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ABSTRACT: This study examined the trends in monthly 
and annual rainfall totals in the Sudano – Sahelian zone of 
Nigeria. Ten synoptic stations were selected across the 
region and monthly rainfall records for 60 years (1952 – 
2011) were obtained from the Nigerian Meteorological 
Agency (NIMET) for each station. Descriptive statistics of 
the long-term characteristics of rainfall were computed for 
all the stations while dispersion and variability indices 
(standard deviation and coefficient of variation) were also 
calculated for all the sampled stations. Anomaly values 
were computed for all the stations using the Standardized 
Rainfall Anomaly Index (SRAI). Time series for each station 
were plotted to present the inter-annual characteristics of 
rainfall in the study area. Decadal mean rainfall maps of the 
area were produced using Krigin Interpolation in Arcmap 

environment of ArcGIS 10.1 software. The results revealed 
that there was a downward trend in rainfall amounts in the 
1970s and 1980s which was responsible for the drought 
episodes of 1972/73 and 1980 and an upward trend in the 
amount of rainfall between 1990 and 2011. These 
downward trends in rainfall resulting in droughts and 
upland trends resulting in floods have implications for 
agricultural production in the region. The Federal and 
States Governments affected by these implications should 
adopt measures towards tackling the situation in the 
region. 
 
Keywords; Rainfall, trends, Sudano-sahelian zone, spatial, 
temporal, agricultural 
 

 
 
 
INTRODUCTION 
 
Nigeria is experiencing unfriendly climate conditions with 
impacts on the welfare of millions of people. Persistent 
droughts and flooding, delay in onset of rains, early 
cessation of rains, and short rainy season including 
pronounced dry spells have caused low agricultural 
production for a country that is dependent on rain-fed 
agriculture. Inadequate water resources resulting from a 
reduction in quantity in river flow and lakes except during 
periods of floods means less water for use in agriculture, 
hydropower generation, and other sectors. These 
changes are attributed to the changing climate. 

 
 
 
 
 
 In addition to the above, extreme climate events cause 
drought conditions to become worse leading to 
desertification and enhancing climate uncertainty. Arid 
and semi-arid areas in northern Nigeria are becoming 
drier and the Sahara Desert is fast encroaching into the 
country. Rainfall has marginally increased over parts of 
northern Nigeria particularly over the northwestern states 
that are either recovering from deficits or have no 
significant changes. However, deficits are observed over 
the northeastern part of the country (NIMET, 2014). 
Rainfall in the Sudano-sahelian zone of Nigeria is largely  
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seasonal with distinct wet and dry seasons. The rainfall in 
the region varies from 1500mm per annum in the 
southern part to 400mm in the northern part. The rainy 
season lasts from about 7 months (April to October) in 
the southern part to as low as 3 months (July to 
September) in the northern part (Ati et al., 2007). 

 The processes controlling rainfall over most of Africa 
are now reasonably well understood. In particular, 
numerous studies have demonstrated that relatively 
warm conditions over global oceans, especially the 
Atlantic and Indian Oceans, tend to promote drier 
conditions over the continent as a whole. This is 
particularly true for Sahelian Africa. Thus, if a long-term 
trend towards higher temperatures continues over the 
global oceans, a scenario in which the more arid 
conditions continue is plausible. Anthropogenic changes 
of the land surface, particularly land-use change and 
desertification, have significantly influenced rainfall and 
there has been speculation that this is the cause of the 
drier conditions in the Sahel. Current evidence suggests 
that the changes of the land surface that significantly 
impact climate (e.g., vegetation cover, surface albedo, 
and soil moisture) are much more strongly controlled by 
natural climate variations, such as the recent decline in 
rainfall, than by human-induced land-use change or 
degradation. On the other hand, there is abundant 
evidence that feedback exists between the surface and 
atmosphere, including the rainfall process over Africa 
(Nicholson, 2001). Since the early 1960s, the Sahara has 
advanced south into the Sahel at a rate of two to five 
kilometers per year and during the past century, the 
fragile ecosystem of the Sahel region has been unable to 
sustain its vegetation. Overgrazing from livestock, the 
adoption of western farming practices, and poor 
management of water resources have contributed to the 
desertification of the area.  These factors have limited the 
region's ability to recover from extreme drought events. 
As more and more land became agricultural few trees 
were left on the Sahelian horizon impacting both soil 
quality and runoff.  Additionally, the change in land cover 
has resulted in an alteration of the land surface albedo.  
All these are believed to be contributing further to change 
in the region’s climate, particularly precipitation (Smith, 
2008). This study provides an update of current rainfall 
behavior and patterns in the Sudano- Sahelian zone of 
Nigeria, it investigates the temporal and spatial pattern of 
monthly distribution of rainfall in the region for 60 years 
using rainfall records from 10 synoptic stations spread 
along the study area and it also highlights fluctuations 
and possible changes in rainfall series across the region 
on annual time scales. The temporal and spatial 
characteristics of rainfall variations and changes over the 
region are also discussed. The analysis determines 
whether changes are evident in rainfall patterns and if 
they may be linked to the general trends. However, the 
primary aim of this research is to examine the temporal 
and spatial rainfall trends in the Sudano– Sahelian zone  

 
 
 
 

of Nigeria. To achieve this aim, the following specific 
objectives are outlined: 

 
(i) To analyze the monthly and annual rainfall 
across the study area. 
(ii) To identify the spatial distribution of rainfall 
variation across the region. 
(iii) To determine whether changes are evident in the 
structure of the rainy season over the region within the 
years under study. 
(iv) To examine the implications of the Spatio-
temporal trends on agricultural production in the region 
 
 
METHODOLOGY 
 
Type and source of data 
 
The basic research data used is secondary data of 
monthly rainfall records obtained from the archives of the 
Nigerian Meteorological Agency (NIMET). No other data 
is used apart from monthly rainfall records. 
 
 
Sampling of stations and sample size 
 
The Sudano- Sahelian zone of Nigeria is made up of 
eleven states with each state having at least one synoptic 
rainfall station but for this study, ten stations ( Yelwa, 
Kano, Potiskum, Sokoto, Gusau, Katsina, Maiduguri, 
Yola, Bauchi, and Gombe) were purposively selected 
because the locations of these stations adequately 
represent a fair coverage of the study area and its 
regional climate pattern and also because the station in 
Jigawa (Dutse) as the eleventh state of the zone is the 
youngest and could hardly provide data of the 2000s. 
NIMET uses standard instruments and routines for 
recording meteorological data as set by the World 
Meteorological Organization (WMO), therefore, these 
stations possess the most reliable and readily available 
meteorological records for the region. The data used 
provides successive climatological ‘normal’ periods 
following the World Meteorological Organization (WMO) 
standard (Buba, 2010). Sixty years was selected to give 
out a stretched/larger picture of the fluctuating trends of 
rainfall in the region while the year 1951 was purposely 
selected as the initial year because the readily available 
data stopped at 2011 for most of the stations thereby 
making 1951 the initial year.            
 
 
Data collection 
 
The data consist of monthly rainfall records dating back 
to 1952 to 2011 as available. Soft copies of the data were 
obtained from the database of the Nigerian Metrological 
Agency (NIMET). 
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Methods of data analysis 
 
Computation of rainfall characteristics 
 
Descriptive statistics of the long-term monthly and annual 
rainfall characteristics were computed for all the stations 
to facilitate the understanding of temporal rainfall 
variations in the region while variability indices were 
computed as Coefficient of Variability. Annual Rainfall 
totals were calculated by summing up the yearly rainfall 
data for each month in each station within the period 
under study while Monthly totals were calculated by 
summing up the monthly rainfall data for each year within 
the period under study. The coefficient of variation (CV%) 
as a measure of dispersion was calculated by dividing the 
standard deviation by the mean and multiplying the result 
by 100 while the standard deviation (δ) describes the 
dispersion of rainfall from the mean value. 
 
 
Test of trends 
 
Annual Rainfall Anomaly values were used to compute 
for all the stations to identify variation and fluctuations in 
the rainfall values. The Standardized Rainfall Anomaly 
Index (SRAI) was used to plot time series for each station 
to present these inter-annual characteristics of rainfall for 
the study area The SRAI was calculated for the individual 
stations using the following equation: 
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Xij = rainfall departure for the year; 
rij = the year’s rainfall total at the station I; 
ri = the mean of station i’s total for the base period; 
i = the standard deviation of station i’s totals for the base 
period; 
Nj = number of years when data are available. 
 
Five years moving averages were also computed and 
superimposed on the time series to enhance the 
identification of fluctuations in the inter-annual behavior of 
rainfall for the respective locations. Trend lines 
superimposed on moving averages are used to establish 
the direction and strength of the trends. The long-term 
monthly averages of rainfall were converted to decades 
and tabled to see fluctuation in moisture status of each 
decade as being normal, slightly wet or dry, severely wet 
or dry, and extremely wet or dry.  

Microsoft Excel was used to compute for all rainfall 
characteristics (totals, averages, coefficients of variation, 
linear regression, and SRAI) and also to create the time-
series graphs.   
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Analysis of variance 
 
To compare if there is any significant difference in mean 
monthly and mean annual rainfall between the stations, 
monthly averages, and annual averages were tested 
using the ANOVA tool in Microsoft excel.  
 
 
Spatial distribution of rainfall 
 
The long-term mean monthly rainfall values were used to 
produce graphic maps for the 6 decades under study 
which describes the main spatial features of the study 
area. These maps were created using Krigin method of 
Interpolation in Arc GIS 10.1 software. This involved the 
use of inference to generate the data for the neighboring 
regions from the data of their neighbors, this method 
adopts the Tabular first law of Geography which says 
everything is related to everything but closer things are 
more related. 
 
 
RESULTS AND DISCUSSION 
 
Monthly rainfall characteristics by the stations 
 
Rainfall usually starts in April/May and ends in 
September/October over the study area and lasting   5 to 
7 months on average. Rains start earlier and stop later in 
the southernmost parts and start later and cease earlier 
in the northernmost parts of the region. Rainfall amount 
continues to increase with the advancement of the rainy 
season until a peak is reached in August. Rainfall amount 
then decreases subsequently until it eventually ceases. It 
can also be seen that the increase in monthly rainfall 
amount, from the onset until the peak is reached, is more 
gradual than the decrease from when the peak is attained 
to when the rains stop. This is in line with the findings of 
Buba (2000). There is no significant difference in the 
mean monthly rainfall between the stations at a 95% level 
of significance because the calculated value is greater 
than the table value (Tables 1 and 2). Thus, the null 
hypothesis is accepted. 

According to the anomalies in (Figures 1-10), Sokoto, 
Katsina, Gusau, and Potiskum show a slightly declining 
trend while trend lines in Maiduguri, Yola, Bauchi, 
Gombe, and Kano show an increase with Kano having 
the sharpest rise. Near normal conditions prevailed in all 
the 6 decades understudy in Yelwa. Annual rainfall in the 
first three decades appears to have normal moisture 
levels with more positive anomalies/fluctuations than 
negative in most stations. The mid/late 1990s seem to 
mark a recovery to normal moisture levels. These 
findings corroborate the similar opinions expressed by 
Nicholson (2001), Ati et al. (2009), Ifabiyi and Ojoye 
(2013), Ogungbenro and Morakinyo, (2014). In this study, 
however, it is apparent that it is not  only  the  1990s  that 
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Table 1: ANOVA for mean annual rainfall for the stations. 
 
Sources SS df MS F P value F crit 
Between Groups 87431200 9 9714578 256.808 5E-197 1.895818 
Within Groups 22205138 587 37828.17 
Total 1.1E+08 596 183953.6 

 
 
 

Table 2: Mean monthly rainfall (mm) for the stations. 
 

STATION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Yelwa 0.06 1.06 9.60 33.89 107.00 145.61 209.25 248.01 194.44 54.28 0.49 0.04 
Sokoto 0.05 0.05 1.76 7.38 47.30 97.90 181.03 207.88 107.43 20.15 0.16 0.00 
Gusau 0.07 0.07 3.47 20.61 73.67 128.53 201.03 273.91 194.45 32.27 0.39 0.32 
Katsina  0.32 0.01 0.58 7.75 31.75 79.06 163.34 217.14 93.46 11.63 0.22 0.00 
Kano 0.03 0.18 1.71 14.22 57.85 139.15 244.39 314.49 144.72 18.74 0.00 0.00 
Potiskum 0.02 0.00 0.17 7.21 36.05 80.54 186.72 233.07 113.73 32.56 1.06 0.00 
Maiduguri 0.00 0.00 0.41 9.34 31.18 78.22 166.24 205.62 100.03 13.94 0.01   
Yola 0.08 2.20 6.19 48.64 104.53 135.34 165.54 190.44 182.44 55.98 0.82 0.23 
Bauchi 0.01 1.30 3.70 30.89 92.30 151.95 259.23 289.55 172.85 37.16 0.10 0.00 
Gombe 0.00 0.00 0.46 23.12 84.26 128.95 199.59 300.42 164.72 52.98 0.41 0.00 

 
 

 
Figure 1: Rainfall anomaly at Yelwa 

 
 

 
Figure 2: Rainfall anomaly at Sokoto. 

 
 
recovered to normal moisture levels, the region 
maintained wet conditions up to the 21st century in all the 
stations except in Gusau, Gombe, and Katsina where a 
severe drought was experienced in the 1990s and 2000s. 
It can be seen that the temporal distribution of rainfall is 
quite variable. Actual rainfall, as indicated by the 

anomalies fluctuates around the horizontal axis to which 
the series has been fitted. This demonstrates the 
relationship between the long-term mean and changes 
from one year to the other. The magnitude of the inter-
annual variation is also vividly captured (Tables 3 and 4). 
Fluctuations in moisture status of individual years being  
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Table 3: Long-term inter-annual rainfall (mm) variations by the stations. 
 

 
Stations 

Mean rainfall 
(mm) 

Standard deviation Coefficient 
of variation 

Yelwa 1002.1 184.3 26.1 
Sokoto 667.9 184.3 32.1 
Gusau 923.6 210.1 0.2 
Katsina 605.3 319 32.5 
Kano 932.57 320.72 20.92 
Potiskum 688.29 247.16 0.36 
Maiduguri 603.66 155.48 33.42 
Yola 891.36 171.58 0.19 
Bauchi 1039.05 190.25 0.18 
Gombe 948.97 172 0.18 

 
 
 

Table 4: ANOVA for mean annual rainfall for the stations. 
 
Sources SS Df MS F P value F crit 
Between Groups 87431200 9 9714578 256.808 5E-197 1.895818 
Within Groups 22205138 587 37828.17 
Total 1.1E+08 596 183953.6 

 
 

Table 5: Decadal rainfall anomaly in each station. 
 
Stations 1952-1961 1962-1971 1972-1981 1982-1991 1992-2001 2002 – General Trend  2011 
Yelwa NN NN NN NN NN NN                NN 
Sokoto SW SW SD SD SW SW                SW 
Gusau SW SD SD SD SW SD                 SD 
Katsina SW SW SD SD SD SW                SW/SD 
Kano SD SD SD SD SW SW                SD 
Potiskum SW SD SD SD SW SW                SD/SW 
Maiduguri SW SW SD SD SW SW                 SW 
Yola SW MD SW SD SW SW                 SW 
Bauchi SW MD SD SD SW SW                 SW 
Gombe NA NA NA NA SD SW                 SD/SW 

 
Where; NN = Near Normal, SW = Slightly Wet, MD = Mild Drought, SD = Severe Drought and NA = Not Available. 

 
 
 
normal slightly wet or dry, severely wet or dry, and 
extremely wet or dry are shown in (Table 5). By this, it 
becomes possible to assess any year or couple of years 
as having normal, high, or low moisture levels. All the 
stations considered commonly exhibit these fluctuations 
which conform with the general nature of inter-annual 
rainfall in the tropical region. 

Generally, annual rainfall totals over the region 
decreased from the late 1960s towards the 1970s and 
1980s. However, the trend in annual rainfall over the 
Sudano-sahelian zone of Nigeria indicates that there has 
been an overall increase in the annual rainfall for the 
entire period under study with a recession in the 1960s - 
1970s and 1980s due to the drought of 1972/73 and 
1980s in the zone.  

However, some studies show that the observed trend 
towards aridity has been reversed in the twenty-first 

century as a result of the Green House Effect (Held et al., 
2005; Wang and Eltahir, 2002; Brooks, 2004). Based on 
climate data for the period extending from 1952 - 2011, 
the present study has confirmed that drought conditions 
have persisted in the Sudano-sahelian zone of Nigeria up 
to the 1990s and that an upward trend of rainfall was also 
being observed since the last episode of the 1980s 
drought an implication that the Sudano-sahelian 
Ecological one of Nigeria is getting wetter in most of the 
stations. Figures 1-10 capture this feature and it can be 
seen that Kano has been experiencing drought conditions 
since the 1950s; it was only in the last two decades that 
wetter conditions are observed.  

However, not all the stations recovered from drought 
conditions in the last two decades (the 1990s and 21st 
century), Gusau witnessed drought in the first decade of 
the 21st century as well as Katsina and Gombe (Table 5). 
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Figure 3: Rainfall  anomaly at Gusau. 

 
 
 

 
 
Figure 4: Rainfall anomaly at Katsina. 

 
 

 
Figure 5: Rainfall anomaly at Kano 
 
 

 
Figure 6: Rainfall anomaly at Potiskum. 
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Figure 7: Rainfall anomaly at Maiduguri. 

 
 

 
Figure 8: Rainfall anomaly at Yola 

 
 

 
 
Figure 9: Rainfall anomaly at Bauchi. 

 
 
Spatial distribution of decadal rainfall by the stations 
 
Figures 11 - 16 show the variation in the properties of 
rainfall by the locations within the study area. It can be 
seen that Gombe having the lowest amount of data 
received the lowest rainfall in all the decades.  Moreover, 
Bauchi, Kano, and Yelwa received less than all the other 
stations in the decade 1952 – 1961. In the second 
decade, Yelwa, Kano, Gusau, Yola, and Bauchi had wet 
conditions surpassing all other stations as well as in the 
third decade except Kano. These four stations remained 
the wettest for the next two decades. In the fifth decade, 
however, Kano received more.  

 
 
In the second decade, Yelwa, Kano, Gusau, Yola, and 
Bauchi had wet conditions surpassing all other stations 
as well as in the third decade except Kano. These four 
stations remained the wettest for the next two decades. 
In the fifth decade, however, Kano received more rainfall 
than the past two decades. It can be seen that the last 
decade had more stations with wet conditions than all 
other decades. These stations are Kano, Yelwa, Bauchi, 
Yola, Potiskum and Gusau. Of all the 10 stations, the 
stations Sokoto, Katsina, Potiskum, and Maiduguri had 
the least fluctuations. These variations are generally 
linked to complex feedback mechanisms mainly due to 
deforestation, land cover change and atmospheric dust 
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Figure 10: Rainfall anomaly at Gombe. 
 
 

 
Figure 11: Decadal spatial distribution of rainfall (1952 – 1961). 
 

 

 
Figure 12: Decadal spatial distribution of rainfall (1962 – 1971). 

 
loadings. High vegetation density areas receive cooling 
feedback on their sea surface while low vegetation 
density areas receive warming feedback on its sea 
surface Therefore, it can be seen that the spatial 

variability of rainfall at each sampled station is unique 
mainly due to climate and the variation in vegetation 
cover as a result of the difference in population across 
the stations caused by factors   such   as   migration   and  
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Figure 13: Decadal spatial distribution of rainfall in the (1972 – 1981). 

 
 

 
Figure 14: Decadal spatial distribution of rainfall (1982 – 1991). 

 
 
urbanization over the years under study. This 
corroborates with the findings of Wang and Eltahir, 2000, 
2002; Bounoua et al., 2000; Nicholson, 2001; Semazzi 
and Song, 2001; Prospero and Lamb, 2003; Zheng, 
2003; Christensen et al., 2007). 
 
 
Implications of rainfall variations for agricultural 
production in the Sudano Sahelian region 
 
The Spatio-spatial variations of rainfall had implications 
on agriculture of the Sudano-sahelian region of northern 
Nigeria which is highlighted. The drought of 1972/1973 
reduced agricultural contribution to Gross Domestic 
Product in Nigeria from 18.4% in 1972-73 to 7.3% in 
1972-73. The poor yield of crops or total crop failure due 
to drought resulted in mass poverty and starvation as 
agriculture is the mainstay of Nigeria’s rural economy 

(Abubakar and Yamusa, 2013). The poor households that 
were affected by drought do not have adequate 
resources to deal with food shortages leading to food 
insecurity and hinder that affects millions of people in the 
Sudano- Sahelian region (Abubakar and Yamusa, 2013). 
The 1972/73 severe drought led to the migration of 
peasant farmers who fled from their rural area to settle 
temporarily at the outskirts of major cities becoming 
internally displaced. The then Head of State General 
Yakubu Gowon (Retired) visited some of the displaced 
farmers to assure them of Government resolve to tackle 
the situation. According to Ibrahim (2002), the drought 
makes normal human activities and living conditions 
difficult which forced people to seek alternatives which in 
most cases make migration the only option. During the 
1983 and 1986 Sudano-sahelian droughts, the Lake 
Chad water level had fallen below 293m and River Yobe 
completely dried up leaving the irrigating scheme based  
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Figure 15: Decadal spatial distribution of rainfall (1992 –2001). 

 
 
 

 
Figure 16: Decadal spatial distribution of rainfall (2002 – 2011). 

 
 
on it unproductive (Ibrahim, 2002). This was followed by 
losses in crop production and livestock population for 
example during the 1983 drought about 1,447,512 tons of 
crops and 9-8 million livestock were lost. In the former 
Borno state, presently comprising of Borno and Yobe 
States (Ibrahim, 2002). The upward trend in rainfall from 
1990 to 2011 has resulted in the occurrence of flooding in 
some parts of the Sudano-sahelian region. One of these 
floods was the August 2004 floods in Gombe that led to 
the death of many people and killed many domestic 
animals that are reared within residential areas. In 
Katsina metropolis, floods that occurred during the rainy 
seasons of 2004 and 2005 damaged crops that are 
grown through urban agriculture and also rendered some 
farmers homeless as their farmlands were damaged by 
the floods and they had no alternative but to seek 
temporary shelter within public primary schools (Ladan, 

2007). The floods that have been occurring in the region 
have negative impacts on agriculture as the flood has 
resulted in washing away of the topsoil which is the 
richest part of the soil and contains organic matter and 
other crop nutrients (FAN,2020). 

From the year 2012 to 2020, the upward trend has 
continued that by September and October 2012 heavy 
downpours led to severe flooding that ravaged various 
sectors of the Nigerian economy including agriculture. 
Due to the 2012 floods, many farmlands of crops such as 
rice, maize, and sorghum were affected in areas around 
the basins of Sokoto- Rima and Hadejia – Jamaare 
located within the Sudano- Sahelian zone (Sidi, 2012). 
According to Sidi (2012), the 2012 floods occurred at a 
time when harvesting was on-going, and as such many 
farmlands of maize could not be harvested due to 
damages by the floods. 
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The continued upward trend in rainfall further led to 

another major flood event in the year 2020 which affected 
settlements and farmlands in the Sudano-sahelian zone. 
In Kano and Jigawa States the floods led to the death of 
94 people most of whom are rural farmers with the floods 
been described as the worst in the two States since 1988 
(Maishanu,2020). Many officials including President 
Buhari expressed concern that the floods could worsen 
Nigeria’s food insecurity and led to an increase in the 
price of basic food crops like rice. The floods also 
wreaked havoc in the farming communities of Kebbi State 
as at least 450,000 hectares (1.2 million acres) were 
destroyed (Olurounbi, 2020). The farmers had targeted a 
2-5 ton contribution to the national food basket which was 
reduced to less than 2% of the target (Olunrounbi, 2020). 
Many of the Kebbi State farmers were those who 
benefited from the Federal Government Anchor- 
Borrower Program aimed at assisting peasant farmers to 
produce rice for domestic consumption to halt rice 
imports. 

The other states like Yobe and Katsina States as the 
Sudano- Sahelian region also recorded heavy rainfall 
leading to floods which damaged crops such as maize, 
millet, and sorghum. It is based on this that Babatolu 
(2019) observed that flood is becoming the most frequent 
disaster in Nigeria and one of the major challenges 
threatening agricultural production in Nigeria. In the last 
three decades, millions of hectares of farmlands have 
been destroyed or washed away (Babatolu, 2019). 
 
 
Conclusion 
 
The results like those of others establish that rainfall has 
been increasing in the Sudano -Sahelian ecological zone 
of Nigeria and that the region is getting wetter since the 
1990s with the month of August as the wettest month.In 
conclusion, this study shows that there is no change in 
the structure of the rainy season in the Sudano-sahelian 
zone from the 1960s to 2011. Spatial variability of rainfall 
can be seen from the results due to climate and 
decrease/increase in terrestrial vegetation cover across 
the stations. Although increase in rainfall is a blessing to 
agriculture, it can become a disaster in form of flood, so it 
is recommended that flood preventive measures should 
be adopted in the flood prone areas to curb or at least 
curtail the damages caused by flood events at both 
Government and Stakeholder level. In the case of 
droughts, farmers should adopt indigenous farming 
practices that encourage proper management of water 
resources in irrigation sites across the region. 
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