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Abstract  

Effective water resources management is dependent on the understanding of climate change and variability. This 

study adopts the Standardized Precipitation Index (SPI) for assessing the changing precipitation patterns in 

Lagos Metropolis using historical data, with the aim of identifying how these changing patterns affect water 

resources. The study reveals that monthly rainfall has a decreasing trend from 1957 to 2016 and fluctuated 

seasonally between the two climatic periods of 1957 to 1986 and 1987 to 2016.Based on 12-month Standardized 

Precipitation Index (SPI-12), only severely wet and near normal conditions increased in the second climatic 

period, while other SPI classes such as extremely wet, moderately wet, extremely dry, severely dry, and near-

normal decreased between 1987 and 2016, compared to the first climatic period. The alterations of monthly 

rainfall were an indication of changing climate which can affect groundwater, streamflow, and reservoirs in 

Lagos Metropolis. These results would be useful in proper decision-making for water resources management in 

the study area. 
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INTRODUCTION 

Climate change is responsible for the inter-annual 

variability in the availability of water resources 

which has been reported to affect socioeconomic and 

environmental systems (Djaman et al., 2016).UNFCC 

defines climate change as a shift in climate that can 

be traced back to human activity through altering the 

global atmosphere's composition (UNFCC, 

2013).The Fifth Assessment Report (AR5) of the 

Intergovernmental Panel on Climate Change (IPCC) 

posits that the average global surface temperature has 

increased by 0.85 degrees Celsius between 1880 and 

2012,whichis attributable to an increase in human 

greenhouse gas concentrations (IPCC, 2013).In 

addition, the increase in global surface temperature 

has further been attributed to the risk of drought and a 

rise in storm severity, such as cyclones with greater 

wind speeds, as a result of greenhouse gas emissions 

(66 percent plus confidence) throughout the 1951-

2010 period (IPCC, 2013). 

 

Water is a strategic resource for socio-economic 

development and environmental protection, but water 

scarcity, water quality, floods, and droughts are 

current challenges that could get worse due to climate 

change. According to IPCC (2007), changes in 

precipitation and temperature lead to changes in 

water resources, thus affecting all sectors involved. 

Climate change may exacerbate water stress in 

various parts of the world, reducing runoff (mainly 

invarious parts of Europe, Central and Southern 

America, the Mediterranean area, and Southern 

Africa) (Singh et al., 2014). Climate change has also 

been predicted to boost runoff in other water-stressed 

areas, notably in South and East Asia, albeit these 

surges may not be very useful because they tend to 

occur during the rainy season, and the additional 

water may not be accessible during the dry season 

when it is most needed (Arnell, 2004). According to 

the European Environment Agency (2010), the 

Mediterranean basin has seen decreased precipitation 

and increased temperature in recent decades, a trend 

that is expected to worsen, and there is a need to 

assess uncertainty in climate change assessments due 

to incomplete knowledge of, and insufficient data to 

identify, past trends. 

 

Water resources are vulnerable to changes in climate 

patterns, which impact water resources (Singh et al., 

2014).For instance, according to Ahmed et al. (2022), 

the average annual runoff in the Upstream Area of the 

Yangtze River, China has increased by 15 mm, with 

climate change accounting for about 98 percent of the 

rise. Increases in annual precipitation of more than 

+150 mm/yr or increases in winter precipitation of 

more than +25 mm will lead to considerably 

increased recharging of groundwater in southern 

Quebec, Canada, according to Dubois et al. (2022) 

who used a water budget model. If the precipitation 

changes are less than these criteria, GWR is likely to 

decline in southern Quebec (Dubois et al., 

2022).Climate change has been reported to impact the 

frequency and severity of precipitation-induced flood 

events. For instance, in a recent study, Dalagnol et al 

(2021) asserted that climate change has increased the 

likelihood of this catastrophe by more than 70% in 
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the Brazilian Minas Gerais state. While Kron and 

Berz (2007) established that on a worldwide scale, 

the number of major inland flood disasters has been 

twice as high in the recent decade (between 1996 and 

2005) as it was between 1950 and 1980, with 

economic damages increasing by a factor of five. 

Apart from runoff and flooding, drought has also 

been identified to be affected by climate change. For 

instance, using the standardized precipitation index 

(SPI), Onuşluel et al. (2022) found that in terms of 

drought severity magnitudes, drought durations, and 

yearly recurrence dates, Turkey's western and 

southern river basin systems appeared to have 

behaved considerably different between the two 

climatic eras. In the context of water resources, 

climate change has been reported to affect snowmelt 

and glacier melt, water quality, and groundwater 

(Singh et al., 2014). 

 

Although the World Meteorological Organization 

(2012) advocates the use of the Standardized 

Precipitation Index (SPI) to monitor drought 

occurrences, several researchers (Kumari et al., 2018; 

Cao et al., 2021) have also praised the use of SPI for 

flood-related investigations. This is because negative 

SPI values imply a rainfall deficiency, whereas 

positive SPI values represent a rainfall surplus, 

resulting in floods (Wu, 2013). 

 

SPI has previously been widely utilized to assess 

drought and flooding situations in various nations and 

locations because of its consistency and ease of 

usage. Based on the purpose of the investigation, 

multiple time scales (1, 3, 6, and 12 months) of SPI 

have been proposed. One-month SPI indicates a 

short-period deficit of rainfall which affect the 

ecology, air temperature, and public health (Shahid, 

2010). Three- and six-month SPIs are used to assess 

agricultural drought (Alamgir et al., 2019), while 

nine- and twelve-month SPIs are responsible for 

declination of river flow and groundwater level or 

hydrological droughts. 

 

This study adopts the 12-month SPI for assessing the 

changing precipitation patterns in Lagos Metropolis 

using historical data spanning two climatic periods, 

with the aim of identifying how these changing 

patterns affect water resources.  

 

DESCRIPTION OF THE STUDY AREA 

Lagos state is located between latitudes 6° 23′ and 6° 

57′ N and longitudes 2°42′ E and 3° 42′ E, whereas 

the metropolis is located between latitudes 6° 34′ and 

6o 41′ N and longitudes 3° 19′ and 3o 32′ E of the 

Greenwich Meridian. It runs around 180 kilometers 

from Cotonou, Benin's capital, to the state's northern 

and eastern boundaries, as well as the Atlantic 

Ocean/Gulf of Guinea in the south. The Lagos 

metropolitan region lies in southern Nigeria, near the 

state capital of Lagos. It is Nigeria's largest 

metropolitan district and the country's commercial 

nerve center, demonstrating the country's growing 

urbanization (Akanni, 2010). 

 

The whole area is located within southern Nigeria's 

coastal lowlands, which are normally less than 100 

meters above sea level and have an average gradient 

of less than one million to one million. The Atlantic 

Ocean drains the entire region to the south. The 

climate is tropical continental, with year-round 

rainfall and double maximum temperatures. Despite 

the bad weather, rainfall is rising in quantity, 

intensity, distribution, and duration. The number of 

run-offs and the area covered is growing. Saltwater 

mangrove swamp forest is the native vegetation. 

Concrete surfaces, buildings and roofs, transportation 

land usage, and, at best, decorative flora have all 

taken their place (Oloke et al., 2013). 
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METHODOLOGY 

Rainfall data were obtained from the Nigeria 

Meteorological Agency (NIMET) station in Lagos 

and were used for the study. The time series of 

meteorological data covers60 calendar years, 

encompassing two climate periods between 1957 

to1986 and 1987 to 2016.The obtained rainfall data 

was used to compute the Standardized Precipitation 

Index (SPI).The SPI was developed by Mckee et al. 

(1993) to quantify precipitation anomaly with respect 

to long-term normal conditions for multiple time 

scales (Paulo et al., 2003). The most commonly used 

distribution for SPI calculation is the two-parameter 

gamma distribution with a shape and scale parameter, 

which is defined by its probability density function: 

                    (1) 

for x > 0       

where α is the shape parameter, β is the scale 

parameter, x is the precipitation value and  is the 

gamma function. The gamma distribution is 

undefined for x = 0, but the precipitation may have 

zero value, so the cumulative probability distribution 

given a zero value is derived as follows: 

H(x) = q + (1-q) G(x)  (2) 

 

where q is the probability of the zero-precipitation 

value. The cumulative probability distribution is then 

transformed into the standard normal distribution to 

calculate SPI. The value of SPI indicates the strength 

of the anomaly. Mckee et al. (1993) suggested a 

classification system that defines the intensity of 

dry/wet phases (Table 1). For this study, the 12-

month (SPI_12) time scale was used because of its 

suitability for water resources investigations.   

 

 

 

 

Table 1 Dryness/wetness categories according to SPI 

values 

Category SPI values 

Extremely wet ≥ 2.0 

Severely wet 1.50 to 1.99 

Moderate wet 1.00 to 1.49  

Near normal 0.99 to -0.99 

Moderately dry  -1.00 to -1.49 

Severely dry -1.50 to -1.99 

Extremely dry ≤ -2.0 

The statistical analysis for the study was performed 

with an R programming language.  

 

RESULTS  

Descriptive Statistics of Monthly Rainfall Data 

The descriptive statistical summary of monthly 

rainfall in the two climatic periods (1957 to 1986 and 

1987 to 2016) is shown in table 1. It could be 

observed in the table that the minimum monthly 

rainfall for both climatic periodswas0 mm; the 

monthly rainfall distribution was slightly reduced in 

the second climatic period compared tothe first 

climatic period in terms of descriptive statistics. For 

instance, the mean monthly rainfall which was 

146.19mmin the first period decreased to 145.51 mm 

in the second period of consideration. The maximum 

monthly rainfall decreased from926.60 mm to 753.50 

mm, while the standard deviation of 152.99 mm, in 

the first climate period, was also reduced to 141.22 

mm in the second period. Similarly, the skewness and 

kurtosis values decreased in the second climatic 

period compared to the first. As shown in Table 2, 

monthly rainfalls in both climate periods were 

positively skewed, and a Kurtosis value of less than 3 

shows that compared to the first climatic period, 

monthly rainfall had a negative Kurtosis in the 

second climatic period. This implies that monthly 

rainfall varied in the study area for the two climatic 

periods under consideration.        

 

Table 2: Statistical Description of Rainfall for two Climatic Periods  

Class 

Mini

mum Maximum Mean 

Std. 

Deviation 

Skewness Kurtosis 

Value 

Std. 

Error Value Std. Error 

1st (1957-

1986) 

0.00 926.60 146.19 152.99 1.70 0.13 3.53 0.26 

                

2nd (1987 - 

2016) 

0.00 753.50 145.51 141.22 1.32 0.13 1.66 0.26 

                

 

The slight decrease in monthly rainfall is further 

assessed in form of a trend line in figure 2, which 

shows that rainfall decreased from the beginning to 

the end of the study period. The comparison of the 

seasonal distribution of rainfalls in the climatic 

periods was further assessed with boxplots as shown 

in figure 3. The boxplot depicts that although rainfall 

had double modal characteristics in both climatic 

periods, there is a clear distinction between the 

monthly distributions of rainfall in the two periods. 

For instance, compared to the first climate period, 

median rainfall in the months of January, June, and 

October, decreased in the second climatic period, 

while median rainfall increased in other months. This 

implies that while natural water input to the study 

area decreased in the second climate period, there are 

indications of seasonal fluctuations resulting from 

climate change and variability. 
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Figure 2: Trend of variation of Monthly Rainfall between 1957 and 2016 

 
Figure 3: Boxplot of Monthly Rainfall Distributions in the two Climatic Periods  

 

Dimensions of Dry-Wet Conditions in Lagos 

Metropolis  

Figure 4 shows the variability of the computed 12-

month SPI of the study area, it could be observed that 

extreme wet conditions were experienced in 1968 

and1969, severely wet conditions were experienced 

in 1964, 1969, 1980, 1988, 1996, 1997, and 2005, 

while moderately wet conditions were experienced in 

1958, 1962, 1963, 1964, 1965, 1966, 1968, 1970, 

1971, 1974, 1976, 1979, 1980, 1987, 1988, 1989, 

1990, 1991, 1995, 1996, 1997, 1999, 2003, 2004, 

2005, 2012, 2014, and 2015. Furthermore,  

 

 

moderately dry conditions were experienced in 1958, 

1959, 1972, 1973, 1977, 1978, 1982, 1984, 1985, 

1986, 1992, 1998, 1999, 2000, 2002, 2006, 2007, 

2009, and 2016; severely dry conditions were 

experienced in 1958, 1959, 1973, 1982, 1983, 1984, 

1985, 1986, 2001, 2002, and 2016, while extreme dry 

conditions were experienced in 1982, 1983, 2002 and 

2016.  
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Figure 4: SPIPlot for 12-month Time Scale 

 

Table 3 shows the frequency of occurrence of the SPI 

category during the study periods. The table shows 

that in the first climatic period (1957- 1986) a near-

normal meteorological condition was experienced in 

the majority (65.0%) of the months, followed by 

moderately wet conditions (13.8%), moderately dry 

conditions (9.5%), severely dry conditions (4.6%), 

extremely wet conditions (3.4%), extremely dry 

conditions (2.9%), and severely wet conditions 

(0.9%) were experienced in Lagos Metropolis. On the 

other hand, in the second climatic period (1987-2016) 

a near-normal meteorological condition was also 

experienced in the majority (65.0%) of the months, 

followed by moderately wet conditions (13.8%), 

moderately dry conditions (9.5%), severely wet 

conditions (4.6%), severely wet conditions (3.4%), 

extremely dry conditions (2.9%), and extremely wet 

conditions (0.9%). The percentage difference in the 

meteorological conditions between the two periods of 

consideration is represented in figure 5. The figure 

shows that compared to the first climatic period, the 

percentage of occurrence decreased in all SPI-12 

except severely wet and near-normal, which could 

have been because of climate change and variability 

in the study area. This indicates that the dynamics of 

wet and dry conditions in the second climate period 

fluctuated from the first with consequential impacts 

on water resource systems in the study area.   

 

 

Table 3: Frequency of Standardized Precipitation Index(SPI) Class in the study period (1957 -2016) 

Category SPI values 

1st Climatic  

Period 

2nd Climatic  

Period 

% Occurrence 

(1st Climatic 

Period) 

% 

Occurrence 

(2ndClimat

ic Period) 

Extremely wet > 2.0 12 0 3.4 0.0 

Severely wet 1.50 to 1.99 3 15 0.9 4.2 

Moderate wet 1.00 to 1.49 48 36 13.8 10.0 

Near normal 0.99 to -0.99 227 267 65.0 74.2 

Moderately dry  -1.00 to -1.49 33 26 9.5 7.2 

Severely dry -1.50 to -1.99 16 10 4.6 2.8 

Extremely dry < -2.0 10 6 2.9 1.7 
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Figure 5: Percentage difference in Metrological Conditions between the first and second climatic periods  

 

DISCUSSION 

Global water resources are important to society and 

entire ecosystems. Humans depend on reliable water 

resources for energy production, agriculture, 

recreation, clean supply of drinking water, 

navigation, and even manufacturing processes. 

Climate change due to anthropogenic activities now 

pose more threat to water resources globally. As a 

result, there is a need to continuously assess historical 

records to understand the extent of departure of 

climate variables from normal due to climate change 

and variability. This study evaluates the dynamics of 

SPI-12 over two climatic periods and their 

implications on water resources.  

 

Through descriptive statistics, the study revealed that 

generally, monthly rainfall distribution decreased in 

the second climatic period compared to the first. 

Furthermore, a decreasing trend in the monthly 

rainfall records for the whole period revealed. These 

results are in agreement with Odjugo (2005) and 

Adejuwon (2011) who reported decreasing trends in 

rainfall in some areas in Nigeria. In contrast, the 

slight increase in severely wet and near-normal 

conditions in the second climate period corroborates 

some closely related studies such as Akinsanola 

andOgunjobi (2014), and Eruola et al. (2021) that 

have reported increasing rainfall patterns in some 

parts of Nigeria. While most research relied on 

rainfall records of about thirty years that do not 

account for two more than one climate period, the 

lack of consistency in rainfall trends in various 

closely related studies over different temporal and 

spatial scales indicate climate variability and change 

in Nigeria.   

 

This study further revealed that based on the 12-

month SPI, there are indications of fluctuations in the 

wet and dry conditions between two climatic periods. 

For instance, it was revealed that compared to the 

first climatic period, there was a percentage decrease 

in all SPI-12 classes except severely wet and near-

normal. Extremely and moderately wet conditions 

respectively had a percentage decrease of 3.44 and  

 

3.75 in the second climate period compared to the 

first, while severely wet conditions had a percentage 

increase of 3.31.In addition, moderately dry, severely 

dry, and extremely dry conditions respectively 

reduced by a magnitude of 2.23, 1.81, and 1.20, while 

the near-normal condition had a 9.12% increase in 

the second climate period compared to the first. The 

fluctuations in wet and dry conditions are expected to 

influence the quality and quantity of surface and 

groundwater of the study area as well as the planning 

and management of water resources systems.  

 

The impacts of climate change and variability on 

water resources have been established by various 

researchers from developed nations. However, 

developing nations, where hydro metrological data 

are not adequately available are expected to be hit the 

most. For instance, in Nigeria where 60% of its 

population relies solely on groundwater and utilizes 

groundwater for domestic uses (Omole, 2013), 

climate change is likely to increase water demand and 

at the same time shrink water supplies. This departure 

from normal would challenge water managers to 

simultaneously meet the demands of local 

communities, sensitive ecosystems, manufacturers, 

ranchers, energy producers, and farmers. 

 

The study reveals that there was an increase in the 

near-normal and severely wet SPI classes in the 

second climate period compared to the first. The 

increase in the severely wet conditions implies 

increase in the water quantity in the second climatic 

period, which could have contributed to some of the 

flooding events that occurred between 1987 and 

2016.Similarly,Akinsanola and Ogunjobi (2014) and 

Eruola et al. (2021) have reported indications of 

increasing moisture contents and extremes rains in 

locations close to the coastal areas of Nigeria.   

 

According to Wu et al. (2015), the demand for 

groundwater is rapidly increasing with population 

growth, while climate change is imposing additional 

stress on water resources. This also raises the 

probability of severe drought occurrence (Dai, 2012; 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 13(5):181-188 (ISSN: 2141-7016)  

  187 

 

Trenberth, et al., 2013, Marvel et al., 2019). Although 

dry conditions of the 12-month SPI were found to 

slightly decrease in the second climatic period 

compared to the first, it is important to continuously 

monitor how groundwater responds to long-term 

precipitation anomalies through the application of 

SPI-12. Therefore, examining the response of 

groundwater storage (GWS) to climate change and 

variability is crucial in future studies, especially 

based on records that extend beyond those used in the 

present study. Apart from groundwater, streamflow, 

and reservoir storage respond to long-term 

precipitation anomalies, which can be reflected by 

SPI-12. For instance, the presently study reveals that 

extremely and severely dry conditions occurred in 

2016.This could have significant effect on water 

quantity and quality leading to alteration of 

ecosystems in the study area. 

 

CONCLUSION  

Effective water resources management is dependent 

on the understanding of climate change and 

variability. Using long historical records, this study 

examines the impact of climate change on water 

resources in Lagos Metropolis. The facts that 

emerged from the study are that monthly rainfall has 

a decreasing trend from 1957 to 2016, monthly 

rainfall fluctuated seasonally between the two 

climatic periods of 1957 to 1986 and 1987 to 2016, 

and that based on SPI-12, only severely wet and near 

normal conditions increased in the second climatic 

period. The alteration of monthly rainfall in the 

second climate period compared to the first was an 

indication of changing climate which impacts the 

water resources of Lagos Metropolis.  
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