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Abstract

Groundwater is the world’s primary source of fresh water. However, groundwater resources in the basement complex region,
such as Nigeria, have been overstressed due to excessive abstraction, and the rate of groundwater replenishment is declining
as a result of climate change. Thus, this study investigated the influence of climate change on groundwater recharge scenarios.
Twenty years of data on climatic records were collected from the Nigeria Meteorological Agency of Nigeria (NIMET), Abuja.
The data was sorted into annual and average records and were inserted into the empirical formulas to obtain the groundwater
recharge, surface runoff, evapotranspiration, and recharge coefficient. The influence of the climatic change on the ground-
water variables was investigated using the multiple regression analysis (MANOVA) models of the Paleontological Statistics
4.13 software and a model was developed. The descriptive statistics of the data revealed the highest maximum temperature
(33.3 °C) in 2019, minimum temperature (22.5 °C) in 2005, relative humidity (88.63%) in 2008, sunshine (5.85 h) in 2011,
wind (4.69 knots) in 2016, Evapotranspiration (1310.28 mm) in 2008 and annual rainfall (1692 mm) in 2010. The lowest
climatic variables (max temp (30.8 °C), min temp (20.4 °C), relative humidity (69.63%) sunshine (5.18 h), wind (3.14 knot),
annual rainfall (1014.7) and evapotranspiration (1204.14) were reported in 2005, 2020, 2011, 2011, 2001, 2001 and 2012,
respectively. The corresponding highest values of groundwater recharge and direct runoff from rainfall are 248.75 mm and
907.39 mm, respectively in 2010 while the highest value of recharge coefficient was 23.92 in 2006. The multivariate multiple
regression analysis separated the variables into dependent variables (groundwater recharge, direct runoff, and rainfall coef-
ficient) and independent variables (Min and max temperature, humidity, sunshine, wind, annual rainfall, and evapotranspira-
tion). The Wilks lambda value, P (regression), and F-static are 0.0006994, 6.979E-11, and 16.1, respectively for the overall
MANOVA. The tests on independent variables show varying and high Wilki Lambda, P-values, and low F-static; (0.9081,
0.7989, 0.3372 for humidity, 0.701, 0.31,1.361 for sunshine, 0.8603, 0.6647, 0.5414 for wind, 0.8363, 0.5995, 0.6523 for min
temp, 0.879, 0.717, 0.459 for max temp, 0.9266, 0.8498, 0.264 for evapotranspiration). The Wilki’s Lambda, P-value, and
F-static for annual rainfall is (0.001775, 4.76E-14, 1875. The R? value for Groundwater recharge and direct runoff are 0.99
and 0.91, respectively while that of the recharge coefficient is 0.32. Collectively, there is a significant difference between the
groundwater recharge and the climatic factors, and the model developed is significant. However, the individual influence of
the climatic variables on groundwater resources is less significant, thus the only climatic factor contributing significantly to
the groundwater recharge in the study area is rainfall. The percentage of rainfall contributing to the groundwater recharge
is (15.63%) and this is very low for any resource sustainability. The groundwater recharge pattern in the study area has not
changed reasonably but rainfall contribution has increased by 1%. Conservative measures and sustainable management
practices should be put in place for future management of the resource.
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geology, and topography among others. The climate is the
behavior of the atmosphere over a long period while cli-
mate change is the change in the long-term averages of daily
weather conditions such as rainfall temperature, sunshine,
humidity, wind, etc. Several definitions have been given to
climate change: Climate change is global warming and has
been attributed to changes in weather parameters over dec-
ades of years (Aribisala et al. 2015). Onoja et al. (2011)
attributed climate change to natural and human causes such
as biotic processes, variations in solar radiation received by
the earth, plate tectonics, volcanic eruptions, and burning
of fossil fuels.

Climate change has been stated as one of the major prob-
lems increasing the mean temperature of some regions and
its disturbance in the occurrence and severity of some hydro-
logical events such as flood and drought is alarming (Patel
and Mehta 2023). Groundwater resources have been vital
in the sustenance of drinking water, irrigation, agricultural
and industrial maintenance and it has been reported that it
meets above one-third of global drinking water demands
(Swain et al. 2022). The demand for groundwater in the
world has intensified in the last decades and the pressure
may increase in the future (Reinecke et al. 2021; Addisie
2022). The monitoring of the effect of climate change is
crucial for sustainable groundwater resources management.
The information on the impact of climate change and its
variables on groundwater is very limited and the challenges
are rising with a more worsen situation predicted for the
future (Kumar 2012; Ashaolu 2016; Guptha et al. 2022).
The effect of climate change on groundwater resources is
twofold; direct and indirect impacts. The direct impact of
climate change relates to the natural recharge mechanisms
from rainfall while the indirect impacts are those concerned
with the changes in groundwater use, governed by anthro-
pogenic activities (Swain et al. 2022).

The measurement of the natural groundwater recharge
and discharge is vital for effective groundwater resource
management. The fraction of the total precipitation falling
on the earth that infiltrates and reaches the water table is the
natural groundwater recharge. The availability of enough
water in the ground is governed by geology and the soil
but rainfall and evapotranspiration are governed by the cli-
mate. The variability in climate change has been reported to
come with two extremes, flood, and drought and it has been
reported to have a pronounced impact on groundwater. The
ozone layer in the atmosphere is already depleted and it has
been stated that Nigeria is currently experiencing the cata-
strophic effects of climate change in the area of flooding; the
year 2022 flooding has been described as the worst Nigeria
has experienced since 2012 (Daily Trust 2022).

Heavy rainfall events contribute to groundwater resources
but the recharge in some boreholes of tropical Africa is dis-
proportionate to extreme rainfall events (Owor et al. 2009;
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Taylor et al. 2013). Groundwater residence time ranges from
days to thousands of years thus, measuring the responses
to climate change is delayed and this could be challenging
(Aizebeckhai 2011). One of the measuring parameters for
future management and sustainability of groundwater is
recharge; rainfall being the major contributor to recharge
describes the quantity of water that will enter any aquifer.
Quantifying the quantity of water that recharges the ground
is challenging because groundwater recharge is influenced
by several factors such as infiltration, evaporation, runoff,
temperatures, and land cover etc. with precipitation being
the major driving force, (MacDonald et al. 2021; Ashaolu
2018). There are high uncertainties associated with the
regional and global climate models regarding the effects of
climate change on rainfall patterns (Bates et al. 2008). Any
increase in intensity and frequency of heavy rainfall events
interspersed with severe and prolonged droughts may induce
changes in recharge and discharge of groundwater systems.

Climate change affects groundwater recharge rate, depth
to the water table, and water levels in Aquifers, and most
simulated models for climate change predicted a more than
70% decrease in recharge for southwestern Africa by 2050
(Aizebeckhai 2011). The portioning of recharge, runoff, and
evapotranspiration is controlled by the depth of groundwater
and the lateral redistribution of water in the ground. (Condon
et al. 2020). A warmer climate increases evapotranspiration
and this may affect the portion of precipitation that infiltrates
the ground as recharge or the fraction that becomes runoff
(Condon et al. 2020). Climatic factors such as temperature
gradients, wind, and relative humidity control potential
evapotranspiration. Any temperature increase can reduce
groundwater storage; at 15°C warming, groundwater stor-
age may decrease by 100,000 MCM (Condon et al. 2020).
Climate change can increase runoff if the storm is intense
and subsequent extreme flooding events. The assessment of
the impact of climate change on groundwater resources as
reported by Aribisala et al. (2015) concluded that climate
change did not have a pronounced effect on groundwater
resources.

Climate change influenced the rainfall characteristics
with a corresponding impact on groundwater recharge
(Makinde et al. 2017; Zakwan 2021). An increase in the
rainfall amount as a result of climate swing influenced the
groundwater resources in the basement complex of Nigeria
(Ashaolu 2016). Climate change scenarios on groundwater
recharge will not change by the year 2030 if it is estimated
using all weather parameters but the temperature rise will
bring a corresponding decrease in groundwater recharge
(Kambale et al. 2016). Groundwater systems are expected
to be affected by recharging changes, including changes in
precipitation and evapotranspiration and potential environ-
mental changes in connections between groundwater and
groundwater systems (Deshmukh et al. 2022). The rainfall
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that contributes to groundwater aquifer is the recharge
coefficient (Alloca et al. 2014). The increasing hazards of
climate change are real, numerous, and alarming (Desh-
mukh et al. 2022) and the annual groundwater recharge
and storage are projected to increase from the baseline for
all scenarios of future climate (Soundala and Saraphirom
2022). Several studies on the influence of climate change
on groundwater resources have been conducted globally;
Aribisala et al. (2015) used the climate trend on the bore-
hole trend to check the groundwater recharge, Makinde
et al. (2017) used the time series model to check if the
climatic variations affect the aquifer in Southwestern,
Nigeria, Ashaolu (2016), used the non-parametric Sen’s
slope estimator for the slope of the linear trend of the cli-
matic factors and groundwater recharge, Kambale et al.
(2016) used ARIMA and HYDRUS ID to climate factors
scenerios; Soundala and Saraphirom (2022) used numeri-
cal model to simulate the impact of climate change on
groundwater resources.

The groundwater resources in the basement complex
of Nigeria have been reported to be overstressed due to
over abstraction and the major source of recharge is solely
from direct rainfall (Ashaolu 2016). Fewer studies look at
recharge in the context of the prevailing climatic swing,
hence, management and sustainability of the resources
become difficult. The study aims at evaluating the influ-
ence of climatic change on groundwater resources and
the specific objectives are to monitor the changes in the
climatic trend, obtain annual rainfall and estimate the
groundwater recharge, evapotranspiration and the direct
runoff, the climatic variables influencing their values and
the percentage of rainfall returned as recharge.

2 Materials and Methods
2.1 Study Area

The study area (Fig. 1) is the Osogbo metropolis located
on latitudes N 7°44'0"- N 7°48'0" and longitude E 4°32'0"-
E 4° 36'0". The area is underlined by weathered gneisses
typical of the basement complex of Nigeria (Oyelami et al.
2022). The vital rock groups are migmatite complex and
metasediments such as; quartzite, schist, and amphibolite.
The soils in and around the area are relatively deep, and
rich, primarily derived from coarse and granite rock, and
have greater proportions of ferruginos tropical red soils
known as laterites (Adegboyega et al. 2018). It is within
the lowland tropical rainforest vegetation; it is properly
drained by river Osun and it has a land mass of 66,264 km?>
(Alimi et al. 2022; David and Nwaogozie 2023).

2.2 Methods

The study collected 20 years (2001-2020) of data on daily
rainfall, wind speed, sunshine hours, humidity, and maximum
and, minimum temperature from Nigeria Meteorological
Agency, (NIMET) Abuja. The climatic data were extracted
and sorted on a monthly and yearly basis and were subjected
to descriptive statistics. The results were inputted into the
empirical to estimate the subjected to descriptive statistics. The
results were inputted into the empirical formulas to estimate
the groundwater recharge, recharge coefficient, direct runoff,
and evapotranspiration. The climatic factors and groundwater
recharge were subjected to regression analysis to obtain the
trend line with time and the model equations were generated.
The relationship that existed between the climatic fac-
tors (independent variables) and the groundwater variables
(dependent variables) was extracted by using the multiple
regression analysis (MANOVA) models of the Paleontologi-
cal Statistics 4.13 software. A model was developed for the
groundwater recharge and the direct runoff. The estimation of
evapotranspiration was done using the FAO Penman—Monteith
model (Eq. 1) of the CROPWAT software version 8.0. Ground-
water Recharge was estimated using the Modified Chaturvedi
equation (Eq. 2), effective rainfall (ER) was obtained from the
USDA S.C method from the CROPWAT software, recharge
coefficient was estimated using (Eq. 3), and direct runoff was
estimated using the water budget approach (Eq. 4).
Estimation of evapotranspiration

0.408A(R, = G) +7=2=U, (e, — ¢,)

ET, =
¢ A+y(1+0340,)

6]

where:
T, is the estimated evapotranspiration [mm/day].
R,= the surface radiation balance [MJ/mQ/day].
G =sensible heat flux in the soil [MJ/mz/day].
T =average atmospheric temperature [°C].
U,= wind speed at 2 m height [m/s].
e, = saturation vapor pressure [kPa].
e,= actual vapor pressure [kPa].
A =slope of the water vapor saturation pressure curve
[kPa/°C].
Y =psychrometric constant [kPa/°C].
Estimation of Groundwater recharge

Groundwater recharge(GRr) = 1.35(AP — 14)%° 2

where AP =annual rainfall in inches.
Estimation of Recharge coefficient

Recharge coefficient = GRr/ER% 3)

where:
GRr = Groundwater recharge.
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ER =effective rainfall. annual rainfall (1014.7) and evapotranspiration (1204.14)
Estimation of Direct runoff were reported in 2005, 2020, 2011, 2011, 2001, 2001 and
Direct runoff = 0.85 X AP — 30.5 @ 2012, respectively. There was a gradual but fluctuating

3 Results and Discussion
3.1 Descriptive Statistics of Climatic Data

The descriptive statistics of the data and estimated values
of groundwater variables (Table 1) revealed the highest
climatic factors: maximum temperature (33.3 °C) in 2019,
minimum temperature (22.5 °C) in 2005, relative humidity
(88.63%) in 2008, sunshine (5.85 h) in 2011, wind (4.69
knots) in 2016, Evapotranspiration (1310.28 mm) in 2008
and annual rainfall (1692 mm) in 2010. The lowest climatic
variables (max temp (30.8 °C), min temp (20.4 °C), rela-
tive humidity (69.63%) sunshine (5.18 h), wind (3.14 knot),
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increase in maximum temperature until it rose to the peak
in 2019 (Fig. 2) and it is the highest reported in the study
area since year 1980 (Ashaolu 2016; Babatola and Asaniyan
2016). Although the maximum temperature is high, studies
from similar basement complex has reported a maximum
temperature of 37.3 °C (Obiefuna and Orazulike 2010).
The values of humidity fluctuate, but the highest humidity
reported in 2008 in this study did not agree with Ashaolu
(2016). Coincidentally, the highest humidity occurred in the
year with the highest number of rainy days (Table 1) while
the year 2015 reported the lowest rainy days (98 days).
The maximum annual rainfall obtained in this study is
similar to the annual rainfall amount (1692 mm) obtained
by Oke et al. (2015) but the difference in the averages of
maximum rainfall when compared to Ashaolu (2016) is an
indication that the annual rainfall amounts have increased
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Table 1 Descriptive statistics of cimatic factors and groundwater variables

Year Max. Temp.  Min. Temp. H S Wind RD AR GRr DR ET, RC ER
2001 31.7 223 75.66  5.18  3.55 105 1014.7 174.67  610.65 125145  23.16 754.1
2002 31.6 21.5 75.76 537 3.27 111 1361 215.74  788.65  1226.4 22.39 963.7
2003 315 21.8 7829 559 342 108 1422.2 22220 82095 12629 22.18  1001.7
2004 31.6 21.7 7739  5.67  3.59 118 1310.1 21020  754.05  1270.02  22.77 923.0
2005 30.8 22.5 7758 562 390 132 1454.8 225.57  853.08 125195 21.70  1039.5
2006 31.0 21.0 7875 552 412 125 1612.2 241.18  826.64 1241 2392  1008.4
2007 31.9 21.8 74.85 521 437 203 1550 235.14  868.72 12629 2222 10579
2008 31.6 22.1 88.63 562 393 212 1585.9 238.65 87543 131028 2239  1065.8
2009 31.3 21.7 78.62 543 332 131 1310.4 210.24 74020 1241 23.19 906.7
2010 32.0 22.0 76.72 578  3.38 136 1692.3 248.75 90739  1273.85 2254 11034
2011 31.5 21.4 69.63 585 3.14 116 1135.1 189.96  728.04 1241 21.29 892.4
2012 31.5 21.7 7327 520 3.75 113 1518.6 232.03  879.26  1204.14  21.68  1070.3
2013 31.3 22.0 76.58 542 395 126 1088.8 184.23  701.44  1233.7 21.39 861.1
2014 31.4 22.1 77.05 545 420 110 1425.3 222.53 79144 1241 23.02 966.7
2015 31.7 21.8 77.68 551 445 98 1177.1 195.01 72898  1255.6 21.83 893.7
2016 31.8 214 78.04 5.69 4.69 109 1331 21249 77879  1270.02  22.31 952.1
2017 32.0 22.1 77.05 556  3.57 107 1152.8 19144  677.89  1259.25 2297 833.4
2018 31.7 21.8 80.64 547 373 129 1477.9 22793  864.46  1259.25  21.65 10529
2019 333 22.1 80.62 549 3.86 123 1688.6 24841  855.03 12921 23.84  1041.8
2020 31.9 20.4 78.83 538  3.98 173 1234.6 201.72  697.66  1233.42  23.55 856.7
Min 30.8 20.4 69.63 5.18 3.14 98 1014.7 174.67  610.65  1204.14  21.29 754.1
Max 333 22.5 88.63 585 4.67 212 1692.3 24875  907.39 131028 2392 11034
Mean  31.64 21.8 77158 550  3.81 129.25 137690 21640 78742  1254.06  22.50 962.67
SD 0.499 0.472 358 018 041 31.22 200.42 21.68 80.72  23.52 0.788 94.95

H Humidity (%), S Sunshine (hour), W Wind(Knot), RD Raint days, AR Annual rainfall (mm), GRr Groundwater recharge (mm), DR Direct rain-

fall (mm), ET,, Annual evapotranspiration(mm), R.C rainfall coefficient, ER Effective rainfall

Fig.2 Graph of maximum ==
temperature and year
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over the years (Babatola and Asaniyan 2016; Oke et al.
2015; Ashaolu 2016). This is corroborated with the find-
ings of Ogunbode and Ifabiyi, (2019) that more rainfall
will be experienced in the tropics as a result of changes in
temperature. The estimated groundwater variables (Table 1)

Year

reported the highest (248.75 mm) and lowest (174.67 mm)
groundwater recharge in 2001 and 2019, respectively. A plot
(Fig. 3) of the recharge against other variables shows that the
evapotranspiration is very high and did not fluctuate evenly
with the annual rainfall: evapotranspiration in the year 2001,

@ Springer
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Fig.3 The graph of annual
rainfall, evapotranspiration,
groundwater recharge and direct
runoff
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2011, 2015 and 2017 were higher than the annual rainfall
and it clearly shows why the graph of groundwater recharge
is far below evapotranspiration, annual rainfall and direct
runoff (Fig. 3). The climatic factors have not changed signifi-
cantly and this observation agrees with some literature that
the south-western region of Nigeria has generally not expe-
rienced a pronounced change in climate except for rainfall
which has witnessed about a 2% to 5% increment (Aribisala
et al. 2015). The average amount (216 mm) of water entering
the groundwater as recharge is 15.63%, of the annual rainfall
thus the fraction of rainfall returning as groundwater has not
changed when compared to past studies. Several factors are
responsible for the pattern of groundwater recharge aside
from climatic factors, rainfall, runoff, and evapotranspira-
tion; land use, geology, natural vegetation, and infiltration
capacity among others are also very critical factors of study.
From Fig. 3, the portion of rainfall returning as direct runoff
is equally high, thus a larger percentage of annual rainfall
is returning as direct runoff and evapotranspiration which
implies that the groundwater recharge mechanism of the
study area may be controlled beyond the factors of climate.

3.2 Trend Analysis

The trend plot (Fig. 4) generated the statistics presented
in Table 2. The Akaike ICc (AIC) for the minimum temp
(9.843), Sunshine (8.0673) Max temp (10.404), and Wind
(10.337) are moderately high while Humidity (243.84) Eto
(10,483), AR (7.293), GRr (8526.7) are very high. Mod-
erately high AIC suggests that the model is an average fit
but it’s not the best fit. The R? value for the maximum tem-
perature is higher (0.4) than for other climatic variables
thus 40% of the variance in the maximum temperature is
explained by the independent variable but the model may
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not be significant in predicting the maximum temperature.
Other than for maximum temperature the R? value for other
climatic factors is very low hence there is no relationship
between the predictor and the response variable. The sun-
shine, wind, groundwater recharge, and annual rainfall are
negatively sloped (Fig. 4) which may suggest a negative cor-
relation. The climatic variables are changing with time but
the changes are not significant.

3.3 Effect of Climate Change on Groundwater
Recharge

The result of the multivariate multiple regression analysis
(Table 3) separated all the variables into dependent variables
(groundwater recharge, direct runoff, and recharge coeffi-
cient) and independent variables (the climatic factors Min
and max temperatures, humidity, sunshine, wind, annual
rainfall, and evapotranspiration) using Eq. 5. The Wilks
lambda value for the Overall MANOVA was between 0
and 1 and this shows how well the function separated the
variables into groups. The low value of Wilki’s lambda
(0.0006944) is an indication that there is a significant dif-
ference between the dependent variables and the climatic
factors. The F- value (16.1) is high suggesting a significant
difference between the groups and the P- value (6.979E-
11) is quite low, thus there is an indication that the model
is very significant and the variables have an effect on each
other. The groundwater recharge pattern has not changed
when compared to Ashaolu (2016). However, the tests on
independent variables show that the climatic factors have
less influence on the groundwater variables when considered
individually.

The Wilki Lambda and the P-values are high, and the
F-static is low; (0.9081, 0.7989, 0.3372 for humidity, 0.701,
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Fig.4 Trend Plot of climatic factors and groundwater recharge a Min T, b Max T, ¢ H, d S, e W fE to gAR h GRr

0.31,1.361 for sunshine, 0.8603, 0.6647, 0.5414 for wind,
0.8363, 0.5995, 0.6523 for min temp, 0.879, 0.717, 0.459 for
max temp, 0.9266, 0.8498, 0.264 for evapotranspiration) The
Wilki’s Lambda, P-value and F-static (0.001775, 4.76E-14,
1875 for annual rainfall (Table 3) shows a statically sig-
nificant variable with all the dependent variables. The high
significance of annual rainfall and groundwater recharge
agrees with the findings of Ashaolu (2016) and Makinde
et al. (2017) for a typical basement complex. As reported

by Ashaolu (2016), rainfall and wind is very significant in
their contribution to groundwater recharge but the result of
this study shows that the only variable of significance is the
annual rainfall and this implies that the recharge mechanism
pattern has changed.

The tests on the dependent variables (Table 3) show that
99% and 91% of the variance in the dependent variable
(Groundwater recharge, direct runoff) is defined and explained
by the climatic variables. The F-value and P- P-value of the

Do @ Springer
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Table 2 Statistics of polynomial regression analysis of climatic variables and generated equation with time

Regression Min T Max. T H S W Eto AR GRr

variable

Akaike ICc 11.335 10.404 243.84 8.0673 10.337 10,483 7.2939E05 8526.7

Akaike IC 9.843 8.904 242.34 6.5673 8.8369 10,481 7.2939E05 8525.2

R? 0.0955 0.3883 0.031672 0.094692 0.14494 0.0035416 0.044282 0.045739

F 0.89789 5.3958 0.27801 0.88907 1.4408 0.030211 0.39383 0.40742

P 0.4259 0.015331 0.76066 0.42931 0.26422 0.97029 0.68046 0.67169

Equation Y=-0.00249 Y=0.006562 Y=0.01488x Y=-0.0017 Y=-0.0015 Y=0.03141x Y=-1387 Y=-0.1525x
6x>+10.02x  x*—26.34x  2-59.74x+  68x*+7.112  62x2+6.30 *—126.1x+ x*+5578x  2+613.2x—
—1.003E04 +2.647E04 6.006E04 x—T7146 5x —6360 1.279E05 —5.606E06  6.162E05

Y =climatic and groundwater variables, X =Time

Table 3. Statistics of MANOVA Overall MANOVA
regression

Wilki’s Lambda: 0.0006944 F: 16.1 df 1: 21 df 2: 29.26 P(regression): 6.979E-11

Test on independent variables

Wilki’s Lambda F df1 df2 P
Humidity 0.9081 0.3372 3 10 0.7989
Sunshine 0.71 1.361 3 10 0.31
Wind 0.8603 0.5414 3 10 0.6647
Rainfall 0.001775 1875 3 10 4.76E-14
Min. temp. 0.8363 0.6523 3 10 0.5995
Max temp. 0.879 0.459 3 10 0.717
Evapotranspiration 0.9266 0.264 3 10 0.8498
Test on dependent variables
R F dfl df2 P
Groundwater recharge 0.9983 1009 7 12 1.18E-15
Recharge coefficient 0.352 0.9314 7 12 0.571
Direct runoff 0.9108 17.5 7 12 2.06E-05
Regression coefficient and statistics
Coefficient Std err T P R?
Groundwater Recharge Constant 99.59 22916 4.3459  0.000952
Humidity 0.083259 0.11649 0.7147 0.48846 0.14964
Sunshine 1.5947 2.0578 0.77495 0.45337 0.012051
Wind 0.37509 0.68544  0.54722 0.59426 0.01733
Rainfall 0.10833 0.001418 76.394 1.69E-17 0.99756
Min temp. —0.38033 0.67886  0.56024 0.58562 0.001312
Max temp. —0.52733 0.69679  0.75681 0.46377 0.031137
Evapotranspiration —0.01916 0.026006 0.73673 0.47544  0.12096
Direct runoff Constant 522.18 618.65 0.84406 0.41514
Humidity —1.6044 3.145 0.51014 0.61921 0.079277
Sunshine 43.729 55.552 0.78717 0.44645 0.02436
Wind 9.0589 18.505 0.48955 0.63328 0.01385
Rainfall 0.39671 0.038277 10.364 2.43E-07 0.87063
Min. temp. 20.356 18.327 1.1107 0.28846  0.015738
Max. temp. —18.282 18.811 0.97189 0.35029  0.001693
Evapotranspiration —0.23626 0.70208  0.33652 0.74229  0.078657
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groundwater recharge and direct runoff shows that the model
is significant and it is a well-fitting regression (Eqgs. 5 and 6).

yi = b() + b1X1 + bzXz + ann + C (5)
where:

¥; = dependent variable(Groundwater recharge, or Direct runoff)

b, = theyintercept when all dependent variables are(

by, b, ... b, = the coefficient for each predictor variables
(climatic variables)

X,,X,, X, = predictor variables

C = error term

GRr =99.59 + 0.083259H + 1.5947S + 0.37509W + 0.10831AR
— 0.38033MinT — 0.52733 — 0.01916ETo
(6)
DR =522 — 1.6044H + 43.7298S + 9.0589W
+0.39671AR + 20.356Min.T )

— 18.282MaxT — 0.2362ETo

4 Conclusion and Recommendation

The climatic factors in the study area fluctuated but the
increase is not significant. The significant change in tempera-
ture was reported in 2019 and the highest rainfall (1692.3) was
reported in 2010. The highest groundwater recharge, direct
runoff and evapotranspiration are 248.75 mm 907.39 mm and
1310.28 mm respectively and the only climatic factor influenc-
ing their values is the rainfall. The evapotranspiration and the
direct runoff values are very high and only 15.63% of annual
rainfall is returned as recharge. The sustainability of ground-
water resource in the area is not guaranteed if it is used exclu-
sively for all water uses. A further study that will consider all
the factors affecting groundwater recharge is crucial and efforts
to reduce the direct runoff and evapotranspiration should be
adopted.

Author contributions OOF: Conceptualization, Experimental design
and development, Data curation, Investigation, Original draft, Review

and Editing. MAK: Original draft, Preparation of figures and Tables,
Review and Editing.KI: Review and Editing.

Declarations

Conflict of interests The authors declare no competing interests.

References

Addisie MB (2022) Groundwater recharge estimation using water
table fluctuation and empirical methods. H20pen J 5(3):457-468.
https://doi.org/10.2166/h20j.2022.026

Adegboyega SA, Onuoha OC, Adesuji KA, Olajuyigbe AE, Olufemi
AA, Ibitoye MO (2018) An intergrated approach to modelling of
flood hazards in the rapidly growing city of Osogbo, Osun State,
Nigeria. Space Sci Int 4:1-15

Aizebeckhai AP (2011) Potential impacts of climate and variability
on groundwater resources in Nigeria. Afr J Environ Sci Technol
5(2):760-768

Alimi SA, Andongma TW, Ogungbade O, Senbore SS, Alepa VC,
Akinlabi OJ, Olawale LO, Muhammed QO (2022) Flood vulner-
able zones mapping using geospatial techniques: a case study
of Osogbo metropolis, Nigeria. Egypt J Remote Sens Space Sci
25:841-850

Allocca V, Manna F, De Vita P (2014) Estimating annual groundwa-
ter recharge coefficient for karst aquifers of the Southern Apen-
nines (Italy). Hydrol Earth Syst Sci 18:803-817. https://doi.org/
10.5194/hess-18-803-2014

Aribisala JO, Awopetu MS, Ademilua OI, Okunade EA, Adebayo
WO (2015) Effect of climate change on groundwater resources
in southwest Nigeria. ] Environ Earth Sci 5(12):2223

Ashaolu ED (2016) Influence of climate on groundwater recharge
clues for sustainable groundwater development in basement
complex aquifers of Osogbo, Nigeria. In: Tilakasin SL (ed)
Water land people in climate change stamford lake Pannipitiya,
Srilanka, pp 109-128

Ashaolu ED (2018) Effect of climate and landuse/land cover change
on groundwater recharge in osun drainage basin, Nigeria.
Unpublished MSc thesis of the Department of Geography,
University of Ilorin

Babatola EB, Asaniyan BR (2016) Relative comparison of resultant
effects of global warming on variability of rainfall and water
resources in Saki and Osogbo Western Nigeria. J Prog Res Soc
Sci 4(1):262-270

Bates BC, Kundzewics ZW, Wu S, Palutikof JP (2008) Climate
change and water. IPCC Secretariat, Technical paper of the
intergovernmental panel on climate change technical paper VI
p 210

Condon LE, Atchley A, Maxwell R (2020) Evapotranspiration
deplets groundwater under warming over the contiguous United
States. Nat Commun 11:873

Dailytrust (2022) https: //dailytrust.com sun 30" October 2022

David AO, Nwaogozie II (2023) Excel optimization solver model
development for Osogbo’s rainfall intensity duration and fre-
quency. FUW Trends in Sci Technol J 8(1):19-24

Deshmukh MM, Elbeltagi A, Kouadri S (2022) Climate change
impact on groundwater resources in Semi-arid regions.
Resources. https://doi.org/10.1007/978-3-031-04707-7_2

Guptha GC, Swain S, Al-Ansari N, Taloor A, Dayal D (2022)
Assessing the role of SuDS in resilience enhancement of urban
drainage system: a case study of Gurugram City India. Urban
Clim 41:101075. https://doi.org/10.1016/j.uclim.2021.101075

Kambale JB, Singh DK, Sarangi A (2016) Impact of climate change
on groundwater recharge in a Semi-Arid region of Northern
India. Appl Ecol Environ Res 15(1):335-362. https://doi.org/
10.15666/aeer/1501_335362

Kumar CP (2012) Climate change and its impact on groundwater
resources. Int J Eng Sci 1(5):43-60

@ Springer


https://doi.org/10.2166/h2oj.2022.026
https://doi.org/10.5194/hess-18-803-2014
https://doi.org/10.5194/hess-18-803-2014
https://doi.org/10.1007/978-3-031-04707-7_2
https://doi.org/10.1016/j.uclim.2021.101075
https://doi.org/10.15666/aeer/1501_335362
https://doi.org/10.15666/aeer/1501_335362

Iranian Journal of Science and Technology, Transactions of Civil Engineering

MacDonald AM, Lark RM, Taylor RG, Abiye T, Fallas HC, Favreau
G, Goni IB, Kebede S, Scanlon B, Sorensen JP, Tijani M (2021)
Mapping groundwater recharge in Africa from ground obser-
vations and implications for water security. Environ Res Lett
16:034012. https://doi.org/10.1088/1745-9326/abd66

Makinde V, Adeleke OO, Eruola AO, Okeyode IC, Akinboro FG,
Alatise OO, Dada OF (2017) Impact of climate change on
groundwater resources in Odeda local government area, Ogun-
state, Southwest Nigeria. Afr Rev Phys 12:1-13

Obiefuna GI, Orazulike DM (2010) Application and comparison of
groundwater recharge estimation methods for the semiarid Yola
area, Northeast Nigeria. Glob J Geol Sci 9:177-204

Ogunbode TO, Ifabiyi PI (2019) Rainfall trends and its implications
on water resources management: a case study of Ogbomoso city
in Nigeria. Int J Hydrol 3(3):210-214

Oke MO, Martins O, Idowu OA, Aiyelokun O (2015) Comparative
analysis of groundwater recharge estimation value obtained
using empirical methods in Ogun and Osun river basin. IFE J Sci
17(1):056-063

Onoja US, Dibua UM, Enete AA (2011) Climate change: causes effects
and mitigation of a review. Global J Pure Appl Sci 17(4):469-479

Owor M, Taylor RG, Tindimugaya C, Mwesigwa D (2009) Rainfall
intensity and groundwater recharge empirical evidence from the
upper Nile Basin. Environ Res Lett 4:1-12. https://doi.org/10.
1088/1748-9326/4/3/035009

Oyelami CA, Akandeb W, Kolawole TO (2022) A preliminary geo-
technical assessment of residual tropical soils around Osogbo
metropolis as materials for road Subgrade. J Niger Soc Phys Sci
4:157-164

@ Springer

Patel S, Mehta D (2023) Statistical analysis of climate change over
Hanumangarh district. ] Water Clim Change 6:2029. https://doi.
org/10.2166/wcc.2023.22

Reinecke R, Miiller Schmied H, Trautmann T, Andersen LS, Burek P,
Florke M, Gosling SN, Grillakis M, Hanasaki N, Koutroulis A,
Pokhrel Y (2021) Uncertainty of simulated groundwater at differ-
ent global warming levels: a global scale multi-model ensemble
study. Hydrol Earth Syst Sci 25:787-810

Soundala P, Saraphirom P (2022) Impact of climate change on ground-
water recharge and salinity distribution in the Vientiane Basin,
Lao PDR. J Water Clim Change 13(11):3812-3829. https://doi.
org/10.2166/wcc.2022.161

Swain S, Taloor AK, Dhal L, Sahoo S, Al-Ansari N (2022) Impact
of climate change on groundwater hydrology: a comprehensive
review and current status of the Indian hydrogeology. Appl Water
Sci 12(120):1-25

Taylor RG, Doell P, Scalon BR, Rodell M (2013) Ground water and
climate change. Natl Clim Change 3:322-329

Zakwan M (2021) Trend analysis of groundwater level using innova-
tive trend analysis. In: Pande C, Moharir KN (eds) Groundwater
resources development and planning in the Semi-Arid Region.
Springer International Publishing, Berlin, pp 389—405

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1088/1745-9326/abd66
https://doi.org/10.1088/1748-9326/4/3/035009
https://doi.org/10.1088/1748-9326/4/3/035009
https://doi.org/10.2166/wcc.2023.22
https://doi.org/10.2166/wcc.2023.22
https://doi.org/10.2166/wcc.2022.161
https://doi.org/10.2166/wcc.2022.161

	Influence of Climate Change on Groundwater Resources in Osogbo, Osun State, Nigeria
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Study Area
	2.2 Methods

	3 Results and Discussion
	3.1 Descriptive Statistics of Climatic Data
	3.2 Trend Analysis
	3.3 Effect of Climate Change on Groundwater Recharge

	4 Conclusion and Recommendation
	References


