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Abstract In July, heating of the continents in the Northern Hemisphere results in
strengthened monsoon systems which bring rains to West Africa. In Nigeria, the
annual rainfall total decreases from over 3,800 mm at Forcados on the coast to
under 650 mm at Maiduguri in the north-east of the country. June, July, August
and September are the rainiest months throughout the country. In many parts of
the south, however, there is “supposed to be” a slight break in the rains for some
2 to 3 weeks in late July and early August or the so called “August break”. In this
study, we are underscoring the obvious that climate is changing. The daily series of
rainfall data for 1983–2003 analyzed between the months of July–August for some
sites in the Eastern humid zone of Southern Nigeria shows that the “August break”
may indeed “be breaking”. We have discussed some practical approaches to climate
change research in this monsoon region.

1 Introduction
Life in Africa revolves around subsistence farming of rain-fed crops, which renders
its society vulnerable to climatic fluctuations (Omotosho et al. 2000; Laux et al.
2008). Below normal rain has been linked to anomalous Atlantic and global sea
surface temperatures (SSTs) (Folland et al. 1986; Odekunle and Eludoyin 2008),
land use change (Zheng and Eltahir 1998; Douglas et al. 2002; Heiko and Hans-Peter
2007) and anomalous tropical atmospheric circulation (Lamb and Peppler 1992). The
rainfall over West Africa is controlled by the advection of moisture from the Gulf
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of Guinea in the low levels of the atmosphere. Following the seasonal excursion of
the Sun, the monsoon develops over this part of the African Continent during the
northern spring and summer, bringing the Inter-Tropical Convergence Zone (ITCZ)
and the associated rainfall maxima to their northernmost location in August. The
onset of the monsoon system over West Africa is linked to the northward migration
of the Inter-Tropical Convergence Zone (ITCZ) during the northern spring and
summer (Sultan and Janicot 2000).
The time series of West African monsoon rainfall demonstrates significant
fluctuations at the decadal time scale (Adejuwon and Odekunle 2006; Salako 2008).
The most recent example of such fluctuation is the occurrence of a severe persistent
drought in the Sahelian region during the last three decades of the twentieth century
(Nicholson et al. 2000; Aondover 2005). While several drought spells were recorded
over this region in recent history, the twentieth century drought is unprecedented
for its severity. This drought has motivated numerous studies that collectively
documented (Janowiak 1988) the high sensitivity of West African monsoon rainfall to both large-scale oceanic forcing (i.e., region-global sea surface temperature
anomalies and its distribution) and local terrestrial processes such as anthropogenic
vegetation degradation and natural vegetation variations. Superimposed on this,
marked interannual variations in recent decades have resulted in extremely dry years
with devastating environmental and socio-economic consequences. Such variability
(Lamb and Peppler 1992; Nicholson et al. 2000) has raised important issues related
to sustainability, land degradation, and food and water security in the region.
The issue of large-scale rainfall changes in West Africa is significant in the
light of the current question of global climate change and teleconnections (Ogallo
et al. 1994). The African climate is governed by monsoon circulations extending
across large parts of the Atlantic and Indian Oceans. Extra-tropical influences are
also felt from both hemispheres. The potential for adequate rainfall depends on
the response of the African atmosphere to prevailing global patterns of seasonally
varying surface wind and upper level jet structures (Grist and Nicholson 2001). Such
include the African Easterly jet (AEJ), the Tropical Easterly Jet (TEJ), the Southern
Oscillation, and seasonal to interdecadal atmospheric fluctuations in the Atlantic and
Indian Oceans. The causes of rainfall variability in West Africa have not been fully
understood. Nonetheless, a lot of research has been done on the Sahel and still needs
to be done and more especially outside the less-studied non-sahel areas of West
Africa. A current good example in this regards is the international research project
and field campaign, the African Monsoon Multidisciplinary Analysis (AMMA). For
details see http://www.joss.ucar.edu/amma/.
As a contribution to this laudable project, this paper presents the July–August
rainfall pattern for four sites located in the Eastern humid zone of Southern Nigeria.
This is to underscore the obvious that the hue and cry about global and regional
climate change is real to set a good argument to present practical approaches of
harnessing this information in order to raise food production, thereby alleviating
poverty.

2 Climate of study area
The Eastern Humid Zone (EHZ) comprises that part of the Federal Republic of
Nigeria formerly referred to as Eastern Region (Omotosho 1988). Until recently, it
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comprises four states—Anambra, Cross River, Imo and Rivers which stretches from
latitude 4◦ 15 N to latitude 7◦ 00 N, and from longitude 5◦ 34 E to longitude 09 24 E,
with an area of 78,612 km2 (Fig. 1). Nigeria enjoys the humid tropical climate type.
Because of its location just north of the equator, Nigeria enjoys a truly tropical
climate characterised by the hot and wet conditions associated with the movement of
the Inter-Tropical Convergence Zone (ITCZ) north and south of the equator. The
seasonal pattern of climatic conditions over Nigeria gives rise to four seasons in the
south and two in the north. This is the result of annual total rainfall occurrence and
distribution, which is more predominant in the south than in the north.
The mean annual rainfall along the coast in the south-east is 4,000 mm while it is
only 500 mm in the north-east. The four observed seasons in Southern Nigeria should
be (Omotosho 1988):
1. The Long Rainy Season: This starts in March and lasts to the end of July, with
a peak period in June over most parts of southern Nigeria. It is a period of
thick clouds and is excessively wet particularly in the Niger Delta and the coastal
lowlands. It is marked by humidity with values hardly below 85% in most parts
of the forested south.

Fig. 1 The African Monsoon Multidisciplinary Analysis (AMMA) study area with the Eastern
humid zone (EHZ) indicated
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2. The Short Dry Season: This is experienced in August for 3 to 4 weeks. However,
the real dry period known as the “August break” is generally observed in the 2 to
3 weeks in late July and early August in most parts of southern Nigeria. It is also
called “little dry season” (Asadu 2002; Adeniyi and Oladiran 2006; Adejuwon
and Odekunle 2006).
3. The Short Rainy Season: This brief wet period follows the “August break” from
early September to mid-October, with a peak period at the end of September.
The rains are not usually as heavy as those in the long rainy season, although
the spatial coverage over southern Nigeria is similar. The two periods of rainfall
intensity give the double maxima phenomenon of the rainy season characteristic
of southern Nigeria. The short dry season in August between these two rainy
periods allows for harvesting and planting of fast-growing varieties of grains, such
as maize.
4. The Long Dry Season: This period starts from late October and lasts to early
March with peak dry conditions between early December and late February. The
period witnesses the prevailing influences of the dry and dusty north-east winds,
as well as the ‘harmattan’ conditions. Vegetation growth is generally hampered,
grasses dry and leaves fall from deciduous trees due to reduced moisture.

3 Data description and analysis
Daily rainfall data (mm/day) for the months of July and August were collected at
the four meteorological sites. The stations are part of the Nigerian Meteorological
Agency (NMA) network of surface stations measuring surface climatic parameters
like maximum and minimum temperatures, rainfall amount, wind speed and sunshine
hours. The sites are included in the study area earmarked by the AMMA project
(Fig. 1). They are Port Harcourt (latitude 4.85◦ N, data used: 1983–2003), Warri
(5.32◦ N, data used: 1984–2003), Owerri (5.48◦ N, data used: 1983–2003) and Enugu
(6.49◦ N) with data for 1986–2003 used.
In this section we discuss the 20 years (1983–2003) daily rainfall profiles for the
months of July and August for four cities (Port Harcourt, Warri, Owerri and Enugu)
in southern Nigeria. These cities are all part of the humid sub-equatorial regions in
the southern lowlands. In order to appreciate the nature of the spell breaks (days with
no rainfall or trace rainfall) known as “August breaks” in these sites, we consider the
break spells of several days in a year. Figure 2a, b show the July and August rainfall
series for Port-Harcourt for the years with significant signs of a break in rainfall.
We define “August break” as years with at least three or more consecutive dry days
(CDD) or days with zero rainfall. For the study period of 21 years (1983–2003) at
Port-Harcourt, we see that the so-called “August break” is nothing but quasi-static
and not having a defined pattern. We observe this from August 18–21 in 1983, July
31–August 3 in 1986, July 17–22 in 1988 and July 22–August 10 in 1994. Although
1994 does not actually fall into our definition for “August break”, the shape of the
rainfall series is the bimodal pattern that had been long associated with the rainfall
regime in this humid zone of Southern Nigeria (Fig. 2a).
The vacillation in the expected rainfall seems to give an impression of a climate
change scenario with the attendant implication on rain-fed agriculture. Other years at
Port-Harcourt with “breaks” in rainfall are 1996 (July 18–23), 1998 (August 24–27),
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Fig. 2 Years with signs of “August break” in the rainfall regime at Port-Harcourt

1999 (August 7–10) and from August 17–23 in the year 2000. The results for Owerri
are presented in Fig. 3a, b. In 1983, there are “breaks” from August 18–20, and from
3–17 August 1988 although there were some days when the rain was not zero. The
year 1988 (Fig. 3a) is an example of a typical pattern of the bimodal rainfall pattern
expected at a humid zone of Nigeria. There was a “break” in rainfall at Owerri from
10–12 August in 1993 and a double break for 1996 from July 18–23 and August 6–
10 (Fig. 3a). Should this be called a July and August break or a climatic extreme?
The year 1998 had a late “August break” from 24–29 August (Fig. 3b) while 1999
again is an approximate example of the bimodal rainfall pattern in this climatic zone.
Although July 31 recorded a trace amount of rainfall and August 3 had 1.3 mm of
rainfall, let us accept the period of July 31–August 9 as the time of the August break
(Fig. 3b). There is a rainfall break from 22–27 July in the year 2001 at Owerri and
from 2–4 August in 2003 (Fig. 3b).
At Enugu, we see a break in rainfall between August 10–15 in the year 1986
(Fig. 4a) and an approximate August break from August 1–15 in 1988 which has the
bimodal rainfall pattern although some days recorded as much as 4 mm of rainfall like
August 14 (Fig. 4a). There is a partial break from August 17–22 1990 and a double
break in 1994 from July 26–28 and August 3–5 (Fig. 4b) and in 1997 from July 16–22
and August 7–11. The situation is similar in 1998 (Fig. 4b) although the rains were
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Fig. 2 (continued)

generally low for both study months. We can take the year 1999 at Enugu as showing
an approximate August break from July 29 through August 10 (Fig. 4b). The year
2001 (not shown) recorded a break in rainfall from July 22–27 while 2003 recorded
its break from August 2–5 (Fig. 4b).
Warri recorded more years with break in rainfall than Port-Harcourt, Owerri or
Enugu. The bimodal rainfall pattern expected in the Eastern humid zone of Southern
Nigeria can be seen in more of the study years at this site than any other. The daily
rainfall amounts for such years are shown in Fig. 5a, b. Let us qualify them as showing
the August break even though they had isolated cases of days with dry spell, trace
or low amounts of rainfall. The break occurred at times in July and at other times in
August. In Fig. 5a, we see the rainfall series for such years with three or more dry
days interspaced with trace or low amounts of rainfall as recorded by the rain gauge
at the station. For example, in 1986, there was a “break” in rainfall from July 16–19
and August 1–3, from August 4–10 in the year 1991, between 5–11 August in 1993
and August 4–7 in 1994 (Fig. 5a).
Other years at Warri that had approximate bimodal patterns in the rainfall pattern
or the August break are 1997, 1998, 1999 and 2003. We see signs of dry spell from
August 6–9 in 1997, July 25–27 and August 4–9 in 1998 where some of the “rainfall
break” days are actually a trace of rainfall amount. We can say that the year 1999 was
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Fig. 3 Years with signs of “August break” in the rainfall regime at Owerri

a clear demonstration of the “August break” since there was no rainfall at this site
from August 5–10. But in 2001 (not shown) and 2003, we notice a “break” for July
23–25 and July 29–August 9th respectively (Fig. 5b).

4 The expected “August break” in rainfall?
The bimodal rainfall pattern or the expected “August break” in the Eastern humid
zone of Southern Nigeria can only be seen in a few of the study years. At the coastal
Port-Harcourt site, it is only the year 1994 that showed this to some extent (Fig. 2a)
while 4 years at Warri (1986, 1991, 1993, 2003) do attest to this (Fig. 5a, b). Let
us qualify them as showing the August break even though they had isolated cases
of days with dry spell, at times in July and at other times in August. The rainfall
analysis at Port-Harcourt reveal that all the years considered with the exception of
1987 and 1989 experienced negligible spell of dry days. Three years (1988, 1994 and
1996) experienced up to five consecutive days of dryness or trace rainfall (dry spell).
Seven years (1988, 1990, 1991, 1994, 1997, 1999, and 2001) experienced up to 5 days
of consecutive days of dry spell with six of such dry spells occurring in the month of
August while one occurred in July. Only 1993 experienced no dry spell. For Owerri,
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Fig. 3 (continued)

7 years (1984, 1988, 1996, 1998, 1999, 2001 and 2002) showed clear dry spells. Five of
the spells occurred in August, while two of the spells occurred in July. It is interesting
to note that 1988 experienced dry spells of nearly equal length in July and August.
Warri rainfall profile reveal 8 years (1991, 1993, 1996, 1997, 1998, 1999, 2001 and
2003) of dry spell with five of the spell occurring in August while three occurred in
July. The longest dry spell occurred in 1998 (August) and 2001(July), both lasting
about a week each.
Tables 1 and 2 show percentage record of years with breaks in the month of July
and August respectively. Most of the stations experienced rainfall breaks of 2 days
within the 20 year period analyzed. From the analyses carried out we see that all the
sites recorded less than 100% of years with at least two consecutive days of no rain
in the month of August. Warri and Owerri recorded the highest of 95% and 85%
respectively for 2 days break. Stations that showed few years with at least 2 days
break in August (Port-Harcourt and Enugu) however experienced more of such
breaks in July. This trend was however not extended to days of higher break. Nearly
10 out of the 20 year period of our investigation for Warri (i.e. 47%) experienced
breaks of ≥ 4 days while Enugu experienced 35%. It can easily be seen that years
with breaks of greater than 4 days were rare. At Enugu for instance, only about 1
in 4 years showed a break of at least 5 days while Warri experienced one in 5 years
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Fig. 4 Years with signs of “August break” in the rainfall regime at Enugu

of days with up to 5 days of dry spell. Port Harcourt showed no year with a clear
dry spell within the period considered. Nonetheless, the study shows that there is a
greater possibility of longer spell breaks occurring in August than in July. The clear
evidence of no defined pattern in the cessation or break is not to be contested at the
four study sites for the study period. We will discuss the practical implications in the
next section.

5 Discussion of implications
According to Asadu (2002), the adoption of the term ‘August Break’ could have been
drawn from the observed frequency of occurrence rather than the overall moisture
balance. The observations made in this work reveal a clear depreciation or outright
disappearance of the length of the August break which defines the bimodal nature
of the rainy season in the southern part of Nigeria. The 2 to 3 weeks traditional
break (in rainfall) is gradually fading away and is now replaced by 2 to 3 days break
which is not significant enough. Many factors abound for this shift in the climatic
trend (Omotosho et al. 2000). The rainfall pattern is very erratic and does not show a
distinct nature of breakage. Inconsistencies in the break pattern surely has an adverse
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Fig. 4 (continued)

effect on agricultural output as harvesting and planting of fast growing varieties of
grains such as maize (Olaniran and Sumner 1990).
We may attribute the disappearance of the “August break” to climatic change
(Nicholson et al. 2000; Asadu 2002; Salako 2008) although reliable reconstructions
of past climates in the region will be a significant way to understand and quantify
the depreciation of the “August break”. Another approach will include analysis
of Regional Climate model simulation to investigate if the disappearance of the
interruption can be linked to anthropogenic forcing. This is part of the research focus
of our Atmospheric Physics Group where we are using the third generation Regional
Climate Model (RegCM3) of the Physics of Weather and Climate Group, Abdus
Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy.
The climate of West Africa is dominated by the seasonal movement of the West
African Monsoon and it seems that there is now a broad consensus that differential
changes in SSTs (sea surface temperature) of the Atlantic (north and south) and
the Indian Ocean represent the primary driver of climate change in the region
(Hulme 2001). Changes in land surface, vegetation dynamics, moisture flux and
possibly dust production probably contribute via secondary feedback mechanisms.
Global Climate model simulations suggest that the Atlantic Multidecadal Oscillation
(AMO) is a natural part of the climate system, but like El Nino Southern Oscillation
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Fig. 5 Years with signs of “August break” in the rainfall regime at Warri

(ENSO), anthropogenic climate change may influence the intensity, duration and
return periods of the AMO (Kamga et al. 2005; Hoerling et al. 2006; Wittig et al.
2007).
Agriculture is undoubtedly the most important sector in the economies of most
non-oil exporting African countries. Even in oil exporting economies like Nigeria,
it is the means of livelihood for the rural poor that make up more than 70% of the
population. Agricultural production (crops and livestock) is subsistence in nature
with a high dependence on the rain. A wholesome research on climate change and its
impacts on agriculture is therefore very crucial to the survival of the government
and people of West Africa that includes some of the world’s poorest nations.
Climate change, especially indicated by prolonged drought is one of the most serious
climatic hazards affecting the agricultural sector of the continent. As most of the
agricultural activities in West African countries are rain fed, any adverse changes
in the climate would likely have a devastating effect on the sector in the region,
and the livelihood of the majority of the population. It is not an overstatement
therefore to say that a change in the rainfall pattern of Nigeria will lead to more
and more poverty, unless government and agencies become serious in ensuring
that climate information is extended to the farmers, most of whom are illiterate.
http://www.cityfarmer.org/subafrica.html.
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Fig. 5 (continued)

Climate change in the already arid northern sub-region of Africa is expected to
enhance desertification and bring a gradual decrease in forest cover. In the Sahara
and Sahel sub-regions, rainfall is predicted to drop, resulting in soil degradation and
an increasing number of dust storms. In West Africa, more frequent and longer
dry periods are being noticed (Olaniran 1991; Landsea and Gray 1992). Climate
change, therefore, is expected to worsen the food supply, hence, exacerbate the
widespread poverty in the region (Payne et al. 1987; Glantz 1994). An established
pattern is that the availability of water in most parts of West Africa would be

Table 1 Percentage (%) years with break days in July
Stations

(%) Years with
at least 2
consecutive
dry days

% Years with
at least 3
consecutive
dry days

% of years
with at least 4
consecutive
dry days

% of years
with at least 5
consecutive
dry days

Port Harcourt
Warri
Owerri
Enugu

70
75
78
82

55
50
44
35

15
25
17
18

5
25
11
12
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Table 2 Percentage (%) years with break days in August
Stations

(%) Years with
at least 2
consecutive
dry days

% Years with
at least
consecutive
dry days

% of years
with at least 4
consecutive
dry days

% of years
with at least 5
consecutive
dry days

Port Harcourt
Warri
Owerri
Enugu

67
95
85
71

33
74
50
41

19
47
25
35

0
21
15
24

decreasing as a result of climate change (Nicholson et al. 2000; Sivakumar 1992). An
increase in temperature is likely to reduce soil moisture, moisture storage capacity
and the quality of the soil, which are vital for agricultural crops. Climate change
will affect livestock productivity directly by influencing the balance between heat
dissipation and heat production and indirectly through its effect on the availability
of feed and fodder. Climate change is likely to cause the manifestation of vector
and vector born diseases, where an increase in temperature and humidity will create
ideal conditions for malaria, sleeping sickness and other infectious diseases that
will directly affect the availability of human resources for the agriculture sector.
http://www.climate.org/CI/africa.shtml.
The impact of these adverse climate changes on agriculture is exacerbated in
Africa by the lack of adapting strategies, which are increasingly limited due to
the lack of institutional, economic and financial capacity to support such actions
(Amissah-Arthur 2003). The level of corruption by the politicians is not helping
matters either. The politicians are not thinking about the future of those they
govern, an apathy that will surely further exacerbate climate change in especially
sub-Saharan Africa. West Africa’s vulnerability to climate change and its inability to
adapt to these changes may be devastating to the agriculture sector, the main source
of livelihood to the majority of the population. The utmost concern should therefore
be a better understanding of the potential impact of the current and projected climate
changes on West African agriculture and to identify ways and means to adapt and
mitigate its detrimental impact (Sivakumar 1992).

6 Conclusions
Climate change may already play a role in existing conflicts. A June 2007 report by
the United Nations Environment Programme (UNEP) suggested that the conflict in
Darfur, Sudan has been in part driven by climate change and environmental degradation (UNEP 2007). Over the past 40 years, rainfall in the region has decreased
by 30% and the Sahara has advanced by more than a mile every year. The report
argues that the resulting tension between farmers and herders over disappearing
pasture and declining water-holes partly explains the Darfur conflict (UNEP 2007).
The UNEP report warned of a succession of new wars across Africa unless more is
done to contain the damage of climate change, concluding that “Darfur holds grim
lessons for other countries at risk.”
West Africa is one of the most vulnerable regions to climate change, but the
level of awareness on the magnitude of the phenomenon is not commensurate with
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the risks to which the region is exposed (Brown and Crawford 2008). Precipitation
changes in Africa during the twenty-first century have considerably more uncertainty, with some GCMs suggesting wetter conditions and others drier conditions.
This uncertainty is due in part to the different model parameterizations and climate
sensitivities in GCMs, which can lead to different simulations of precipitation under
the same forcing. One approach has been to use regional climate models that can
simulate precipitation processes better than GCMs because of finer scale and better
physical parameterizations.
It will take a collective effort to carefully monitor physical and natural systems
in Africa that may be affected by anthropogenic climate change to protect the
public. A long-term monitoring system for climate change should be developed using
existing technologies (satellites and surface measurements) and investing/replacing
infrastructure where needed. A good step will be to include the analysis of climate
model simulation to investigate if the disappearance of this interruption can be
linked to anthropogenic forcing. At the Atmospheric Physics Group of Imo State
University, part of our research focus is Regional Climate Change with emphasis on
anthropogenic effects and future climate scenarios, and natural climate variability.
Traditionally seen as an environmental and an energy issue, climate change is now
also being cast as a threat to international peace and security. Africa, though the
least responsible for greenhouse gas emissions, is seen as the continent most likely
to suffer its worst consequences—a function of the continent’s reliance on climatedependent sectors (such as rain-fed agriculture) and its history of resource, ethnic
and political conflict. In addition, because the occurrence of rainfall anomalies is
countrywide, government should intensify its irrigation projects by focusing more on
medium and small scale schemes than hitherto, so that the countervailing effect of
irrigation in agricultural production can be more effective. In the same vein appropriate technology is required in order to meet the challenges posed to agriculture
by rainfall anomalies in Nigeria (Olaniran 1991; Adejuwon and Odekunle 2006;
Salako 2008). The rainfall data for 1983–2003 analyzed between the months of July–
August for some sites in the Eastern humid zone of Southern Nigeria shows that
the “August break” may indeed “be breaking”. The oil-rich region of Nigeria where
the Agricultural farmlands are polluted by the oil companies are in our study area!
The tension-soaked part of Nigeria, the Niger-Delta region is part of the Eastern
humid zone of Nigeria. The tension affects the world’s crude oil price! And the
“August break” again is “breaking” to add to the problem of polluted farmlands!
An interdisciplinary solution is needed to meet the challenges posed to agriculture
by the rainfall anomalies.
In this study, we have analyzed the July–August daily rainfall data for 20 years in
the oil-rich Niger Delta area of Nigeria where subsistence agriculture is the main
source of livelihood for the inhabitants, more than 70% of whom reside in the
rural areas that depend on rain-fed agriculture. We have noticed that the “Augustbreak” may indeed be breaking. Marked variabilities have been reported in West
African rainfall (Olaniran 1991; Sivakumar 1992; Asadu 2002; Brown and Crawford
2008; Odekunle-and-Eludoyin 2008; Salako 2008) which has negative implications
for agricultural activity in the study area since it may exacerbate the present poverty
levels in a tension-soaked region.
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