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ABSTRACT
The analysis of the observed 30 years data that include the monthly precipitation, wind speed
and solar radiation from Maiduguri, Abuja, Ikeja and Port Harcourt is done to estimate the
approximate shift in the Inter-Tropical Convergence Zone (ITCZ) mean position over Nigeria. The
data are separated into three decades (1981-1990, 1991-2000 and 2001-2010) and their monthly mean
values are compared with each other and with the corresponding magnitudes over the whole period
(1981-2010). The results indicate that the overall precipitation increases southward across the country
while the annual mean intensity rises over the decades in all the selected locations. Using the extreme
decades, the magnitude of the rainfall in 2001-2010 is higher than the corresponding values in 19811990 by 20.84 mm, 9.87 mm, 18.40 mm and 6.89 mm in Maiduguri, Abuja, Ikeja (Lagos) and Port
Harcourt respectively. Further investigation in all the locations showed periods of elevated monthly
rainfall in the recent decades than other periods; the magnitudes compared to 1981-1990 are between
48.6mm-78.4mm which are much higher than the annual mean intensities while few months with very
low rainfall are observed in Abuja and Port Harcourt. As expected, reverse pattern is seen in the wind
speed which is generally lower in 2001-2010 than in 1981-1990. The rising magnitude of the
precipitation over the decades imply that the ITCZ must have been shifting slightly over the periods to
a more northern extreme in 2001-2010, causing northward spread of the rainfall which raises the
overall intensity of the rainfall across Nigeria. A persistent northward shift in the ITCZ position with
increasing magnitude of the associated rainfall could raise the current severity of soil erosion,
frequency of flooding that might cause severe damages and paralyze businesses in Nigeria under such
a future climate change. Hence, availability of data with advance technology for studying fluctuations
in the ITCZ position might improve weather forecast that could favour farm yield and save lives and
properties as climate changes in the future.
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1. INTRODUCTION
Food production in most parts of the World and particularly in sub-Saharan Africa
region is climate dependent such that crops are planted during the season with enough
moisture for the crops to grow and produce maximum yield. However, research has shown
that the spatial and temporal variability in rainfall patterns over Africa is very high. This is
especially the case along the southern margins of the Sahara called the Sahel in the Western
part of Africa where the variation in the mean annual rainfall over approximately 750 km
could be above 1000 mm. The report further indicates that a climate induced small shift in the
location of Inter-Tropical Convergence Zone (ITCZ) could have considerable effects on the
intensity of rainfall and consequently on the economy and on the society of the region.
According to Philander et al, the ITCZ position is characterized by low pressure and heavy
rainfall formed by condensation from moist air that rises under the strong solar heating along
the equator, before diverging poleward near the tropopause. The air later descends over
subtropical regions (within 30°N and 30°S) and then travels equatorwards as dry and cool
trade winds to complete what is known as Hadley Circulation. Thus, a few percent increase in
the heating from solar radiation, might strongly raise atmospheric water vapour that migrates
inland where it mixes with cloud to produce rainfall under favourable conditions [1-5].
Globally, the ITCZ position is sustained in a more northern location in the east by the
enhanced heating from the larger land mass in northern part of the region compared to the
west. Due to its sensitivity to solar heating, the ITCZ follows the north-south movement of
the sun, leading to seasonal distribution of the rainfall and the length of the net season in the
tropical region. In Africa and in Nigeria for example, the ITCZ is the interface between the
cool, moisture bearing south-western wind from the Atlantic Ocean and the hot, dry northeasterlies continental air mass (CAM) from the Sahara desert; it is a band of clouds and
rainfall with occasional thunderstorms. The ITCZ is in the southernmost position in Nigeria
around January-February (Fig. 1a) during which dry season prevails under the influence of the
north-east winds while rainy season begins in March, reaching the southern peak in July as
the ITCZ moves to a more northern position. The precipitation reduces (increases) thereafter
in the south (north) where there is what is called August break (rainfall peak) during which
the ITCZ is in the northern-most position (Fig. 1b) [6-8].
Furthermore, the northern precipitation declines in September while it simultaneously
rises to a secondary peak in the south due to southward migration of the ITCZ around
September-October after which there is long dry season between November-February
(October-April) in the southern (northern) Nigeria. Under the influence of rainfall, the
temperature is lower in the south which is near the Atlantic Ocean than in the North where dry
and cloud free conditions persist in most periods of the year. Hence, an ITCZ induced shift in
the intensity of the precipitation and the associated planting season, might have catastrophic
impacts on the country’s economy through drought or flooding during the respective time of
reduced rainfall or increased downpour. It is therefore necessary to improve our
understanding of the current forecasting capabilities in Nigeria so as to minimize the possible
climate hazards.
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Figure 1. The maps of Africa showing the locations of the ITCZ in (a) January and (b) July.
The approximate location of Nigeria is marked with red star.

2. THE STUDY AREA
The study area is Nigeria with focus on some selected regions as representative of the
whole country; these areas include Maiduguri from the north, Abuja in the central part of the
country while Ikeja and Port Harcourt represent the South and the far south respectively (Fig.
2). Nigeria is located in West Africa where it is positioned approximately between latitudes
4°N and 14°N and within longitudes 3°E and 14°E along its widest borders while it occupies
total area of about 923,768 sq km (2012 estimate). The country is bounded in the North by
Niger Republic, West by Benin Republic and shares boundary with Cameroon in the East
while Atlantic Ocean occupies the south where the Ikeja port in Lagos State is located [6,7].
It is a strategic place for investors and businesses due to her abundant natural resources
(led by petroleum) and population of over 174 million people (2012 estimate) which are
mainly farmers that depend on weather.
Nigeria is located in the tropical region where the atmosphere is warm throughout the
year. The daily temperature range could go beyond 35-38 °C depending on the location in
Nigeria while the monthly mean value is about 27 °C. The temperature in Nigeria is slightly
low in January before it rises as the Sun crosses the Equator and moves northward in March,
thus leading to high temperature around March-April while there is ITCZ (rainfall) induced
low magnitude in August. The warming diminishes when the Sun migrates southward,
resulting in the secondary high peak in October-November. The mean temperature is higher in
the north than in the wet and humid south where the temperature is damped under the
influence of rainfall which reduces northward over the country. This atmospheric condition
depends on the ITCZ induced seasonal changes in rainfall which in turn is important for
farming activities in Nigeria. The dry season is between November-February (October-April)
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in the South (North) while the remaining months are in wet season; the seasonal patterns
occur due to the north-south migration of the ITCZ location over the country.

Figure 2. Map of Nigeria showing the study areas (marked with red stars; Adapted from, [8]).
Inserted is the map of Africa with location of Nigeria in green [6].

3. DATA DESCRIPTION AND ANALYSIS
The data used in this study include the observed monthly precipitation, average
temperature, wind speed and solar radiation from the selected regions of the country based on
the available records. Maiduguri is selected from the north, the capital town of Abuja in the
middle, Ikeja in the south and Port Harcourt is picked because of its location in the far south
where there is rainfall throughout the year (Fig. 2). The data is from the National Metrological
Agency [NIMET] observational records of 1981-2010 with the exception of Abuja where
values from 1983-2010 are available. The average temperature is estimated as the mean value
while the monthly mean
magnitudes of all the variables are calculated over the 30 years. The monthly values are
obtained over one decade as average figure for each month and are estimated for 1981-1990,
1991-2000 and 2001-2010 periods.
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These records are compared for all locations while the overall monthly mean values for
respective decades are obtained and compared for each variable; however, few months are
without data.

4. THE RESULTS
4. 1. The Decadal Shifts in the ITCZ Position
The decadal shift in the ITCZ position is mainly investigated using the variations in the
rainfall intensity, wind speed and solar radiation since the ITCZ location in the thermal
equator is usually characterized by deep, moist convection, weak wind and strong solar
heating. The findings are explained under the following headings.
4. 1. 1. Rainfall Patterns and the ITCZ Position
The monthly rainfall data, estimated as average values for each month over each decade
(1981-1990, 1991-2000, 2001-2010) are investigated and compared with each other and with
the corresponding values averaged over the whole study period (1981-2010). The aim is to
use the monthly rainfall variations as a tracer of the ITCZ movement across the country.
Apart from the monthly values estimated over the three decades, only the precipitation
changes for the first decades (1981-1990), the last decades (2001-2010) and the long term
monthly magnitudes (1981-2010) are plotted for all the selected locations for clarity (Figs. 3a,
b, c, d). According to the figure, the downpour that started early enough in the south, reaches
the peak in June-July and has a secondary peak in September before a downward trend is
seen.
The rainfall started around March (May) and rose to the peak in August before it
declines to the minimum around November (October) in Abuja (Maiduguri). The rainfall is
generally lower in 1981-1990 when compared with the long term mean values in 1981-2010
while the magnitude rises above the mean levels during 2001-2010 periods. This observation
is more pronounced in the northern part of the country like in Maiduguri with broader curve
in the recent decade than the mean intensity and far above the magnitude in 1981-1990; this is
unlike the south where there is rainfall almost throughout the year.
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Figure 3. The changes in rainfall patterns as a measure of the shifts in the ITCZ position. The
patterns are shown for Maiduguri (MAI), Abuja (ABJ), Ikeja (IKJ) and Port-Hacourt (PH).
Note that the symbol used for each decade is the same in all locations.
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The above patterns might be explained by the seasonal movement of the ITCZ position
such that the rainfall is low in January-February during which the ITCZ is in the southernmost
location due to the southward expansion of the influence of the dry, north-easterlies CAM
over Nigeria. The rainfall later intensifies across the country as the ITCZ moves northward
under a weak north-easterlies CAM, reaching the central-northern peak in August when the
ITCZ gets to its northern-most location. This lead to the interruption of the southern peak
rainfall by a period of low precipitation called August break which is followed by southward
migration of the ITCZ and the gradual decline of the rainfall over Nigeria. These observations
further explained the broader bases seen in Port Harcourt and Ikeja where the downpour
started earlier and it also ended in the region when compared to the north where the onset of
the rainfall is delayed. Thus, the overall intensity of the rainfall increases southward with
magnitude of 1.57 mm/day (47.68 mm), 3.92 mm/day (119.22 mm), 4.03 mm/day (122.73
mm) and 6.43 mm/day (192.98 mm) in Maiduguri, Abuja, Ikeja-Lagos and Port-Harcourt
respectively. The monthly equivalents which are shown in the brackets are obtained by
multiplying the daily magnitudes by 30.4 which is the approximate average value of all the
months. The second observation is the continuous increase in the overall mean values of the
rainfall over the three decades (including 1991-2000). These are seen in the 2001-2010 curves
that tend to be slightly broader than those in 1981-1990 in all cases with major noticeable
exceptions in September over Abuja (Fig. 3b) and the slight decrease in the rainfall in AugustNovember in Port Harcourt (Fig. 3d). The overall mean values from each decade show that
the precipitation increases from south to the north. The mean values in all the locations
slightly appreciate in 2001-2010 above the 30 years long term average and also rises over the
decades such that the highest magnitudes are seen in 2001-2010, followed by 1991-2000 and
the least intensities in 1981-1990 (Fig. 4). However, the intensity of the rainfall should be
much greater in Ikeja than in Abuja, but the small difference between the two locations might
be due to data problem or the concentration of heavy downpours in the few months of the
rainy season in Abuja while rainfall might be weak in Ikeja during the study period.
MAI

Average Rainfall (mm)

8

ABJ

IKJ

P-H

6
4
2
0
1
1981-1990

2
1991-2000

3
2001-2010

4
Average

Figure 4. The overall mean values of the rainfall averaged over 1981-1990, 1991-2000,
2001-2010 and the 30 years for Maiduguri (MAI), Abuja (ABJ), Ikeja (IKJ) and
Port-Hacourt (P-H).
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Although the differences in the above values appear to be small across the decades, but
a closer look revealed strong changes in the monthly intensities of the rainfall. This decadal
changes in the monthly rainfall is investigated by subtracting the monthly average of 19811990 from 1991-2000 period, 1991-2000 from 2001-2010 and that of 1981-1990 from 20012010 for the extreme decades. All the results revealed positive values with few exceptions of
negative magnitudes in some months (especially in Port Harcourt, Abuja) when the monthly
differences are compared between all the decades (not shown); the outcome of the extreme
decades is shown in Figure 5. In agreement with the observations in Figure 3(a, b, c, d), the
curves indicate that the rainfall is generally higher in 2001-2010 when compared with that of
1981-1990 in each location; the exceptions are seen in the strong decrease of about 1.44
mm/day (43.8 mm) between August-November in Port Harcourt and the 1.86 mm/day (56.5
mm) in September within Abuja. In general, the 2001-2010 precipitation is above that of
1981-1990 by about 1.79 mm/day (54.4 mm) in August over Maiduguri while 1.96 mm/day
(59.6 mm) is recorded in July at Abuja. Also, 2.58 mm/day (78.4 mm) is observed in June in
Port Harcourt and Ikeja is characterized by several high intensities with the strongest value of
1.60 mm/day (48.6 mm) in May. The overall higher magnitudes of the precipitation in 20012010 compared to 1981-1990 suggest that the mean position of the ITCZ has slightly shifted
more to the north in the recent decade, thus spreading the rainfall further north and raising the
magnitude in the region and over Nigeria and her environments.
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Figure 5. The differences in the monthly rainfall obtained for the extreme decades by
subtracting the monthly values in 1981-1990 from the corresponding values in 2001-2010.

4. 1. 2. Wind Speed and the ITCZ Position
The ITCZ is called the doldrums because winds have weak strength within the area
under the influence of the ITCZ; thus, this is investigated using the wind speed data from the
selected areas. The first observation indicates that wind speed is higher in the northern parts
of the country than in the southern locations and also revealed that periods with elevated
downpours are characterized by reduced wind speed in the country (Fig. 6a, b, c).
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Figure 6. The decadal variations in the wind speed (m/s) from the study locations in Nigeria.
The line colours and symbols are similar to those used in Figure 3.
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There is no remarkable change in the wind speed in Port Harcourt where the speeds
remain low throughout the year under the persistent heavy precipitation from the moisture
bearing wind from the Atlantic Ocean (not shown). The result indicates that the high northern
wind speed is very low during the strong rainfall in August (Fig. 6a, b) while the low speed in
the south becomes strong within the southern parts in that month, this is followed by low
speed as the rainfall increases (Fig. 6c). This result is in agreement with the northward
migration of the ITCZ to the northernmost point in August with reduction in the wind strength
and intensification of the rainfall while opposite pattern is seen in the south.
Secondly, the wind speed is generally low in the recent decades with increased rainfall
(2001-2010) when compared to the 1981-1990 which is characterized by reduced rainfall.
This is in support of a possible northward shift in the ITCZ position over the country. As
expected, the speeds in Maiduguri are higher than the magnitudes observed in the
corresponding periods in Abuja, but there is jump in the wind speed in the recent decade in
Ikeja-Lagos, thus putting the mean value above that of 1981-1990 in the region and over the
corresponding periods in Abuja (Fig. 6b, c). The irregular patterns in the wind speeds from
these coastal regions might also be associated with local influences from the Atlantic Ocean.
4. 1. 3. The Solar Radiation Patterns and the ITCZ Position
Also, investigation into the impacts of solar radiation on the ITCZ formation is done by
comparing the solar radiation and the rainfall intensity. The Gunn-Bellani radiation data (in
millimetres) that relates the volume of liquid distilled by solar radiation to the quantity of
solar radiation reaching a horizontal surface is used for the comparison. The Gunn-Bellani
data is converted to solar radiation intensity unit of MJm-2day-1 (Millijoules per metre square
per day) by multiplying the values with a factor of 1.216 proposed by Ododo. In agreement
with north-south movement of sun, the solar radiation is low in January; it rises to the peak in
April and declines to the minimum in August under heavy rainfall before reaching the second
maximum in October-November (not shown). Thus revealing an inverse variations between
the rainfall and the solar radiation; this is further confirmed by the strong negative correlation
between the two variables in Maiduguri, Abuja, Ikeja and Port Harcourt with values of -0.53,
-0.93, -0.58 and -0.87 respectively. The strong correlation supports the importance of solar
heating in the formation of the ITCZ; however, the negative values show that the solar
radiation attenuates under the cloud formed during the heavy rainfall within the ITCZ. This
observation also explained the reduction in the solar radiation in 2001-2010 during which the
rainfall is higher than that of 1981-1990 in all locations with the exception of Abuja where the
solar radiation rises in the recent decade (not shown).
Similarly, the findings indicate that the associated sunshine hours and the long-term
mean temperature reduces southward as the rainfall increases while the magnitudes of both
variables are generally lower in the recent decade due to increased rainfall when compared to
1981-1990. For instance, the long-term mean sunshine hours in Maiduguri, Ikeja and Port
Harcourt is 8.26, 5.00 and 3.97 hours respectively; however, data representing the sunshine
hours for Abuja is not available for this investigation. In accordance with the above results,
strong negative correlation of -0.86, -0.54 and -0.83 is also obtained from Maiduguri, Ikeja
and Port Harcourt respectively. The temperature over the country is lower in the South which
is near the Atlantic Ocean than in the North where dry and cloud free days are common in
most periods of the year. The observed long-term mean temperature (1980-2010) from the
respective location is 27.73, 27.24, 27.21 and 26.96 °C for Maiduguri, Abuja, Ikeja and Port
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Harcourt while strong negative correlations are also obtained between the rainfall and
temperature. The temperature is generally low in December-February and in August in all the
selected areas while the temperatures intensifies as the Sun crosses the Equator around March
and moves northward, leading to the peak intensity in March from the southern regions which
shift to April-May in the North with increased magnitudes (not shown). The secondary peak
is seen in October-November as the Sun returns southward while low temperature is observed
between July-September as the ITCZ spread the moisture bearing cool wind from Atlantic
Ocean over the country [6-12].
4. 2. The comparison of the result with other data

Figure 6. The observed difference between the rainfall data in 2001-2010 when compared to
1981-1990 using the Precipitation Climatology Project (GPCP) precipitation data.
(Data Source: https://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl)

The outcomes of this study are compared with other data to establish the authenticity of
these results. For instance, the comparison with the Global Precipitation Climatology Project
(GPCP) data is in support of a northward shift in the mean position of the ITCZ in the recent
decade; this is confirmed by the higher intensity of the precipitation in 2001-2010 throughout
Nigeria when compared to 1981-1990 (Fig. 7). This might be associated to a northward shift
of the ITCZ and possible extension of the downpour to northern regions that are usually dry
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and hence causing an overall increase in the magnitude of the precipitation over the country.
The anomalous increase in the magnitude of the GPCP rainfall is approximately 0.5 mm/day
(15.22 mm), 0.3 mm/day (9.13 mm), 0.4 mm/day (12.18 mm), 0.2 mm/day (6.09 mm) in
Maiduguri, Abuja, Ikeja and Port Harcourt respectively. This is in close agreement with this
study where the value for each location is 0.68 mm/day (20.84 mm), 0.32mm/day (9.87 mm),
0.60 mm/day (18.40 mm) and 0.23 mm/day (6.89 mm) in Maiduguri, Abuja, Ikeja-Lagos and
Port Harcourt respectively.
Similarly, the annual variations in the rainfall patterns and the observed movement of
the ITCZ position across Nigeria with stronger rainfall in the south compare to the north is in
agreement with the study reported by Udo and Okujagu. In accordance with this research,
they observed peak rainfall in June-July (August) in the southern (northern) part of the
country while a secondary peak is seen in the south in September after the rainfall declines as
the ITCZ retreats southward over the country [11-19].

5. CONCLUSIONS
This study investigates the decadal shifts in the ITCZ mean position using 30 years long
data that include rainfall, wind speed, solar radiation and sunshine hours from Maiduguri,
Abuja, Ikeja-Lagos and Port Harcourt to estimate the approximate shift in the ITCZ mean
position over Nigeria. The data are separated into three decades (1981-1990, 1991-2000 and
2001-2010) and their monthly mean values are compared with each other and with the
corresponding magnitudes over the whole period (1981-2010) to examine the shift in the
ITCZ location. The result indicates that the annual mean precipitation increases southward
across the country while the intensity rises over the decades in all the locations; the magnitude
tends to be higher in the northern locations than in the south. Using the extreme decades, the
results revealed higher magnitudes of rainfall in 2001-2010 than in 1981-1990 with values of
20.84 mm, 9.87 mm, 18.4 mm and 6.89 mm in Maiduguri, Abuja, Ikeja (Lagos) and Port
Harcourt respectively; the values are in good agreements with observation (GPCP). As
expected, reverse pattern is seen in the wind speeds which are generally lower in 2001-2010
with heavier rainfall when compared to that of 1981-1990. Though the annual mean changes
in the rainfall is low in each location (Fig. 4), but the observed elevated monthly rainfall of
magnitudes between 48.6 – 78.4 mm and the months with extremely low precipitation in
1981-1990 when compared to the recent decade could cause environmental hazards (Fig. 5).
This investigation indicates that there is shift in the average position of the ITCZ to a
more northern location over the thirty years studied. This imply that the ITCZ must have
moved beyond its usual northern border in 1981 to a more northern extreme in 2010, causing
northward spread of the rainfall that consequently raises the overall intensity of the
precipitation across Nigeria. A persistent northward shift in the ITCZ position with increasing
magnitude of the associated rainfall could raise the severity of soil erosion, spread of diseases
like malaria and dengue, rise in frequency of flooding that might cause severe damages and
paralyze businesses under a future climate change. Example might be seen in the flooding
caused by intensification of rainfall between 1985 to 2014 that negatively touched the lives of
over 11 million people in Nigeria, causing about 1100 deaths and damages worth more than
US$17 billion.
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Also, severe flooding in Kano (in north) claimed several lives, displaced thousands of
people, damaged 180,000 houses and 14,000 farms in August, 1988 while 24 people died with
about 100 houses destroyed and over 300 people displaced due to flooding in the area in July,
2011. The increased flooding and its damaging effects have been attributed to climate change
with increase in rainfall and other factors like rapid population growth, poor urban planning
during the current rising of urbanization. As part of the suggested solutions, availability of
flood data with improved research and better technology for monitoring floods are necessary
while strong political will, funding, public enlightenment and good environmental and
physical planning are needed to combat the problem under a future climate change. Hence,
proper monitoring of shifts in the ITCZ position might help to improve climate prediction that
will raise farm yields and save lives and properties during the associated environmental
hazards.
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