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Abstract  
Rainfall varia
on is a major impact of climate change. Understanding its pa�erns and 

trends is essen
al for developing effec
ve adapta
on measures to minimize its impacts on 

flooding. This study was carried out is to access the varia
ons in rainfall in Benin City, 

Nigeria and its implica
ons on flooding. The rainfall and temperature data obtained from 

the Nigeria meteorological agency were analysed using a trend analysis. The temperature 

in the study area showed an increasing trend but fluctuated across the years with 1991 as 

the least with 26.8°C, and 2015 as the highest with 28.5°C. The rainfall in the study area 

showed a seemingly overall horizontally steady trend. It revealed a fluctua
ng pa�ern with 

a sharp and massive decline in 2015 making it the year with the least amount of rainfall 

(1159.5mm)). It showed an abrupt ascension in 2016 and further increased in 2017. 2019 

and 2021 tend to have the highest amount of rainfall of 3107.2mm and 3085.2mm 

respec
vely. The evalua
on of the rainfall varia
on showed 17 years of excess rainfall and 

15 years deficit rela
ve to the mean (2284.5mm). The pa�ern of rainfall observed in the 

study area could be a�ributed to climate variability/change. According to the slope map of 

the study area obtained using techniques of Geographic Informa
on System, the southern 

area which have a lower slope value of 0 – 89,170 is more vulnerable to flooding. It can be 

deduced from the result that Benin city located in the southern part of Edo state in rela
on 

to other part of the state is more vulnerable to flooding. As such effort should be made to 

mi
gate climate change and flood disaster. 
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Introduction  

In today’s world, climate is changing 

faster and is the greatest environmental 

problem in the world. The twentieth 

century and the beginning of the twenty 

first century has been the warmest period 

in the entire global temperature record  

(NOAA, 2007). With this, climate change 

can be termed as the biggest 

environmental issue of our time. 

According to the United Nations 

Framework Convention on Climate 

Change (UNFCCC), climate change refers 

to a change of climate that is attributed 

directly or indirectly to human activity 

that alters the composition of the global 
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atmosphere and that is in addition to 

natural climate variability observed over 

comparable time. Climate 

change/variability has impact on rainfall. 

Rainfall is a weather parameter that 

refers to the precipitation that falls from 

the atmosphere onto the Earth’s surface in 

a given time, usually measured in 

millimetres or inches. It is an important 

aspect of the Earth’s hydrological cycle 

and has a significant impact on water 

resources, agriculture, and ecosystem. 

Changes in rainfall pattern, amount and 

distribution have significant impacts on 

the environment and the human society. 

For instance, changes in rainfall can affect 

crop yields, alter the distribution of plant 

and animal species and lead to floods or 

droughts that can damage infrastructure 

and affect water supplies (IPCC, 2021). 

Variation in rainfall refers to the 

natural fluctuations and changes in the 

amount and distribution of precipitation 

that occurs over different timescales and 

in different regions. Rainfall variation is 

influenced by a range of factors, including 

climate variability, atmospheric 

circulation patterns and geographic 

features such as topography and proximity 

to oceans or other bodies of water. In 

recent times, there has been increasing 

concerns about changes in rainfall patterns 

due to climate change. IPCC has reported 

that the frequency and intensity of heavy 

precipitation events have increased in 

many regions, particularly in tropical 

regions and high latitudes (IPCC, 2021). 

At the same time some regions are 

experiencing more frequent and severe 

droughts due to changes in atmospheric 

circulation and precipitation patterns. 

Rainfall variation can have a significant 

impact on many aspects of our 

environment, from natural ecosystems to 

human society. For example, changes in 

rainfall patterns can affect agricultural 

productivity, water availability, and the 

occurrences of natural disasters such as 

floods and droughts. Zhang et al. (2021) 

found that in China, changes in rainfall 

patterns have led to significant declines in 

crop yields and have caused serious water 

shortages in some regions. Another study 

by Seneviratne et al. (2018) found that 

changes in rainfall patterns are one of the 

key drivers of increased flood risk in many 

regions around the world.  

Like many other regions in West 

Africa, rainfall in Benin City exhibits 

significant variations both spatially and 

temporally. Several studies have 

examined the variation in rainfall patterns 

in Edo state and the broader West African 

region. For example, Oyebanji and 

Adejuwon (2019) analyzed the long-term 

trend of rainfall in Edo state from 1961 to 

2015 and found that the rainfall exhibited 

high inter annual and decadal variability. 

They also observed a slight increasing 

trend in rainfall during the period 2006 to 

2015, which was attributed to the 

increased moisture flux from the Atlantic 

Ocean. 

Another study by Lawal and Ibrahim 

(2014) examined the spatial variability of 

rainfall in Edo state using data from 15 

meteorological stations. The study found 

that the rainfall distribution in the state is 

highly variable, with some regions 

experiencing high rainfall intensity while 

others experience low rainfall. The study 

also observed that the rainfall in Edo state 

exhibits a bimodal pattern, with two 

distinct peaks in rainfall intensity 

occurring in June and September. Rainfall 

could bring about flooding in an area. 

Flooding is a recurrent phenomenon in 

Benin City, Edo State, Nigeria, especially 
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during the rainy season. The frequency 

and intensity of flooding in the city are 

influenced by several factors, including 

the volume and intensity of rainfall, the 

topography of the city, inadequate 

drainage systems, and anthropogenic 

activities.  The amount and pattern of 

rainfall in the city are critical factors that 

influence the occurrence of flooding. In 

recent years, there have been significant 

variations in the rainfall pattern in Benin 

City, which have contributed to the 

frequency and severity of flooding in the 

city (Obaseki, 2019). The 2021 rainy 

season in Benin City has also been marked 

by several flooding incidents, with areas 

such as Upper Sokponba, Oba Market, and 

Ologbosere among the worst affected. In 

July 2021, the National Emergency 

Management Agency (NEMA) reported 

that over 5,000 houses were affected by 

flooding in the state, with at least three 

deaths. The flooding was attributed to the 

high volume of rainfall and poor drainage 

systems. Therefore, the occurrence of 

flooding in Benin City is significantly 

influenced by variations in rainfall, as 

observed in the flooding incidents of 

2019, 2020, and 2021. this study was done 

to access the variations in rainfall in Benin 

City, Nigeria and its implications on flood 

occurrences.  

Study Area 

Benin City as shown in figure 1 below 

serves as the principal administrative and 

socioeconomic centre for Edo State, 

Nigeria. Benin City is a humid, tropical, 

urban settlement, which is about 1125km2 

and situated on flat land, about 8.5km 

above sea level. It is located between 

latitude 6°44ʹ N and 6°21ʹ N and longitude 

5°35ʹ E and 5°44ʹ E (Obaseki et al.,2018). 

It has a hot and humid climate. The rainy 

season is from April to October while the 

dry season is from November to March. 

Temperature in Benin City is high with an 

average daily temperature of about 28°C 

in the dry season and about 24°C in the 

wet season. The study area has a low 

temperature range. Benin City and its 

environs experience intense rainfall 

especially in the rainy or wet season. Rain 

falls almost all year round, with an annual 

total of 2000–2300mm, and monthly 

average of about 180mm. This intense 

rainfall is induced by excessive 

evapotranspiration in the urban area due to 

prevalence of high temperature (Obaseki 

et al., 2018). 
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Fig. 1: Map of the study area 

 

Methodology 

Source of Data 

Data on climatic variables (temperature 

and rainfall) were collected from the 

archives of the Nigeria Meteorological 

Agency, Benin City, Edo State.  The 

rainfall and temperature data collected 

was for 32 years from 1991- 2022.  

Technique of Geographic Information 

System (GIS) was also applied to 

determine flood vulnerability. 

This study adopted multi-criteria 

analysis as utilized by Osman and Das 

(2023) as depicted in Figure 2. The flood 

risk analysis was analyzed using several 

criteria which includes Land Use Land 

Cover, distance to road/river, slope, 

elevation, drainage density and soil 

texture. 
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Fig. 2: Workflow 

 

Flood Risk Mapping 

All data are secondary and were pre-

processed using ArcGIS 10.8. Firstly, all 

raster data for each criterion were 

classified into four groups (High, 

Moderate, Low and Very low) which were 

later reclassified assigning number 1-4 

from very low to high. To perform MCI, 

the weighted sum was utilized. Weighting 

strategies play a pivotal role in assessing 

the significance of individual factors 

concerning one another. By employing 

weighted sum techniques, each factor's 

relative importance is ranked, with higher 

weights signifying greater importance 

compared to other factors. The 

culmination of this process is the 

development of a comprehensive flood 

hazard map. To elaborate, weighting 

strategies allow decision-makers to assign 

numerical values to different factors that 

contribute to a particular outcome or 

analysis.  

Flood probability = 0.348 *  

Slope + 0.202 *  Rainfall + 0.027 *  

Methods of Data Collection 

The researcher visited the Nigeria 

Meteorological Agency Benin City in the 
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year 2023 for collection of meteorological 

data (temperature and rainfall). The data 

collected were on monthly basis for a 

period of 32 years from 1991 - 2022. 

These data were computed to get the sum 

and the mean for each of the years under 

study.  

Method of Data Analysis 

The rainfall and temperature data 

obtained from the Nigeria meteorological 

agency were analysed using a trend 

analysis. Rainfall variability was 

determined using equation 1 below 

Eave (p) = Ri- Pm……………… 1 

Where 

Eave(p) = variation from the average 

rainfall 

Ri =  rainfall in a given year in mm; 

Pm =  average rainfall recorded in the 

study period 

 

Results 

Trend of Temperature in The Study Area 

The temperature in the study area 

showed an increasing trend as shown in 

figure 3 below. Although, the temperature 

showed an overall increasing trend but 

fluctuates across the years with 1991 as 

the least with 26.8°C, and 2015 to be the 

highest with 28.5°C. This rise in 

temperature is attributed to global 

warming and changing climate in the 

study area. 

 
 

Fig. 3: Temperature Trend in the Study Area 

 

Trend of Rainfall in the Study Area 

The rainfall in the study area showed a 

seemingly overall horizontally steady 

trend as shown in figure 4 below. That is, 

the rainfall within the period studied did 

not show an increasing or decreasing 

trend. However, it revealed a fluctuating 

pattern with a sharp and massive decline 

in 2015 making it the year with the least 

amount of rainfall (1159.5mm)). It 

showed an abrupt ascension in 2016 and 

further increased in 2017. The years 2019 

and 2021 tend to have the highest amount 

of rainfall of 3107.2mm and 3085.2mm 

respectively. The result also depicted that 

most of the rainfall are between 2000mm 

and 3000mm and increased in amount in 

recent years. This pattern of rainfall 

observed in the study area may be 

attributed to climate variability. The high 

amount of rainfall could cause flooding in 

the study area.
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Fig. 4: Rainfall trend in the study area 

 

Rainfall Variation Within the Study 

Period in the Study Area 

Variation from the average rainfall 

reveals the difference in the rainfall of a 

given year and the rainfall series of the 

study period. The evaluation of the rainfall 

variation done using equation1 above, 

showed 17 years of excess rainfall and 15 

years deficit relative to the mean 

(2284.5mm) as shown in fig 5 below. 
 

 
 

Fig. 5. Rainfall variability in the study area   

 

 

 

 
 

Flood Vulnerability of Benin City in 

Relation to Other Parts of Edo State  

 Slope Factor 

According to the slope map of the study 

area as shown in figure 4 below, regions 

with higher slope values such as the 

Northern areas of the State with the value 

of 493,500 – 1,516,000 will have a lesser 

case of flooding as opposed to the 

southern area which have a lower slope 
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value of 0 – 89,170. These therefore make 

the southern part of Edo State in which the 

study area is located to be vulnerable to 

flooding. It can be deduced from the result 

that the study area in relation to other part 

of the state is vulnerable to flooding.  

 
 

Fig. 6: Slope map of Edo State 

 

Rainfall  

The southern region of Edo State as 

shown in fig, 5 below has a high level of 

rainfall (2,262.61- 2,838.8mm), in 

contrast to areas in the northern part with 

very low to low level of rainfall. This 

could increase the vulnerability of 

flooding in the southern part of which the 

study area is located. It can therefore be 

deduced from the result that the study area 

in relation to other part of the state is 

vulnerable to flooding. 
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Fig. 5: Rainfall Distribution Map of Edo State. 

 

Discussion 

This study showed a clear indication of 

warming which aligns with the findings of 

Atedhor et al. (2011) in Benin City. The 

mean temperature in this study is 27.7°C 

which is higher than 26.5 and 27.3°C 

reported by Atedhor et al. (2011) for the 

period between 1941 to 1975 and 1976 to 

2009 respectively. The rise in the mean 

temperature is also an indication of 

changing climate in the study area. This 

warming trend agrees with Odjugo (2009, 

2010). Likewise, Odiana and Ibrahim 

(2015) in their study in Bauchi metropolis 

showed an increasing trend in 

temperature. This rise in temperature 

could enhance evapotranspiration which 

is necessary for cloud formation and 

consequently rainfall. Therefore, the rise 

in temperature could increase the 
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frequency and amount of rainfall thereby 

increasing the susceptibility of the study 

area to flooding. 

The steady trend of neither decreasing 

nor increasing rainfall pattern observed in 

this study is in line with the work of 

Edokpa (2020) who detected no 

significant increasing or decreasing trend 

in South South region of Nigeria in which 

this study area belongs to. This is however 

contrary to the findings of Odiana and 

Ibrahim (2015) in Bauchi, that showed an 

increasing trend of rainfall. The findings 

of Akinsanola and Ogunjobi (2014) 

showed the decadal trend of rainfall over 

Nigeria. It observed that rainfall was on 

the increase in almost all parts of Nigeria 

with exception in Bida and Minna with 

decreasing trends in rainfall. Cities like 

Yola, Jos, Kaduna, Enugu and Benin were 

having normal rainfall which supports the 

findings of this study. Since rainfall in this 

study is not decreasing it therefore means 

that the study area could be susceptible to 

flooding considering its location in the 

humid tropical rainforest region which 

receives a high amount of rainfall. The 

amount of rainfall received in the study 

area as shown by this study corresponds to 

the nature of its geographical location. 

This situation predisposes the study area 

to flooding.   

The evaluation of the rainfall variation 

showed 17 years of excess rainfall and 15 

years deficit in relation to the mean 

rainfall of 2284.5mm. This is in contrast 

with the findings of Mbog et al. (2020) 

which revealed more years with deficit 

rainfall relative to the mean. This study 

indicated that although the trend of rainfall 

in Benin city was steady, the region has 

experienced more years of rainfall above 

the mean (2284.5mm). This indicates that 

there has been a variation in rainfall 

pattern in the study area which could be 

attributed to changing climate. The more 

years with rainfall above the mean infer 

potentials for soil erosion as well as 

flooding in the study area. Rainfall is one 

major factor that causes a place to be 

vulnerable to flooding. Studies by 

Giuseppe et al. (2019) In Benin City 

revealed that heavy rainfall was the 

highest cause of flooding. Also, Odiana et 

al. (2022) revealed that rainfall is a major 

cause of flooding in the study area. It is 

worthy to note that flood is a major 

disaster in Benin City as is predominantly 

caused by rainfall. Odiana et al. (2023) 

asserted that there is poor coping capacity 

and preparedness to flood disaster in the 

study area. 

According to the slope map of the Edo 

State, regions with higher slope values 

such as the Northern areas of the State 

have a lesser case of flooding as opposed 

to the southern area which has a lower 

slope value. This therefore makes the 

southern part of Edo State in which the 

study area is located to be vulnerable to 

flooding. Therefore, it can be deduced 

from the result that the study area in 

relation to other part of the state is 

vulnerable to flooding. Yariyan et al. 

(2020) in their study considered slopes as 

an important factor to flood vulnerability. 

Basically, the speed of surface water flow 

is governed by the slope of the terrain. The 

volume of water covering the land 

increases along with the likelihood of a 

flood as the slope falls. Lowlands or 

flatlands with mild slopes have a higher 

likelihood of flood inundation, but 

mountainous locations typically have 

steeper slopes that hinder the gathering of 

water (Wang et al., 2015). Higher slope 

values indicated steeper topography that is 

less susceptible to flooding, whereas 
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lower slope values indicated flatter 

topography that is more sensitive to 

flooding. Therefore, the study area which 

belongs to the southern part of Edo state 

with lower slope values indicating flatter 

topography could more likely experience 

flooding with regards to the slope factor. 

 

Conclusion and Recommendation 

This study evaluated rainfall variation 

and its implication on flood occurrences in 

Benin City using climate data from 1991 

to 2022. The results showed that the study 

area has a rising temperature trend with 

neither increase nor decrease rainfall 

trend. In terms of rainfall variability, there 

are more years with excess rainfall than 

years with deficit rainfall relative to the 

mean (2284.5). The study also showed 

that the study area is likely to experience 

flooding because of its location in the 

southern part of Edo state which is likely 

to be prone to flooding with respect to 

slope and rainfall factors. Therefore, there 

should be an increased public awareness 

on climate change and its likely impact on 

flooding.  

 

References 

Edokpa, D.A. (2020) Variability in the 

long-term trends of rainfall and 

temperature over southern Nigeria. 

Journal of Geography Meteorology 

and Environment, 3(1): 1541-1557. 

Giuseppe, C., Iyalomhe, F., Adekola, P. 

(2019). Determinants of Flooding 

and Strategies for Mitigation: Two-

Year Case Study of Benin City. 

Geosciences, 9(3): 136-145.  

IPCC. (2021). Climate Change 2021: The 

Physical Science Basis. 

Contribution of Working Group I to 

the Sixth Assessment Report. 

Mbog Mbog, S., Bot, B.V., Sosso, O.T., 

Nsobih, L. and Bitondo, D. (2020). 

Assessment of Rainfall Variations 

in South Region, Cameroon. 

American Journal of Climate 

Change, 9: 410-422. 

National Oceanic and Atmospheric 

Administration - NOAA (2007). 

Climate Change. Available online 

at: http:// 

www.nws.noaa.gov.Accessed 22nd 

June 2023  

Obaseki, J.B., Ehigiator, I.K. and 

Ikhuoria, E.U. (2018). Climate and 

Vegetation in the Natural and 

Anthropogenic History of Benin 

City. Palgrave Macmillan, 

Singapore. 23-33pp 

Odiana, S. and Ibrahim, A. (2015). An 

assessment of the evidence of 

climate change in Bauchi, Nigeria. 

Journal of Applied Science and 

Environmental Management, 19(3): 

375 - 381. 

Odiana, S., Mbee, D.M. and 

Akpoghomeh, O.S. (2023) Flood 

Disaster Preparedness and Capacity 

Assessment Among Crop Farmers 

in Edo State, Nigeria.  Jordan 

Journal of Earth and Environmental 

Sciences, 14(2): 83-90. 

Odiana, S., Mbee, D.M. and 

Akpoghomeh, O. S. (2022). 

Evaluation of the perception and 

effects of flood disaster on crop 

farmers in Edo state. FUW Trends in 

Science and Technology Journal, 

7(1): 797-803. 

Odjugo, P.A.O. (2009). Quantifying the 

Cost of Climate Change Impact in 

Nigeria: Emphasis on Wind and 

Rainstorms. Journal of Human 

Ecology, 28(2): 93- 101. 

Ethiopian Journal of Environmental Studies and Management Volume 16 No.6, 2023 



785  

 Odjugo, P.A.O. (2010). Regional 

Evidence of Climate Change in 

Nigeria. Journal of Geography and 

Regional Planning, 3(6): 142-150. 

Seneviratne, S., Rogelj, J., Wartenburger, 

R., Allen, M.R. and Cain, M. 

(2018). The Many Possible 

Climates from the Paris 

Agreement’s Aim of 1.5°C 

Warming. Journal of Nature, 

558(7708): 41–49. 

Zhang, Y., Zhonghai, J., Monika, S. 

(2021). The top of atmosphere, 

surface and atmospheric cloud 

radiative kernels based on ISCCPH 

Datasets: method and evaluation. 

Journal of Geophysical Research: 

Atmospheres, 126(24): 302-326. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variations in Rainfall in Benin City Nigeria and Its Implication.…………Odiano & Idahosa-Ohio 


