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Abstract Rainfall trend is an important climatic factor that influences agricultural
products, groundwater production, drainage planning, commercial and industrial
activities. The research aims to determine the trends and variability of monthly,
seasonal, and annual rainfall for 30 years (from 1980 to 2010) in Sokoto (13.0059°N,
5.2476° E) and Maiduguri (11. 8333° N, 13.1500° E) using archives data obtained
from the Nigeria Meteorological Agency (NiMet), Oshodi Lagos Nigeria. Statistical
models were used to analyze the data. The results reveal that the maximum rainfall
recorded was 371.60 mm at Maiduguri station and 374.90 mm at Sokoto station
which shows a higher rainfall peak in Sokoto than Maiduguri. The coefficient of
variation in the Sokoto station (126.39%) was higher than that of Maiduguri station
(61.78%) which indicates that there was more rainfall variability in Sokoto than in
Maiduguri. Seasonally, the average rainfall recorded in both stations was 61.78%
and 126.39% respectively. No rainfall was recorded in January, February, and
November for Maiduguri station, more so, no rainfall was recorded in January,
November, and December for Sokoto station. According to Man-Kendal trend
analysis, significant trends (p<0.5) were observed in Maiduguri and Sokoto.
Therefore, the modelled statistical approach on rainfall trends and variability
revealed that the peak month of annual rainfall is between June and September for
the two stations. It can be recommended that the government should make
favourable policies to utilize the rainfall received during this period to store more
water in reservoirs and construction of water channels across the country.
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1 Introduction

The trend of rainfall and its variability over the sub-Sahara region of Africa is an
important requirement for the planning and management of water resources and is
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useful for agricultural irrigation farm practice and drinking purposes. Irrigation
farming is one of the major activities of Northern Nigeria. In this region, typical
shallow-well hand-pump is mainly utilized to extract groundwater while surface
water sources like streams and rivers are also used to obtain water for drinking and
other water requirements. Water resource management engages with engineering
activities that require adequate knowledge about the variation of rainfall and its
temporal pattern (Oloruntade et al. 2018). Recent weather variations which have
increased worldwide inconsistency of the hydrological cycle generate uncertainties
concerning the forecast of future climate conditions, and the associated impact on the
studies of long-term climate series have become increasingly necessary (Houghton et
al. 1996). According to Abdul Aziz and Burn (2006), planning, designing, and
operating of water reservoirs have a great impact on the variability quality and
demand of water in the rural areas of Nigeria. However, Oguntade et al. (2011) stated
that the behaviour of rainfall patterns in any area has an impact on the social and
economic significance of the location. In this regard, hydrologists are encouraged to
study the behaviour of the rainfall patterns through statistical analysis by predicting
and forecasting rainfall patterns across the globe (Oloruntade et al. 2018).

There are different kinds of floods experienced in the entire country due to the
overflow of the ocean and rivers. Different researchers have found out that extreme
rainfall events cause floods across the country (Oloruntade et al. 2018). As reported
by Oloruntade et al. (2018), a flood disaster that occurred in 2012 destroyed
properties that were valued at about 40 billion Naira (219.6 million USD), and
damaged nine local government areas of Kogi State including the state capital
Lokoja. Nigeria being a country where agriculture especially in the Northern part of
the country plays a major role in the economy to meet the rising demands for food
and potable water requires more judicious use of water in both irrigation and rain-fed
agriculture (Smith 2000). Several studies carried out on rainfall time series across the
world revealed that the effects were either positive or negative on the trends of
rainfall (Oloruntade et al. 2018). Authors like Xu et al. (2010), Wang et al. (2011)
and Anghileri et al. (2014) examined the monotonic trend of rainfall and its changes
across different locations in the world. However, time series analysis of rainfall
revealed either decreasing or increasing trends depending on the location (Mondal et
al. 2012). Further, Shahid (2010) studied the trend of annual rainfall in Bangladesh
during the 1958-2007 period and reported a significant increase in the average
annual rainfall. As reported by Oloruntade et al. (2018), there is spatial and temporal
scale variability and trend in rainfall across the Africa continent, particularly in the
West Africa sub-region. Different rainfall trends reported across Nigeria (Adefolalu
2007, Abaje et al. 2010, Akinsanola and Ogunjobi 2014) observed that there were
dry days in June and October over a study conducted in Kafanchan in the guinea
savanna ecological belt of Nigeria during 1974 to 1983 and 1999 to 2008. Also,
Abaje et al. (2010) revealed that there are significant dry conditions in June and
October during the period from 1974 to 1983 and from 1999 to 2008, respectively.
Therefore, this research focused on the study of rainfall trends and the variability of
rainfall over sub-Sahara stations in Sokoto and Maiduguri located in the Northern

Ruhuna Journal of Science 56
Vol 12 (1): 55-63, June 2021



F.O. Aweda et al. Analysis of rainfall trends in sub-Sahara Africa

part of the country. This study was based on monthly average rainfall data collected
from the Nigeria meteorological agency station (NiMet) over 30 years from 1980 to
2010 to investigate the trends and patterns across Nigeria.

2 Methods

The vegetation zone of the entire country with both locations Sokoto and Maiduguri
located in the Sahel region of the country is shown in Figure 1.
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Fig 1: Map of Nigeria showing the two locations and vegetation zone.

Rainfall data at Sokoto (13.0059° N, 5.2476° E) and Maiduguri (11.8333° N,
13.1500° E) stations recorded by the Nigeria Meteorological Agency (NiMet),
Oshodi Lagos, Nigeria is used in this research. Using statistical packages, these data
were analyzed to determine the trend and variability of rainfall at two stations.
Descriptive statistics including means, minimum, maximum, skewness, kurtosis, and
coefficient of variation were computed using rainfall data at Sokoto and Maiduguri
stations. The Mann- Kendal statistics was used to analyze the rainfall trend while the
normality of rainfall was determined using the Kolmogorov-Smirnov test. The
comparison of the monthly rainfall at the locations was carried out using the Mann-
Whitney test and a p-value less than 0.05 was considered statistically significant.
Also, linear regression was used to estimate the trend in the rainfall data. These
statistical analyses were carried out using STATA, SPSS, and MS Excel. The
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analysis of the trend using the Mann-Kendall test was developed at the
Meteorological institute (Salami et al. 2002) using a spreadsheet (Makesen 1.0), and
we used that to analyze and interpret rainfall trends in this study. Annual rainfall,
altitude and classification of the two locations are given in Table 1.

Table 1: Geographical location, annual rainfall, and climatic classification of the two stations.

Location Latitude °N Longitude °E Altitude  Annual rainfall ~ Climatic Classification

(m) (mm)
Sokoto 13.0059 5.2476 281 950 Tropical Continental
Maiduguri 11.8333 13.1500 354 1000 Tropical Continental

3 Results and Discussion

Descriptive statistics including variability in rainfall at Sokoto and Maiduguri
stations are presented in Tables 2 and 3. This result reveals that the maximum rainfall
recorded was 371.60 mm at Maiduguri station and 374.90 mm at Sokoto station
which shows a higher rainfall peak in Sokoto than Maiduguri.

Table 2: Descriptive statistics for rainfall data (1980-2010) in Sokoto, Nigeria.

Month Min. Max. Mean SD  Skewness Kurtosis COV (%)
January - - - - - - -
February - 2.80 0.09 0.50 5.57 31.00 556.78
March - 33.30 2.79 8.22 3.27 10.13 294.44
April - 30.80 4,58 7.98 2.03 3.64 174.13
May - 141.40 50.28 40.25 0.98 0.26 80.06
June 23.70 287.90 96.64 62.22 1.36 1.89 64.39
July 56.80 361.60 187.95 80.21 0.94 0.19 42.68
August 67.20 357.60 189.18 74.42 0.87 0.10 39.34
September - 374.90 97.43 71.13 2.04 6.84 73.01
October - 122.90 16.06 30.81 2.83 7.93 191.88
November - - - - - - -
December - - - - - - -
Overall 49.23 374.90 53.75 32.81 1.10 3.49 126.39

COV= Coefficient of variation (%), no data available (-)

The overall coefficient of variation in Sokoto station (126.39%) was higher than
Maiduguri station (61.78%). Monthly rainfall data are positively skewed in both
locations indicating that the monthly rainfall within the study period has increased.
The mean rainfalls in Sokoto in most of the months were higher than those in
Maiduguri. However, the highest COV recorded in Sokoto was in February
(556.78%), and Maiduguri was in May (29.80%).
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Table 3: Descriptive statistics for rainfall data (1980-2010) in Maiduguri, Nigeria.

Month Min. Max. Mean SD  Skewness Kurtosis COV (%)
January - - - - - - -

February - - - - - - -

March - 7.50 0.33 1.39 4.97 25.71 18.53
April - 60.90 7.57 12.31 3.01 1141 20.21
May - 78.10 29.54 23.27 0.65 -0.36 29.80
June 10.20 371.60 74.36 65.70 3.26 13.97 17.68
July 56.90 34270  169.01 68.49 0.59 0.08 19.98
August 67.30 296.40  183.79 64.16 0.03 0.80 21.65
September 0.30 231.80 97.74 62.14 0.54 -0.53 26.81
October - 81.70 13.32 19.54 1.99 4.36 23.92
November - 0.00 0.00 0.00 - - -

December - 2.50 0.08 0.45 5.57 31.00 17.96
Overall 122.7 371.60 47.98 29.64 0.32 0.001 61.78

COV= Coefficient of variation (%), no data available (-)

In Maiduguri, the minimum rainfall was observed in 1982 and the maximum in 2008
(Figure 2 (a)). However, the minimum and maximum rainfall recorded in Sokoto was
in 1988 and 2010, respectively. As revealed in Figure 2(b), the maximum monthly
rainfall was recorded in Sokoto (about 185 mm), while in Maiduguri it was about 180
mm. No rainfall was recorded in January, February, November, and December for
the two stations.

120,00

= Sokoto a .
—=— Malduguri 200,00 b
100.00 180,00
160.00
s0.00 140.00
g- 120.00
= 6000
£ 100,00
"
- 8000
40.00
60.00
20.00 40,00
20,00
0.00 —— — — 000
S O o oo b D I b Jo B VRN O £ P S D [P o
P g oF P o o oo of 3 $ &
G GG L S "E§§)'1,‘§>'L0 '»éa'»@"? Ve o \35*@&\?9"@%9& & & g
o

Year
Manths

Fig 2: (a) Annual average rainfall, and (b) monthly average rainfall in Sokoto and Maiduguri
(1980-2010).
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The summary result of the trend analysis of rainfall in Sokoto and Maiduguri using
Mann-Kendal (MK) statistics is given the Table 4. According to these results, there is
an increasing trend in monthly rainfall in almost all months other than February in
Sokoto. In February, Sokoto showed a declined trend (Z=-0.450, p=0.655). Similarly,
Maiduguri showed an upward trend of monthly rainfall in most of the months. Also,
it was observed that there was a significant upward monthly rainfall trend in August
at Maiduguri while March and December showed a non-significant decreasing trend
(p>0.05).

Table 4: Man-Kendal trend analysis for monthly and overall rainfall in Sokoto and Maiduguri.

Month Sokoto Maiduguri
MK Statistics MK Statistics

(Z value) P-value (Z value) P-value
January - - - -
February -0.450 0.655 - -
March 0.250 0.805 -1.680 0.094
April 1.610 0.107 0.290 0.769
May 1.341 0.181 0.420 0.677
June 0.320 0.746 1.130 0.260
July 1.500 0.133 1.17 0.088
August 0.930 0.353 2.390 0.017*
September 0.670 0.503 151 0.130
October 1.640 0.100 1.10 0.270
November - - - -
December - - -0.56 0.576
Overall 1.10 0.271 0.730 0.463

The MK statistics (z-value) of this analysis showed that Sokoto has no record in
January, November, and December respectively, and Maiduguri has no record in
January, February, and November. However, there is a significant positive trend in
the eight months for both Sokoto and Maiduguri stations, with the two stations
having a single difference. The gradient of the trend line varies from 1.640 mm/yr
(November) to 0.540 mm/yr (February) at Sokoto station. The gradient of the trend
line at Maiduguri station varies from 2.390 mm/yr (August) to 0.29 mm/yr (April).
This result was different from the observation made by Oloruntade et al. (2018),
where the focus was on the coastal region of Nigeria. The annual decrease in rainfall
indicates a dry condition in the Northern part of Nigeria and it leads to the depletion
in water availability for domestic, agriculture, and industrial use (Oloruntade et al.
2018). Also, the reduction in the rainfall trend may cause drought which is leading to
dryness in the streams, rivers, and lakes in the area. According to the report by Goud
et al. (2015), the insignificant upward trend in summer rainfall presents an
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opportunity for rainwater harvesting which can be utilized for small-scale irrigation
farming during the winter season. Miao et al. (2012) observed similar trends in the
variation of rainfall in Beijing, China during summer rainfall.

To compare the monthly rainfall in the two locations, the normality of the rainfall
data at Sokoto and Maiduguri stations were tested using Kolmogorov-Smirnov test as
shown in Table 5. According to these test results, p-values at Sokoto and Maiduguri
stations are less than 0.0001 which indicates that rainfall data were not normally
distributed.

Table 5: Kolmogorov- Smirnov test results of rainfall data in Sokoto and Maiduguri.

Statistic Sokoto Maiduguri
Mean 53.7489 47.9777
Standard deviation 82.23505 75.59486
Most Extreme Differences (Absolute) 0.257 0.263
Most Extreme Differences (Positive) 0.257 0.254
Most Extreme Differences (Negative) -0.257 -0.263
Kolmogorov-Smirnov Z 4.959 5.069
Asymp. Sig. (2-tailed) <0.0001** <0.0001**
Remarks NND NND

**significant at 1% (p<0.01), NND- Not normally distributed.

The monthly rainfall was also compared using the Mann-Whitney test and the
results are shown in (Table 6). The rainfall in May (p=0.044) and June (p=0.049) in
Sokoto station were significantly higher than that of Maiduguri station. Other than
these two months, there is no significant difference in rainfall between Sokoto station
and Maiduguri station (p>0.05).

Table 6: Mann-Whitney test results of monthly rainfall data in Sokoto and Maiduguri.

Mean Ranks
Months Sokoto Maiduguri Z-value P-value
Jan. 31.50 31.49 0.0001 0.9999
Feb. 32.00 31.00 -1.0000 0.317
March 32.71 30.29 -0.906 0.365
April 28.48 34.52 -1.381 0.167
May 36.11 26.89 -2.013 0.044*
June 36.02 26.98 -1.971 0.049*
July 33.06 29.94 -0.683 0.495
August 31.13 31.87 -0.162 0.871
September 31.15 31.85 -0.155 0.877
Oct. 30.66 32.34 -0.376 0.707
Nov. 31.50 31.49 0.0001 0.999
Dec. 31.00 32.00 -1.000 0.317
*Significant at p<0.05
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The summary of the trend analysis carried out using the regression model is shown
in (Table 7), and the coefficient of determination was 0.006 and 0.12 for Sokoto and
Maiduguri stations, respectively. Thus, the trend equation accounted for 0.6% and
1.2% of the variation in rainfall data in Sokoto and Maiduguri stations, respectively.
The linear trend is significant at Maiduguri station (p<0.05) while insignificant in
Sokoto station (p>0.05).

Table 7: Results of the linear trend analysis of rainfall data based on regression model in Sokoto and
Maiduguri stations.

Location R? B (Trend F-calc. P-value Remarks
coefficient)
Sokoto 0.006 0.705 2.194 0.139 Not significant
Maiduguri 0.012 0.930 4.544 0.034* Significant

The study revealed that mostly it has been dried over decades in the Northern states
of Nigeria and the situation may have continued in the 21% century. Although in the
months June, July, August, and September (JJAS), there are increases in the annual
rainfall with the peak in June and September, this signifies the summer months in the
country. However, due to the increase in rainfall in JJAS months, we suggest that the
government should be more proactive by constructing more dams with more water
storage facilities. Moreover, due to the rapid growth in the urban areas where the
high rate of flood has been experienced, it is suggested that the government should
make it a point of duty to provide appropriate water channels to enhance water flow.
Furthermore, the result of the present study could serve as a source of information to
farmers in the Northern state to adequately make use of this period of JJAS for their
planting season and enlightened the groundwater geoscientist in the exploration and
exploitation of portable water quality and sustainability within the study areas.

4 Conclusion

The modelled statistical approach on rainfall trends and variability revealed that the
peak months of annual rainfall is between June and September respectively. Farmers,
groundwater geoscientists and drainage engineers should therefore make proper plans
to utilize rainwater received during this period and monitor the surface-water flow to
avoid flood tide. Thus, the government should make favourable policies to utilize the
extensive rainfall received during this period to store more water by the construction
of dams and water channels/drainage across the country. This will also help to
provide portable quality water resources and minimize flood events that have been
experienced across the country.
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