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Abstract
Observed precipitation from 24 stations in Cameroon during 1962–1993 were used to study
onset, retreat and length of the rainy season. Results were compared to control simulations
by four IPCC 4AR AOGCMs. CSIRO-mk3.5 and MPI-echam5 AOGCMs best captured
onset, retreat and duration of the rainy season. Projections for 2082–2098 under the SRES
A2 emission scenario were also analysed. For that period, onset dates are expected to be
later by 1 pentad or more than in the current climate and retreat by less than half a pentad
in zones 1 and 2. This will lead to a slight decrease in the duration of the rainy season.
The situation is reverse in zone 3, where the season will be longer. Copyright  2012 Royal
Meteorological Society
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1. Introduction

Rainfall onset and retreat dates are important param-
eters in the agricultural calendar in most tropical
regions. As defined by Odekunle et al. (2005), the
rainfall onset is the period at the beginning of the
rainy season, when rainfall distribution has become
adequate for crop development, while rainfall retreat
refers to the period, towards the end of the rainy
season, when rainfall distribution may no longer sus-
tain crop growth. Many regions over the world are
expected to suffer substantial climate modifications as
a result of global warming. These changes will affect
the onset and retreat of the rainy season which has
become irregular over the years (Salack et al., 2011),
making it difficult for farmers to optimize the seed
planting period and adjust to the length of the grow-
ing season (Olaniran, 1983a; Mugalavai et al., 2008;
Ndomba, 2010). The immediate consequences are the
decrease of agricultural production and an increase
risk of hunger. Therefore, the determination of the
onset and retreat dates of the rainy season in various
regions throughout the world have become a challenge
for many researchers.

Various methods have been developed to deter-
mine onset and retreat dates of the rainy sea-
son. Odekunle(2006) classified these methods into
five main categories: (1) Intertropical Discontinuity
(ITD)-rainfall model (Ilesanmi, 1972a), (2) rainfall-
evapotranspiration relation model (Benoit, 1977),
(3) percentage cumulative mean rainfall model, based
on rainfall data alone (Ilesanmi, 1972b; Adejuwon
et al., 1990; Adejuwon, 2006), (4) wind shear model
(Omotosho, 1990a, 1990b), (5) the theta-E technique
(Omotosho, 2002). Odekunle(2006) used two differ-
ent methods based on rainfall data, to determine onset

and retreat dates of the rainy season in Nigeria. The
study established that both rainfall amount and rainy
days are equally effective in the determination of the
mean rainfall onset and retreat dates, but the latter
method is more efficient for individual year. Omo-
tosho(1992) proposed a simple empirical scheme for
predicting onset and retreat in the West African Sahel,
using upper atmosphere wind data. He considered that
the poleward retreat of the subtropical jet is linked
to the start of rain, whereas the destruction of the
wind shear is a forerunner to the cessation of rainfall.
The percentage cumulative mean rainfall is the most
used method. It has the advantage of depending only
on rainfall data that are readily available from direct
measurements rather than other rainfall-associated fac-
tors (Odekunle et al., 2005). This method was used
by Olaniran(1983a) to study the onset of rains and
the start of the growing season in Nigeria. The results
revealed that there is no significant difference between
the mean onset date obtained and the mean start of the
growing season.

Most studies on rainfall onset and retreat in African
countries were performed on a limited number of sta-
tions or on short time periods because of the lack
of complete data series in observation. The use of
satellite data or of models outputs are some palliative
solutions to this issue. However, satellite data are lim-
ited to recent periods while model outputs can cover
longer periods in both present and future. In view
of the present global warming and its consequences
on local climate variability, the use of model out-
puts to investigate characteristics of the rainy season
(e.g. rainfall totals, rainy day frequencies, onset, retreat
and length of the rainy season) is necessary in order
to assess future changes and guide adaptation mea-
sures. Global and regional climate models with various
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IPCC emission scenarios have been used by many
authors for projecting future climate change. In the
Iberian Peninsula, it was found that 5/24 IPCC GCMs
(MIROC3.2-HIRES, MPI-ECHAM5, GFDL-CM2.1,
BCCR-BCM2.0 and UKMO-HADGEM1) best repro-
duce current climate (Errasti et al., 2011) and could
be used for future projections. Mkankam (2000) noted
that two IPCC-coupled atmosphere-ocean general cir-
culation models (ECHAM4 and HADCM2) simulated
well the present climate in Cameroon and neighbour-
ing areas. Thus, he used their outputs to evaluate
projected changes in rainfall and temperature result-
ing from increased concentration of greenhouse gases
(GHGs) in the atmosphere for the period 2040–2070.
The results revealed changes in annual rainfall within
the range of present climate variability while the pro-
jected temperature increases were larger than observed
variability. An evaluation of the ability of 18 GCMs to
capture the West African monsoon system, found that
three models (among them MPI-ECHAM5) gave rea-
sonable simulations of the twentieth-century climate
while others comprising CSIRO-Mk3.0 and MRI-
CGCM2.3.2 failed to do so (Cook and Vizy, 2006).
Errasti et al. (2011) revealed that all IPCC models do
not describe the present climate with similar accuracy.
Furthermore, the best models for a particular region
of the earth do not always achieve the same degree of
performance in other regions. Additionally, the skill of

the models is different according to the meteorological
variables examined.

The objectives of this paper are to evaluate the per-
formances of some IPCC-4AR model in reproducing
onset, retreat and length of the rainy season in the
study area, and to assess future changes under the
SRES A2 GHG emission scenario. Simulations of cur-
rent climate and of future perturbed climate under this
emission scenario were carried out for the IPCC 4th
Assessment Report (IPCC-4AR) using several GCMs.
The method of the percentage cumulative mean rain-
fall amount was used to determine present and future
climate rainfall onset and retreat dates over Cameroon.
Analyses for pertubed climate were extended to the
country’s neighbouring areas to increase the number
of model grid points used as theses areas have similar
climate (Figure 1).

The work is organized as follows. In Section 2,
the study area is described. In Section 3, we present
data used and define the methodology. The results on
stations grouping, the analysis of mean onset, retreat
and length of the rainy season for both current and
future climates, are in Section 4. Section 5 is devoted
to concluding remarks and perspectives.

2. Study area

The study domain is located in Equatorial Central
Africa between 1–13 ◦N and 7–18 ◦E. This area

Figure 1. Study area with the geographical locations of rainfall stations (indicated by numbers) and of climate models grid points
(BCCR-bcm2.0, CSIRO-mk3.5, MPI-echam5 and MRI-cgcm2.3.2a). Grid point locations for each model are indicated by a specific
marker. Dashed lines show delimited zones.
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encompasses the Cameroon territory. GCMs results
are discussed on a wider domain including areas
bordering the country (Figure 1). The climate of the
area is not uniform, varying from tropical humid
in the south to semi-arid and hot in the north.
The southern part of the country is bordered in the
west by Atlantic Ocean and is covered by dense
rain forest. The northern part has a dry to arid
Sahelian type climate depending on latitude. Economic
activities in the area are based mostly on agriculture,
generally at subsistence levels. Cacao, coffee, bananas,
rubber, palm oil and cotton are the main cash crops
raised by farmers. Main food crops are cassava, corn,
yams, sweet potatoes and millet. Logging is another
important resource in Cameroon with heavy timber
exportation. More information on the country can be
found in Penlap et al. (2004). All these activities are
rainfed and almost no irrigation.

3. Data and methodology

3.1. Data used
Five data sets were used in the study: daily rain-
fall data from 24 measuring stations in Cameroon
and simulated daily rainfall from MPI-echam5, MRI-
cgcm2.3.2a, BCCR-bcm2.0 and CSIRO-mk3.5. Station
rainfall data provided by the Cameroon Meteorologi-
cal Services are the same successfully used by Penlap
et al. (2004). The geographical positions of the stations
are shown in Figure 1. Table I indicates their names,
locations and altitudes. Some stations have missing
values, representing at most less than 4% of total data.
Simulated rainfall were obtained from the World Cli-
mate Research Program’s (WCRP’s) Coupled Model
Inter-comparison Project phase 3 (CMIP3) multi-
model dataset at the Lawrence Livermore National
Laboratory, USA. They were produced for IPCC
4th Assessment Report (4AR) (Meehl et al., 2007).
Echam5 is a model of the Max Planck Institute (MPI-
echam5) for Meteorology in Germany (Roeckner
et al., 1996) while cgcm2.3.2a and mk3.5 are respec-
tively from the Meteorological Research Institute
(MRI-cgcm2.3.2a) in Japan (Yukimoto et al., 2006)
and the Australian Commonwealth Science and Indus-
trial Research Organization (CSIRO-mk3.5) (Gordon
et al., 2002). Model bcm2.0 is from the Bjerknes Cen-
tre for Climate Research (BCCR-bcm2.0), University
of Bergen, Norway (Furevik et al., 2003). A 32-year
data for the current climate (1962–1993) and a 19-year
(2082–2098) of the future climate under the SRES
A2 emission scenario were analysed. Grid points for
each of the four IPCC 4AR models are shown in
Figure 1. Echam5 and Mk3.5 have the same grid spac-
ing (208 km) while Cgcm2.3.2a and Bcm2.0 have
spacings of 310 km.

3.2. Methodological approach
The method adopted in this study for the determina-
tion of onset and retreat dates was the cumulative

Table I. Geographical positions and altitudes of the 24 rainfall
stations used. Stations are grouped per defined climatic zones.
They are also assigned numbers used to represent them in
Figure 1.

Region N◦ Station name
Lon
( ◦E)

Lat
( ◦N)

Alt
(m)

Zone 1 11 Bafia 11.25 4.73 500
12 Nanga-éboko 12.37 4.68 623
13 Bertoua 13.68 4.58 668
14 Batouri 14.37 4.47 650
17 Abong-mban 13.20 3.97 693
18 Yaoundé 11.53 3.83 753
19 Akonolinga 12.25 3.77 671
20 Eséka 10.77 3.65 228
21 Yokadouma 15.10 3.52 534
22 Lomié 13.62 3.15 624
23 Kribi 09.99 2.95 10
24 Sangmélima 11.98 2.93 712

Zone 2 5 Ngaoundéré 13.57 7.35 1104
6 Meiganga 14.0 7.20 1027
7 Tibati 12.63 6.48 873
8 Koundja 10.75 5.65 1210
9 Yoko 12.37 5.55 1027

10 Nkongsamba 09.93 4.95 816
15 Ngambé 10.62 4.23 610
16 Douala 09.73 04.00 5

Zone 3 1 Maroua 14.26 10.46 423
2 Kaélé 14.45 10.10 386
3 Garoua 13.38 9.33 241
4 Poli 13.25 8.48 436

percentage mean rainfall amount (Ilesanmi, 1972a).
Daily rainfall data for each year were grouped into
5-day means (pentads). This grouping was performed
on non-overlapping 5-day means starting at pen-
tad 1 (1 to 5 January) and ending at pentad 73 (27
to 31 December). In the first step of the method,
the percentage of mean annual rainfall was deter-
mined at 5-day intervals. Next, cumulative percent-
ages were calculated for the full year. Finally, the
timings of the accumulation of 7–8% and of 90%
of the annual rainfall were taken as onset and
retreat of rains respectively. The length of the rainy
season was defined simply as the period between
onset and retreat dates. According to the method
adopted here, the monsoon rainy season, between
onset and retreat accounts for 83.5% of annual
rainfall.

In the first part of the analysis, the temporal mean
onset and retreat dates of the rainy season were first
calculated for each station of the domain. Second,
the following criteria were used to divide the study
domain into sub-domains or zones: stations where both
onset and retreat dates are different by 4 pentads at
most were assigned to a common climatic zone. The
4-pentad interval appeared to be the one giving rea-
sonable separate zones (stations spatially grouped) as
compared to interval of 1, 2 or 3 pentads (Figures
not shown). For model outputs, zone definitions were
extended to neighbouring areas of Cameroon in order
to increase the number of grid points used. Some stud-
ies on domains comprising our study area (Olaniran,
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1989, 1983b) can justify this extension. Next, observed
and simulated data were analysed in every zone by cal-
culating for each year and at each station (grid point)
onset and retreat dates and length of the rainy season.
Annual results were averaged for stations (grid points)
within each zone giving a 32-year time series per
zone for both observations and model outputs. Finally,
means, standard deviations and interannual variabil-
ity were analysed and compared. Statistics on how
each model reproduces the observed parameters (onset
and retreat dates and duration of the rainy season)
were estimated as the ratio of the observed number
of parameters simulated correctly to the total number
of cases.

Climate change evaluations were based on com-
parisons between current climate and future SRES
A2 scenario perturbed climate. The A2 scenario rec-
ognized as the most severe (Cook and Vizy, 2006)
assumes strong CO2, CH4 and SO2 increases through-
out the twenty-first century (except for SO2, which
declines after 2030) (IPCC, 2001). Knowledge about
how models respond to these changes are useful for
predictions of economic impacts.

4. Results and discussion

4.1. Grouping based on onset and retreat dates
of the rainy season

A total of three zones were defined in the study
domain (Figure 1) using the criteria presented in the
methodology section. These zones are similar to those
defined using other criteria (Olaniran, 1989, 1983b).
Thus we can consider:

(1) The equatorial forest zone (zone 1) mostly cov-
ered by dense forests and having two rainy
seasons;

(2) The Midland zone (zone 2) which predominantly
covers highlands where topography effectively
extends the length of the humid period, due
to localized convection and orographic effects
(Olaniran, 1983b);

(3) The Sahelian zone (zone 3), where the tropical
continental air mass predominates, except during
the Monsoon season when the tropical maritime
air mass covers the area for 3 to 5 months at most
(Olaniran, 1983b).

Table II shows the range of onset and retreat dates for
each zone.

4.2. Comparative study of mean onset and retreat
dates and lengths of the rainy season under
the current climate (1962–1993)

Mean onset and retreat dates and lengths of the rainy
season as well as associated standard deviations for
each zone are shown in Table III for observed and
simulated data. As expected, rainfall onset and retreat
follow the northward move of the ITD during the
months of March to August and its southward retreat
between September and October, respectively. Simi-
lar spatial migrations of onset and retreat dates were
observed in many African countries, for example
in Nigeria, Senegal and western Kenya (Odekunle,
2004; Mugalavai et al., 2008; Salack et al., 2011).
Retreat is more abrupt as it takes only 8 pentads
compared to 12 for onset. This rapid retreat was
also observed in neighbouring Nigeria (Ayoade, 1974;
Odekunle, 2006). Earliest onset is in zone 1, south
of the study domain, on the 16th pentad of the year
(17th–21st March), followed by zone 2 four pentads
(20 days) later, and latest onset, close to 2 months
(11 pentads) after zone 1, is in the northernmost sta-
tions (Table III(a)). Retreat starts in the North and
moves South (Table III(b)) and time lags between
zones are less than for onset dates. Uncertainties
are higher (higher standard deviations) on onset than
on retreat dates. The length of the rainy season
(Table III(c)) decreases from South to North: 25 con-
secutive pentads (4 months) in zone 3, 37 (6 months)
in zone 2 and 45 (7.5 months) in zone 1. This is in
agreement with annual rainfall amounts observed in
theses areas. The spatial variation in duration affects
the choice of crop types and farming techniques,
depending on zones in order to avoid losses due to
insufficient number of rainy days. That is why in
Kenya where the maximum length of the growing
season is about 4 months, irrigation is recommended
during the short rainy season as a way of supplement-
ing the limited rainfall (Mugalavai et al., 2008)). The
increase in the length of the rainy season from zone 3
to zone 1 may be explained by the annual migration
of the ITD, which controls the Monsoon influx of
humid maritime air into the continent. This favourable
rainfall-producing factor has the least residence period
over zone 3.

The value of standard deviation of a time series can
be used to elucidate temporal variability (Syed et al.,
2010). For onset date, observed standard deviations of
2 pentads in zone 1 and 3 pentads in zones 2 and 3
indicate that interannual variability of this parameter
is lower in the Equatorial forest zone. Retreat dates

Table II. Range of mean onset and retreat dates of the rainy season for each zone. Results are given in pentad number and the
corresponding calendar dates are in parentheses. The first pentad is the period from January 1 to January 5.

Sub-domain Onset date range Retreat date range

Zone 1 15th–17th pentad (12 March–26 March) 60th–62th pentad (23 October–6 November)
Zone 2 19th–21st pentad (1 April–15 April) 55th–59th pentad (22 September–22 October)
Zone 3 25th–29th pentad (1 May–25 May) 52nd–54th pentad (13 September–27 September)

Copyright  2012 Royal Meteorological Society Atmos. Sci. Let. 13: 120–127 (2012)
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and lengths of the rainy season in all the three zones
show lower amplitudes of fluctuations than onset
dates (Figures not shown). Extreme values (minima
and maxima) observed in the interannual variability
of onset dates are much farther from their means,
compared to retreat and duration of the rainy season.
In general, models outputs poorly reproduce these
interannual variations (correlation coefficient ).
However MPI-echam5 in most cases do the best
job.

Of the four general circulation models, only MPI-
echam5 has an onset date within one standard devia-
tion of observations in all the three zones. A similar
analysis shows that CSIRO-mk3.5 gives good onset
in zones 1 and 2, while BCCR-bcm2.0 and MRI-
cgcm2.3.2a succeed in only one zone. Based on this
criterion, three models have the right simulation in
zone 3 and two in the other zones. Because there is
less dispersion on retreat dates (standard deviation of
1), no model is on target in zone 1, one is in zone 2
and two are in zone 3. For both onset and retreat,
boxplot diagrams (Figure 2(a) and (b)) indicate that
dispersion between models is low, the models tending
to agree more among them than with observations.
Their poor performance on retreat dates translates into
poor results for the length of the season (Figure 2(c))
which are mostly off target in zone 1 but slightly better
in zones 2 and 3. It is also to be noted that MRI-
cgcm2.3.2a is often even out of the range of extreme
observations.

A quantitative verification of the model simulations
are needed in order to objectively analyse and compare
their performances. In Figure 2, numbers expressed in
percentages and represented below each model box-
plots are statistical probabilities for models to cap-
ture the observed parameters (onset and retreat dates
and length of the rainy season). In zone 1, CSIRO-
mk3.5 and MPI-echam5 show better results than the
other two models. While their statistical probabili-
ties for predicting onset date are greater than 50%
(61% for CSIRO-mk3.5 and 58% for MPI-echam5),
they give poor results for retreat date and duration
(less than 10%). In zone 2, CSIRO-mk3.5 shows best
results and also has the greatest statistical probabil-
ity (100% for both onset date and duration, 81% for
retreat date). The second best performance is by MPI-
echam5 for onset (94% of statistical probability for
prediction) and by BCCR-bcm2.0 for duration (85%).
Other models show poorer results (less than 50%).
In zone 3, the best statistical probability for predic-
tion is by MPI-echam5 for onset date (74%), CSIRO-
mk3.5 for retreat date (75%) and BCCR-bcm2.0 for
duration of the rainy season (78%). For onset and
retreat dates, the second best is BCCR-bcm2.0. Over-
all, CSIRO-mk3.5 shows highest combined statisti-
cal probability for prediction of onset and retreat
dates and duration of the rainy season, followed by
MPI-echam5. MRI-cgcm2.3.2a shows lowest statisti-
cal probability.
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Figure 2. Onset date, retreat date and duration of the
rainy season for observation and models simulations. Numbers
expressed in percentage and presented below each model
boxplot represent the statistical probability for each model
to forecast the observed onset date (a), retreat date (b) and
duration of the rainy season (c).

4.3. Onset and retreat dates and length
of the rainy season under a perturbed climate

To assess the effect of increased GHG concentration in
the atmosphere on onset and retreat dates and length
of the rainy season, projected dates for the period
2082–2098 were analysed. These were determined
from the outputs of GCM simulations using the same
methodology presented earlier.

Results under the perturbed climate of a given
GCM were compared to its own simulation of current
climate. Differences in onset and retreat dates of
the rainy season and in duration between future and
present climates are shown in Figure 3(a), (b) and (c),
respectively. Surprisingly there are no great changes

Figure 3. Gap between mean future and mean current climate
dates for onset (a), retreat (b) and differences in the duration
(c) of the rainy season. Vertical axis are graduated in pentads.
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in either onset or retreat dates. Three of the models
(MPI-echam5, BCCR-bcm2.0 and MRI-cgcm2.3.2a)
show late onset of 1 pentad in all zones, while CSIRO-
mk3.5 has approximately normal start in zones 1 and
2 and early start of about 1 pentad in zone 3. Retreat
occurs mostly earlier, but by less than 1 pentad,
except for MRI-cgcm2.3.2a in zone 3 where it is
almost 2 pentads earlier. Rainy seasons are shorter by
approximately 1 pentad in zones 1 and 2 and longer
in zone 3 by up to 2 pentads. These changes are
all within the range of variability of current climate
simulated by each model and could not be considered
significant. This result corroborates that of Mkankam
(2000) given the strong relationship between onset and
rainfall attributes (Stewart, 1991; Ati et al., 2002). The
shortening of the rainy season is one of the most
feared result of anthropogenic climate change. But
projections under the SRES A2 scenario by the four
models used here indicate that to the end of the twenty-
first century, no major perturbations of the seasons are
expected, and it will be possible to continue growing
the same crops as at present time in Cameroon.

5. Concluding remarks and perspectives

Daily precipitations for 24 meteorological stations in
Cameroon were used to define climatic zones in the
domain 1–13 ◦N and 7–18 ◦E located in Equatorial
Central Africa. Zones were defined, each of them
characterized by stations with close onset and retreat
dates of the rainy season. Next, onset and retreat dates
and lengths of the rainy season for the current climate
(1962–1993) calculated from both observations and
four IPCC 4AR AOGCMs (BCCR-bcm2.0, CSIRO-
mk3.5, MPI-echam5 and MRI-cgcm2.3.2a) outputs
were studied and compared for each zone. Projections
of impact of climate change on onset and retreat dates
and length of the rainy season were assessed with
these same models under the SRES A2 GHG emission
scenario over the period 2082–2098.

In general, the rainy season begins earliest and ends
latest south of the domain while earliest retreat dates
are seen north of the domain. Thus, the length of
the rainy season increases southwards. Amplitudes
of fluctuations are stronger for onset date than for
retreat. Model results for current climate are close
to observations when they were considered with the
corresponding standard deviations. CSIRO-mk3.5 and
MPI-echam5 perhaps because of their higher spatial
resolution, show the best performances and are then
more appropriate than the two other models for
determining onset, retreat and length of the rainy
season over Cameroon and neighbouring areas. The
low spatial resolution of BCCR-bcm2.0 and MRI-
cgcm2.3.2a may have contributed to their poor results
in most cases. For future climate (2082–2098) and
according to three of the four models results, onset
and retreat dates are expected in most cases to be later
by about 1 pentad (5 days) than in the present climate.

The CSIRO-mk3.5 and BCCR-bcm2.0 models are
not part of the consensus for onset and retreat dates
respectively. As for the duration of the rainy season,
an increase of approximately 1 pentad (5 days) is
expected in zone 3 and a decrease of the same range
elsewhere. MPI-echam5 in zone 3 and CSIRO-mk3.5
in zones 1 and 2 however disagree.

The results of this study reveal that high spatial
resolutions seem to positively impact simulations of
general circulation models. This point to the need in
future investigations to assess the performances of
regional climate model. Being able to predict onset
and retreat dates within days would be of more benefit
to local farmers. Also recasting results in terms of
probabilities is necessary to evaluate risks of false
starts of rain which are problematic for sowing season
(Hess et al., 1995).
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