the long rainy season.

The short and long dry seasons have less rainfall since they have less than 20%
of rainfall in the course of the year. The short dry season has 165 mm records 10
mm and the long dry season has 155 mm of rainfall. The changing trends in
rainfall over two seasons are controversial. While the short dry season is gradu-
ally increasing, the long dry season is decreasing. Rainfall distribution is uneven
over the study period. Only the short dry season is increasing, the long rainy
season, the long dry season and short dry seasons are in constant decline over

the period of study.
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Figure 2. Evolution of annual changes in rainfall during the dry and rainy seasons. (SRS
= Small Rainy Season; LRS = Long Rainy Season, LDS = Long Dry Season; SDS = Short
Dry Season).
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3.2. Variation from the Average Rainfall in the South Region
during the Dry and Rainy Seasons from 1960 to 2010

Variation from the average rainfall expresses the difference in the precipitation
of a given year and precipitation based on the rainfall series of the study period.

Figure 3 shows the deviations from the average rainfall for the short and long
dry seasons, it shows that:

- 20 years of excess rainfall during the long dry season and 30 years of deficit;
- 25years excess rainfall during the short dry season and 25 years’ deficit.

We can conclude that in each five years of the fifty years of observation, we
observe 02 cases of compensation between the two long excess dry season and
03cases of compensation between the two long deficit dry seasons. For the short
dry season, a compensation case is observed in every two years between a short
excess dry season and the long deficit dry season. Figure 4 shows variation from
the mean between the short and the long rainy season of the study period. We
note here that:

- 23 years of excess during the long rainy season, whereas 27 years are in defi-
cit;

- 24 years of excess during the short rainy season, whereas 26 years are in defi-

cit.
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Figure 3. Variation from the average rainfall in the South region during the dry seasons.
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Figure 4. Variation from the average rainfall in the south region during rainy seasons
over the study period.
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The result shows that in every five years in the fifty years of study, 2.3 cases of
compensation can be observed between a long excess rainy season and 2.7 cases
of compensation between the long deficit rainy seasons. For the short rainy sea-
son, in every five years, 2.4 cases of compensation are observed between the
short excess rainy season and 2.6 cases of compensation between a short deficit

rainy season.

3.3. Variation from the Average Number of Days of Rainfall in the
South Region during the Dry and Rainy Seasons over the
Study Period

Variation from the average number of days of rainfall is the annual rainfall in-
formation, that determines the difference in the number of rainfall days in a
given year and the number of days of rainfall calculated on the rainfall series in
the study period.
Figure 5 shows that:
- 20 years of excess and 30 years of deficit in the number of days of rainfall
during the short rainy season;
- 25 years of excess and 25 years are deficit in the number of days of rainfall
during the long rainy season.
Figure 6 shows the evolution of the number of days of rainfall during the
small and long dry season in south region over the study period. It appears here
that:
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Figure 5. Variation from the average number of days of rainfall in the south region dur-
ing rainy seasons over the study period.
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Figure 6. Variation from the average number of days of rainfall in the south region dur-
ing dry seasons over the study period.
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- 26 years of excess and 24 years of deficit during the short dry season;
- 25years of excess and 25 years of deficit during the long dry season.

The evolution of the number of days of rainfall during the short and long
rainy season shows that it is possible to have 02 cases in 05 a small excess num-
ber of days of rainfall and 03 cases in 05 a small deficit in the number of days of
rainfall. For the long dry season, we observed in every two years a case of com-
pensation in the number of days of rainfall between the long excess rainy season
and a long deficit rainy season. Following the evolution of the number of days of
rainfall during the short and long dry season, its shows that it is possible to have
03 in 05 cases a small excess number of days of rainfall for the short dry season
and 02 in 05 cases a small deficit in the number of days of rainfall. For the long
dry season, we observed in every two years a case of compensation in the num-
ber of days of rainfall between along excess dry season and a long deficit dry

season.

3.4. Evolution of the Average Annual Rainfall Patterns in Ebolowa
Station over the Study Period

As shown in Figure 7, there is a progressive decrease in rainfall and number of
rainfall days in the south region over the study period.

It rains 1807 mm per year over 165 days on average. The year 1970, which
recorded 2338 mm of rainfall, is the wettest, while the year 1991 records only
1272 mm of rainfall is the least. Changing trends shows two distinct phases. The
wettest between 1960 and 1990 with 1878 mm recording 182 mm more than the
period 1991-2010 per year. From 1960 to 2010, the wettest years are not always
the most spread. The year 1985, which is spread over 206 days, recorded 2075
mm of rainfall, and the year 1992 which is the least spread with 172 days rec-
orded 1533 mm of rainfall. In general, rainfall and number of days of rainfall
decrease gradually over this 50 years’ study. Rainfall decreases slightly faster than
the number of days of rainfall recorded. This significant difference between the
two rainfall variables shows an enormous decrease in the quantity of rainfall

with time. Such heavy rains often generating natural disasters.
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Figure 7. Average annual precipitation and number of rainfall days in the South region.
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3.5. Typology of Rainfall in the South Region from 1960 to 2010

Two rainfall regimes are identified in the south over the study period. We have
the bimodal which is the majority and the trimodal the minority.

Regime distribution observed in the south region

The distribution of rainfall patterns observed in south region Table 1 shows
that the majority is the bimodal with 88%, followed by trimodal system that
represents only 12% of the identified regime.

The bimodal regime in the south region over the study period

In general, the short rainy season lasts for 03 to 04 months and records 42.3%
of the total annual rainfall. While the long rainy season that does not exceed 03
months has only 40% of the annual precipitation. The bimodal regime is charac-
terized by two dry seasons and two rainy seasons with variable length. The bi-
modal is observed during 44 years for the 50 years” data studied; it represents
88% of the identified regime. The maximum height of rainfall is between Sep-
tember and October (Figure 8).

The total annual rainfall is 1807 mm on average. The short dry season lasts for
02 months; July-August, while the long dry season that lasts for 03 months runs
from December to February. The bimodal regime is specific to the south region
over the study period. The average annual rainfall is 1807 mm distributed within
the four seasons, thus two dry and two rainy seasons with variable durations.
Rainfall distribution is uneven in the 04 seasons of the year.

Annual changes in rainfall in the trimodal regime in the south region
from 1960 to 2010

The trimodal system is observable in 06 years it has 06 seasons thus, three wet
and three dry seasons, with varying durations. Figure 9 shows the evolution of
the trimodal rainfall regime in the years 1965, 1975 and 1980. Over these years
we observed a steady regular displacement of the different seasons within the
year. The short dry seasons vary between the months of April, June, and August,
while the short rainy seasons occur respectively in the periods of January to
March, May-June and July. The long dry season is permanent between the
months of November to February, while the long rainy season is observed be-
tween September and November. The evolution of rainfall follows the trimodal

== Short rainy scason ==Long rainy season~ Long dry season = Short dry season

Rain fall (mm)
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Figure 8. Distribution by season rainfall in the bimodal regime in the south region.
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Figure 9. Distribution of rainfall in the trimodal climate regime in 1965, 1975, and 1980.

Table 1. Proportion of years by regime observed in South region.

Regime Bimodal Trimodal TOTAL
Percentage 88% 12% 100%
Years 45 06 51

system in the south region in 1982, 1988 and 1995. In the first three years, the
dry and rainy seasons remains unstable during the year. The Short dry seasons
are constantly being displaced between the months of April, May, July and Au-
gust during the year. The short rainy seasons on the contrary vary between the
periods of February-March, May-June, and August-September. The long dry
season on the contrary is displacing between the months of November and Feb-
ruary, while the long rainy season differs between August and November (Figure
10).

4. Discussions

A look at the climatic trend in the south region shows that there is rapid climate
variation which is sign of climate change. This in line with (Ayonghe & Suh,
2001) and (E. L, 1999) who carried out similar studies on climate in Cameroon
and concluded that they are variations of season and a decrease in rainfall and
number of days of rainfall. But the decrease in rainfall is more rapid than that of
number of days of rain.

Rainfall variations in Cameroon’s South region can be ascertained by compar-
ison with other African Regions. A study made in Central Equatorial African
confirmed a trouble of seasonal cycle (Hua et al., 2019); (Fotso-Nguemo et al.,
2017) projected the rainfall amount to decrease by up to 5 mm per day. The be-
havior of the variations of precipitation in this region seems to be similar to
West African Region with predicted significant climatic change accompanied by
long term reduction of rainfall (Nicholson, 2001). Similar phenomena have been
identified in Botswana where decreased rainfall throughout the nation, which is
associated with decreases in the number of rainy days (Batisani & Yarnal, 2010).
Even in East African countries, a temporal analysis indicated an overall slight

decrease in rainfall (Kimani et al., 2017).
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Figure 10. Distribution of season in the trimodal regime in 1982, 1988, and 1995.

The distribution of these seasons and the number of days of rainfall are not
regular over the study period. They are constant displacement of seasons as seen
in the trimodal regime. The beginnings of late rains do not always coincide with
the late endings of rain, as well as the anticipated rainfalls do not always corres-
pond to that collected. Also field investigation shows that the wet periods are
accompanied by high temperature days as well as the dry period with rainy days.
This in line with (Beauvilain, 1985) and (Peel, 1966) who carried out studies on
climate in the north of Cameroon and concluded that extreme dry and wet pe-
riod turn to cluster together, making it difficult to determine the beginning and
end of each season. Beside the displacement of seasons, they are the phenome-
non of seasonal compensation where a deficit in rainfall in a season is being
compensated for in the preceding season. This phenomenon can be used to pre-
dict the next season thought it’s a matter of probability and can only be done
within a year. This however is very frequent in the dry seasons.

Precipitation is an important climate variable whose long-term changes are of
great interest to the society. In Cameroon, rainfall variations have impact on
many sectors and activities such as agriculture, economy, hydropower, forest
management and agriculture (Bele et al., 2011; Grijsen, 2014; Laux et al., 2010;
Molua, 2007, 2009). Faced with these impacts, proposals for adaptive measures
are made, as shown by some works which studied adaptation in order to com-
pensate impacts of climate change on Cameroonian’s agriculture (Tingem et al.,
2009; Tingem & Rivington, 2009).

5. Conclusion

The south region shows a constant variation of seasons with two climate regime
alternating year after year. Beside the two climatic regimes observed it’s clear
that they are four seasons, though the trimodal regime shows six seasons, expe-
rienced in six years within the fifty years’ study. These seasons are constantly
being displaced with the compensation of one season for other. The long and
short dry seasons have three and two months respectively with 20% rainfall
while the rainy periods have seven to eight months. From field observation, the
rainy seasons are interwoven with high temperature days as well as the dry sea-

sons are accompanied with rainfall, thus making it difficult to have an actual
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prediction of the future. Beside the differentiation in seasons, there is no month
without rainfall in the region and the regular displacement of one season to the
other makes it difficult to predict with certainty the beginnings and ends of sea-
sons within the year. The south like most regions in Cameroon is experiencing

rapid climate variations which are signs of climate variation.
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