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ABSTRACT

Drought which occurs as a result of climate variability has devastating implications
for human health especially in northeastern Nigeria, where it is known to cause
malnutrition due to food and water shortage, epidemic (cholera and typhoid fever)
and meningitis due to high temperatures. In view of the consequences of drought in
the study area, this study investigated the impact of drought on groundwater in
Yobe State, northeastern Nigeria using geophysical and meteorological data. The
Vertical Electrical Sounding (VES) delineated five geologic layers, which are the
topsoil, clay, sand, sandy clay and sand. Two aquifers were delineated in the study
area, the first aquifer is unconfined and it is very close to the Earth surface in some
areas within the study area, while the second aquifer is confined at a great depth.
The temperature and the Actual Evapotranspiration analysis for the study area
showed increasing trend which indicates significant loss of water from the ground.
The first aquifer is mostly affected by drought due to its proximity to the Earth
surface. The lowering of the water table and significant soil water loss in the study
area manifested as low borehole yields during drought. Groundwater recharge for
the period of the study (40 years) showed a decline trend. The droughts frequency
and severity were evaluated using Standardized Precipitation Index (SPI) and

Keywords: Palmer Drought Severity Index (PDSI). The results obtained showed that the study
Groundwater, area had been involved in series of drought regimes, whose degree of impact ranged
Evaporation, from moderate to extreme situations. Based on the findings of this study, it is
Recharge, recommended that more trees should be planted in the study area to reduce
Precipitation, evaporation and evapotranspiration. More research and development activities
Temperature, should be encouraged to improve effective adaptability to drought and climate
Climate. change in the study area.

INTRODUCTION serious impact on agriculture, food security, economies
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Drought is a natural disaster associated with great
economic losses. Drought is one of the extreme weather
conditions which manifest periodically as a result of
climate change mostly in the semi-arid and arid regions
of the world. It is a prolonged period of dry season
characterized by lack of precipitation or rainfall. The
impact of drought on ground water often manifest in
terms of low ground water recharge, sea water intrusion
in coastal areas, high temperatures and elevated
evapotranspiration. Groundwater is a major important
source of potable water in both semi-arid and arid
regions especially where there were little or lack of
alternative sources of water supply such as small rivers,
streams, lakes and ponds. Drought is known to have

and the environment. An estimated 55 million people
are affected by drought annually, and the impact is
mostly felt by crops and livestock (WHO, 2023).
Several anthropogenic activities have contributed to the
increase in the concentration of greenhouse gases in the
atmosphere (Gosain et al., 2006). These greenhouse
gases have directly or indirectly contributed to the
elevation of global temperature causing global warming
(Agada, 2022).

Drought is characterized with rising temperature and
extreme heat which leads to water shortages in the arid
regions. A rising temperature is always associated with
high evaporation and evapo-transpiration which elevates
drought. Drought affects people’s source of income, it
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increases the rate of disease and infection spread. It
elevate communal crisis and mass migration due to
economic losses, animal and crop failures. In some
cases prolonged droughts are associated with
groundwater pollution thereby exposing the populace to
water related health hazards (Usman and Agada, 2024).
The continuous increase in global carbon dioxide
emissions and other related greenhouse gases through
the consumption of fossil fuels will continue to elevate
global temperatures and reduce annual precipitation.
Droughts and its associated climate change are
responsible for the frequent extreme weather conditions
mostly experienced in recent times, especially in the
semi-arid and arid regions.

Villhoth et al. (2013) reported that groundwater drought
is the manifestation of meteorological drought in the
subsurface. It is characterized by reduced groundwater
storage, recharge and discharge. Mondal and Mujudmar,
(2015) emphasized that the frequency and the intensity
of droughts will increase in the future due to global
warming from greenhouse gas emissions. The
increasing rate of drought in semi-arid region of Nigeria
has led to loss of economic activities, increase in crime
rate, communal crisis, terrorism and banditry, thereby
making life difficult for the populace. As a result of
drought manifestation, an aquifer might dry out and
eventually loss it’s potential for recharge. The alteration
of groundwater recharge mechanism could affect its
sustainability. The variability in precipitation and
temperature due to climate change could enhance the
frequency and the intensity of drought in northern
Nigeria. Wan et al. (2010) reported that wind speed has
declined in many countries worldwide. Guo et al. (2011)
also reported that the wind speed has declined by 29%
in China.

Rainfall and temperature are the main factors which
govern hydrological processes. Since rainfall and
temperature are determinant factors of climatic
conditions, the study of both climate indicators is very
important to our ecosystem. An increasing temperature
has severe impacts on the ecosystem. In most cases, it
causes extreme weather events such as heat wave, sea
level rise, melting of ice at the Polar Regions and
diseases. Irregular pattern of rainfall are associated with
flash floods, droughts, depletion of surface and
groundwater levels and an increase in wildfire potential.
MacDonald et al. (2005) reported that the benefits of
groundwater is immense but there is limited knowledge
on African groundwater resources and their response to
climate change. The IPCC Fourth Assessment report
review of climate model projections reveals a consistent
progressive warming of the climate in all regions of
Africa (Solomon et al., 2007). Conway (2011) observed
that the increase in temperature will cause an increase in
evapotranspiration as well as the increase in the
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intensity and variability of rainfall. This variability in
rainfall will lead to high demand for groundwater.

In order to sustain groundwater supply, those factors
which might limit its availability and supply need to be
studied. Groundwater resources are mostly affected by
climatic factors such as drought, evapotranspiration,
desertification, temperature, precipitation and in general
climate change. Hafmann et al. (2000) reported that an
increase in evapotranspiration with a corresponding
decrease in precipitation will lead to reduction in
groundwater level.

Drought is  associated  with  desertification.
Desertification is both natural and anthropogenic, it is
mainly caused by climate change. It is associated with
the degradation of the ecosystem, soil erosion, and
reduction in agriculture produce due to soil
impoverishment. It is one of the environmental
challenges in the northeastern Nigeria. The abysmal
cutting of trees for energy source in the study area and
animal overgrazing are also responsible for
desertification. Desertification exposes the soil to
enhanced solar radiation and thereby causing high soil
evapotranspiration. Drought is a difficult natural
phenomenon associated with significant loss of lives. In
1983, a severe drought in Sudan killed 150, 000 people
and affected 8.4 million people. In 1991 about 8.6
million people were affected by drought (FAO, 2008).
The Intergovernmental Panel for Climate Change
(IPCC) stated that Africa will be affected by climate
change as such that the warming will be 1.5 times the
global average (Taylor et al., 2009). In recent times, the
semi-arid and the arid regions of Africa is experiencing
an increase in temperature caused by droughts and heat
waves. These phenomena have strong influence on the
pattern, frequency and intensity of rainfall which
directly affect groundwater recharge. Groundwater
recharge is significantly responsive to land use,
geological settings, and climatic conditions. Hiscock
and Tanaka (2006) observed that in Tokyo an increase
of 3°C in temperature of a shallow aquifer increases the
depth of groundwater by 20 m due to the warming of the
ground surface.

Jasper et al. (2006) observed that climate variability has
profound effects on soil water content and temperature.
Fan et al. (2007) reported that the Vadose-zone
hydrology, shallow aquifer and water tables are affected
by the variability in climatic factors. Aguilera and
Murillo (2009) observed that climate variability will
have numerous effects on groundwater recharge rates
and mechanism. Thomsen (1989) noted that variability
in precipitation would have substantial effects on
recharge and groundwater levels. Taniguchi (2002)
stated that temperature-depth profile in deep boreholes
are useful tool for estimating ground-surface
temperature and recharge, because climate variability is
a function of subsurface thermal regime. Dettinger and
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Earman (2007) noted that the potential effects of climate
change on groundwater recharge and levels deserve
more attention than the present responses. Abdulkadir et
al. (2017) reported that the increase in the cases of air
pollution due to high temperatures in northern region of
Nigeria correlated with the rising causes of Meningitis
in the area.

Research reports showed that Lake Chad and other lakes
in northern Nigeria are drying up (Elisha et al., 2017;
Dioha and Emodi, 2018). The Federal Ministry
Environment (2014) reported that the effect of climate
variability is mostly felt in the northeastern part of
Nigeria where it is causing increase in temperature, less
precipitation, loss of wetlands and rapid reduction of
surface water. The variability in climatic conditions and
drought has led to the displacement of many settlements
and communities in the region (Federal Ministry of
Environment, 2014; Matemilola, 2019). Sayne (2011) in
his study reported that drought conditions in parts of
northern Nigeria has caused reduction in the available
drinking water leading to water scarcity. United State
Geological Survey (2018) reported that groundwater
decline caused by drought is real and it affects many
places of the world.

Many international and national organization have
through several programs and workshops supported and
facilitated research activities towards providing
adequate understanding on the impact of climate
variability on groundwater resources. In a situation of
uncertainties  associated  with  climate  change,
sustainable groundwater resources will help to provide
the need succor for the growing global population,
agriculture and industrial activities. The study of the
impact of drought on groundwater is very important in
order to make provision for present and future effective
management of groundwater resources.

Nigeria’s climate has witnessed remarkable increase in
temperature, drought, desertification, floods, irregular
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rainfall patterns and decline in rainfall in the semi-arid
regions of Nigeria (Ebele and Emodi, 2016; Elisha et
al., 2017; Agada and Sonloye, 2022). The Federal
Ministry of Environment in 2014 reported that Nigeria
temperature has been increasing since 1980. Madu
2012, reported that the northern region of Nigeria is
most vulnerable to climate change. Drought and
desertification can undermine economic growth thereby
leading to loss of jobs and unemployment.
Desertification is one of the ecological problems
affecting the semi-arid region of Nigeria with serious
economic consequences. According to the Nigeria
Meteorological Agency report (NiMet, 2020) the states
that were affected by drought are Yobe, Sokoto,
Zamfara, Kastina, Jigawa, Kebbi, and Borno. The extent
and severity of drought and desertification in Nigeria
has not been fully studied. In view of the effects of
changes in temperature and rainfall on various
hydrological processes, this study is focused on the
study of drought and its impact on groundwater in the
study area, since no such study has been carried out in
recent times.

MATERIALS AND METHODS

Study Area

Yobe State is located within the semi-arid region of
Nigeria, it lies between latitude 10°5°00”’N and
13°03°00’N, and between longitude 9°06°00°°E and
12°05°00”’E. It has a total land surface area of about
47,153 square kilometers and has an annual mean
temperature of about 32 °C. Major parts of the study are
lies within the Chad Basin. The study area has tropical
continental climate characterized by short rainy season
(June - September) and long dry season (October —
May), with high temperatures of about 39-45 °C. The
annual rainfall amount ranged from 500-1000 mm.
Yobe State has a population of about 3.4 million and its
economy is based on agriculture.

162

NJP VOLUME 32(2)

WWW.hjp.nipngr.org



NIGERIAN JOURNAL OF PHYSICS

Investigation of the Impact of Drought... Agada et al., NJP
$ ) 10 3 " ¥ 12 d 13 4

4 B Yusufan L

o Yunusan n
Machina
NQUL  Kaasuwa
Bade
Borsan

1 Gewdam L

i / Jakuske i
Tarmuwa

i o / Chad |

- Burkina Faso L -
Nangere Fune Damatury
Posscum
Bersn Niger:a
Faa

4 [rogo Guba Legend -

> c Study ares ¥
A ® Ste Capatad
Gulan
Equatona! Guinea

- Suate b
| 0 20 40 80 120 160 Nigess -
T e — — km 3

s d 10 5 1" 3 12 b 13 y

Figure 1: Map of Nigeria showing the study area (Source: Ali et al., 2022)

In this study, Meteorological data from Nigeria
Meteorological station, Nguru and TerraClimate
datasets were used to investigate how drought affects
groundwater in Yobe State. Precipitation and
temperature data of forty years (40) were obtain from
the NiMet station. The Terraclimate datasets includes
both climatic and environmental parameters that are
associated  with  drought such as:  Actual
Evapotranspiration (AET), Wind speed, Palmer Drought
Severity Index (PDSI) and Precipitation. Some
hydrogeological parameters such as groundwater
recharge and evapotranspiration were determined to
evaluate the impacts of drought on groundwater in the
study area. The TerraClimate data were obtained from
https://www.climatologylab.org/terraclimate.htmi.
TerraClimate is a global gridded data of meteorological
and water balance variables from 1958 to present. Its
fine spatial resolution, global extent, and long standing
are unique combination that enhances the reliability of
the climate data it provides. In addition to providing
maximum and minimum temperatures, Terraclimate
also provide derived variables such as Actual
Evapotranspiration (AET), Palmer Drought Severity
Index (PDSI) and vapor pressure deficit. In order to
understand the impact of the drought on groundwater in
the study area, five (5) Vertical Electrical Sounding
(VES) were carried out to delineate the depth to
groundwater in the study area using Schlumberger
configuration.

Evapotranspiration (ET)
Evapotranspiration is a process whereby water is lost
from water bodies, ground and plant surfaces into the
atmosphere. Water evaporates from various surfaces
such as rivers, soils, lakes and vegetation.
Evapotranspiration is the flux of water from the earth
surface to the atmosphere under the action of radiant
energy. It involves both evaporation and transpiration
processes and it occurs simultaneously. It plays a vital
role in the energy budget of the climate system.
Evaporation increases with increasing temperature
(Roderick et al., 2007; Sheffield et al., 2012).
Evapotranspiration is a combine effects of solar
radiation, air temperature, humidity and wind speed. It
is an important part of the climate and water cycle. The
evapotranspiration of the study area was estimated using
CROPWAT software version 8.0 (Figure 2) which is
based on FAO Penman Monteith formula (Gong et al.,
2006).

0.4084 (R, — G) + }/ﬂuz(e)r —€4)
ETo = A+y(+ E;:u?j) 1)
where, ETo = reference evaporation rate (mmd?); T =
mean air temperature (°C); u, = wind speed (ms?) at
2m above the ground; R,,= net radiation at the crop
surface, MIm2d?; G = soil heat flux density MJm2d;
e, = saturation vapour pressure, KPa; e,= actual vapor
pressure, KPa; e, — e, = saturaturion vapor pressure
deficit, KPa, y = Psychrometric constant, KPa °C?, A =
slope of saturation vapor pressure curve.
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Month Min Temp | Max Temp Humidity Wind Sun Rad ETo
C ‘C 4 km/day hours kA A day mm:day

January 128 ] 22 g3 7y 181 3E0
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Figure 2: Monthly ETo for the study area

Precipitation Analysis

The precipitation data were analyzed using the
Standardized Precipitation Index (SPI) which is  based
on Gamma Distribution Function (GDF).

The probability density function of the gamma
distribution is defined as

— yl—ﬁ
g (x)= /wr()x e”F for x >0 )

Where p > 0 is a shape parameter, § > 0 is a scale
parameter, x > 0 is the amount of precipitation, and
I'(n) is the gamma distribution. The gamma distribution
parameters u and g for each station and time scale are
estimated using the following expressions.

“=ﬁ<1+ /1+%> 3)

=3 @
Where,
A=In(x)n"1tYIn(x) (5)

and n = number of precipitations observed.
Integrating equation (1) with respect to x, and using the
estimates of u and B, we obtain a cumulative

Table 1: SPI values and their interpretation

probability G(x) of a given amount of precipitation for a
given time scale,

0-J 8=
Assuming t = E , and substituting it into equation (6),

I x“e dx (6)

we have,

GG = s [y et de ™

Equation (7) is the incomplete gamma function. The
gamma distribution function is not defined for x = 0.
The probability of zero precipitation g = p(x = 0) > 0,
is positive. Hence, the cumulative probability becomes,
Flx) =q+(1—-q)G(x) 8

where F(x) is the true probability of non-exceedance
and q is the probability of x = 0. If ¢ is the sample size
and 7 is the number of zero in the sample, then g can be
estimated as,

g=2 (©)
The transformation of the cumulative probability
distribution F(x) will yield the standard precipitation

index. The SPI values and their interpretations are
shown in table 2.

SPI1 Values

Interpretation

—2.0 and less
-1.5t0—1.99
—1.0 to —1.49
-0.99 to +0.99
1.0to 1.49
1.5t01.99

2.0 and above

Extremely dry
Severely dry
Moderately dry
Near normal
Moderately wet
Very wet
Extremely wet

(Source: Koudahe et al., 2017)
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RESULTS AND DISCUSSION

The proximity of groundwater to the Earth surface will
determine the rate at which it is been impacted by
drought and high daily temperature. The Vertical
Electrical Sounding (VES) results from the study area
delineated five (5) geological layers. The first geologic
layer is the topsoil which is composed of a mixture of
sand, clay and plant remains. It has resistivity values
which range from 69.4 to 199.7 Qm (Table 1). The
topsoil has an average depth of 0.88 m. The second
layer in the study area is a thin clay formation, whose
resistivity values ranged from 16.0 to 25.3 Qm. The
average thickness of the second layer is 4.9 m. The third
layer is a sand formation and it is the first aquifer in the
study area. The first aquifer is both unconfined and
semi-confined in some places within the study area. The
forth layer is a sandy-clay formation which overlays the
fifth layer which is the second aquifer in the study area.
The resistivity values of the fourth aquifer ranged from

Resist Graph
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113.8 to 130.0 Qm (Table 1). The second aquifer is
confined and cannot be easily affected by drought.

The proximity of the first aquifer to the Earth surface
enhances the impact of drought on groundwater in the
study area, leading to low groundwater table and
frequent borehole failures. The inferred decline in
groundwater level in the study area is in consonance
with the USGS (2018) report on the reduction of
groundwater in many parts of the world due to drought
and the observation of Fan et al. (2007), that the
Vadose-zone hydrology, shallow aquifer and water
tables are affected by climatic variability. The HA-
curves are the dominant geoelectric curves obtained
from the VES sounding (Figure 3).

The results of this study showed that drought is
associated with low yield of groundwater in shallow
boreholes and high demand for water, which confirms
the report of Sayne (2011) on the reduction of available
drinking water in northern Nigeria by drought.
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Figure 3: Typical geoelectric curve obtained from the study area

Table 2: Vertical Electrical Sounding Results

VES (1 [¥] €3 4 €5 hl

h2 h3 h4 D1 D2 D3 D4

1 1188 18.0 2528 1138 2703 09
2 927 160 2587 168.2 2704 11
3 1075 239 2291 1190 350.1 0.8
4 694 306 2663 1254 2935 0.7
5 199.7 287 2720 1302 3115 09

4.1 380 272 09 5.0 43.0 70.2
3.8 488 290 11 4.8 536 826
5.0 36.0 391 038 5.8 418 809
6.0 412 446 07 6.0 479 925
5.7 374 450 09 6.6 44.0 89.0
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Maximum Temperature Anomaly Index

The maximum temperature anomaly index of the study
area showed an increasing trend (Figure 4). The
increasing trend of the maximum temperature is an
indication that there is a continuous loss of water from
the  study area  through  evaporation and
evapotranspiration, this observation is in conformity
with the report of the Federal Ministry of Environment
(2014) on the loss of wetlands and reduction in of

surface water in the area. Water from both surface and
subsurface (shallow depth) are released into the
atmosphere due to elevated temperature in the study
area. The maximum temperatures in the year 1984,
1987, 2003, 2004, 2005, 2006, 2008, 2009, 2010, 2011,
2013, 2014, 2015, 2016, 2017 and 2019 were
remarkably high and have impacted the groundwater in
the study area (Figure 4).
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Maximum Temperature Anomaly Index of the Study Area

3 y =0.053x - 105.64
2.5 R?=0.3764

Standard Temperature Anomaly Index
o
(9]
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Figure 4: Maximum Temperature Anomaly Index of the Study area

The time series of the minimum temperature between1981-2020 in the study area showed an increasing trend,
which is an indication of prolong groundwater loss in the area (Figure 5).

Time series of Minimum Temperature of the Study Area.
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Figure 5: The time series of the minimum temperature of the study area
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Actual Evapotranspiration (AE)

The results of the actual evapotranspiration in the study
area showed that during the years 1982, 1983, 1989,
1996, 1998, 2016 and 2019 there were remarkable high
evapotranspiration (Figure 6) which were influenced by
droughts and other climatic factors such as enhanced

solar radiation, temperature, relative humidity and wind
speed. Under high temperature condition, the amount of
energy required for evaporation is low. The relative
humidity of the atmosphere also influences
evapotranspiration.
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Time Series of the Actual Evapotranspiration for the Study Area
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Figure 6: Time series of the Actual Evapotranspiration for the study area

The results of the Actual Evapotranspiration (AE)
obtained from the study area showed an increasing trend
(Figure 6). This increase in the trend of Actual
Evapotranspiration (AE) contributes to the prevalence
of seasonal drought in the study area. The first aquifer in
the study area which is semi-confined and shallow, is
associated with increasing groundwater
evapotranspiration which leads to lowering of
groundwater table. More groundwater is lost into the
atmosphere through the process of evapotranspiration as
they rise to the earth surface.

Groundwater Recharge

The time series of groundwater recharge in the study
area showed a decreasing trend (Figure 7). The periods
of drought in the study area showed remarkable low
groundwater recharge in the study area. The intermittent
periods of drought are characterized with low
groundwater recharge (Figure 7). This observation is in
consonance with the report of Hofmann et al. (2000),
which stated that an increase in evapotranspiration with
a corresponding decrease in precipitation will lead to
reduction in groundwater level due to low recharge. The
negative groundwater recharge trend in the study area is
an indication that the groundwater in the area is
gradually diminishing due to drought and climate
change (Fig. 7).

Time series of Groundwater Recharge in the Study Area
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Figure 7: Time series of groundwater recharge in the study area
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Wind Speed

The time series analysis of the wind speed in the study
area showed a remarkable decline in trend (Fig. 8). This
result is in agreement with the reports of Wan et al.
(2010), which noted that wind speed has declined in
many countries worldwide. It is also similar to the
observation of Guo et al. (2011) which stated that wind
speed has decrease by 29% in China. The reduction in
the wind speed can be attributed to rising levels of
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carbon dioxide and the warming of the Earth poles
which leads to melting of the ice at the poles. The
declined wind speed cold affect plant production in the
study area and energy production worldwide. The wind
speed was higher in the northern part of the study area
where there were less vegetation cover and it decreases
down to the south where the vegetation cover is much

(Fig. 9).

Time Series of the Annual Wind Speed in the Study Area
(1981-2020)
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Figure 8: Time series of the annual wind speed in the study area
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Figure 9: Wind speed variation map of the study area
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The time series analysis results of the surface runoff in
the study area showed an increased trend. The
increasing trend indicates that significant amount of the
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precipitation in the study area do not infiltrate into the
subsurface to recharge the groundwater (Fig. 10).

Surface Run off in the study area
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Figure 10: Time series analysis results of the surface runoff in the study area
The increased surface runoff contributes to flooding and water pollution in the study area.

Standardized Precipitation Index (SPI)

There were droughts between 1991 and1994, 2001 and
2004, 2008 and 2009, and between 2016 and 2019. The
droughts of 2003, 2017, and 2018 were extreme (Fig.
11). The results showed that the precipitation in the
study area for the past 30 years (Fig. 11) were unusual

and has affected the groundwater in the study area. The
precipitation variability has both economic and
environmental implications. The SPI analysis revealed
distinct period of negative and positive values in which
negative values indicate occurrence of drought and
positive values imply no drought.

Study Area SPI
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Figure 11: Standard Precipitation Index (SPI) for Drought intensity assessment of the study area

The SPI results showed that the frequency of dry
periods (severely and extremely dry) increased in the
last decade (Fig.11). There is a possibility of consistent
increase in frequency of dry periods and extreme
temperature occurrence in the near future in the study
area, which could increase the rate of wind erosion in
the area.

Palmer Drought Severity Index (PDSI)

The PDSI results of the study area showed that there has
been an intermittent drought in the study area (Figure

12), but extreme drought were observed in the years of
1988, 1987, 2007, 2008, 2009, 2012, 2013, 2014, 2015
and 2020 (Figure 12). In view of the fact that the
aquifers in the study area are mainly recharged by
rainfall, these drought episodes have obviously affected
the groundwater recharge and potential in the study
area, due to low precipitation during the drought
seasons.
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Palmer Drought Severity Index of the Study Area
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Figure 12: The Palmer Drought Severity Index (PDSI) of the study area

CONCLUSION

This study investigated the impact of drought on
groundwater in Yobe State. Both geophysical and
meteorological data were used to carry out the study.
The geophysical investigation delineated two aquifers in
the study area. The first aquifer is shallow and it might
have been affected by severe and extreme droughts in
the study area. The scond quifer is confined and it is
located at a greater depth where it is secured from the
Earth surface thermal dynamics. The change in the
pattern of rainfall, frequency, intensity and temperature
in the study area had significant impact on the
groundwater resources as they are characterized with
high evaporation and evapotranspiration. Therefore,
understanding the impact of drought on groundwater
will be heplful in overcoming the challenges imposed
on groundwater by climate variability. Finally, the
increased variablity in temperature, evapotranspiration,
and precipitation as observed in the study area will have
divers effects on the aquifers in Yobe State and other
semi-arid areas at large. Considering the stress imposed
on groundwater by drought and other climatic factors, it
is imperative to protect the groudwater resources,
because any small change in groundwater recharge and
discharge will have both environmental and economic
consequences. Based on these reasons, the following are
recommended: there should be more research and
development activities directed toward improving
effective adaptability responses to drought and climate
change in the study area and other semi-arid and arid
regions, in view of the fact that groundwater demand
will increase in the furture due to climate variability,
groundwater monitoring and evaluation should be
encourage to improve the understsnding of both
community and  stakeholders in  groundwater
management, tree planting should be encouraged by
both communities and stakeholders in groundwater

management in order to reduce carbondioxide,
evaporation, and evapotranspiration, boreholes for
domestic and industrial water supply should be drilled
to the second aquifer in the study area to overcome the
challenges of water scarcity and low borehole yield
during drought.

ACKNOWLEDGEMENTS

The authors are grateful to the Nigeria Meteorological
Agency, Nguru station and the Centre for Geodesy and
Geodynamics Toro, for providing the meteorological
data and the geophysical equipment used for this study
respectively.

REFERENCES

Abdulkadir, A., Maryam, L. A., Muhammad, T.I.
(2017). Climate change and its implications on human
existence in Nigeria: a review. Bayero Journal of Pure
and Applied Sciences, 10(2), 152-158.
https://www.ajol.info/index.php/bajopas/article/viewFile
[170772/160195 .

Agada, L.E. (2022). Health Effects of Tropospheric
Ozone in Maiduguri Metropolis, Nigeria.
Communication in Physical Sciences. 8(2), pp. 311-324.
https://journalcps.com/index.php/volumes.

Agada, L.E., & Sonloye, S.A. (2022). Impacts of
Temperature and  Precipitation  Variability in
Northeastern Nigeria. A Case Study of Yobe State.
Communication in Physical Sciences. 8, 2, pp.158-170.
https://journalcps.com/index.php/volumes.

Aguilera, H., Murillo, J. (2009). The effect of possible
climate change on natural groundwater recharge based
on a simple model: a study of four karstic aquifers in SE

170

NJP VOLUME 32(2)

WWW.hjp.nipngr.org


https://www.ajol.info/index.php/bajopas/article/viewFile/170772/160195
https://www.ajol.info/index.php/bajopas/article/viewFile/170772/160195
https://www.ajol.info/index.php/bajopas/article/viewFile/170772/160195
https://journalcps.com/index.php/volumes
https://journalcps.com/index.php/volumes

NIGERIAN JOURNAL OF PHYSICS

Investigation of the Impact of Drought...

Spain. Environ. Geol. 57(5), 963-974.

https://doi.org/10.1007/s00254-008-1381-2 .

Ali, B., Saadun, N., Kamarudin, N., Alias, M. A, and
Nawi, M.N. (2022). Structure and Characteristics of
Fuelwood Supply Chain in Yobe, Nigeria. Jurnal
Manajemen Hutan Tropika, 28(3), 212-220.

Amanchukwu, R. N., ThankGod, A., Nwachukwu, P.O.
(2015). Climate change education in Nigeria: The role
of curriculum review. Education, 5(3): 71-79.
https://doi.org10.5923/j.edu.20150503.01
https://www.researchgate.net/profile/Nwachukwu Princ
e _Ololube/publication/283081778 Climate Change Ed
ucation_in_Nigeria_The Role of Curriculum_ Review/

Agada et al.,

NJP

FAO (2008). A Review of Drought Occurrence and
Monitoring and Planning Activities in the Near East
Region, Food and Agriculture Organization of the
United Nations and National Drought Mitigation Centre
(USA): Cairo, Egypt. Pp.47.

Federal Ministry of Environment of Nigeria (1994). A
report on National Action Program to Combat
Desertification in Nigeria.

Federal Ministry of Environment (2014).  United
Nations  Climate  Change  Nigeria.  National
Communication (NC). NC 2. 2014.

https://unfccc.int/sites/default/files/resource/nganc2.pdf

links/56292¢5508ae518e347¢967b/Climate-Change-
Education-in-Nigeria-The-Role-of-Curriculum-

Review.pdf

Conway, D. (2011). Adapting climate research for
development in Africa. WIRES Climate change, 2(3):
428-450. https://doi.org/10.1002/wce.115

Dettinger, M.D., Earman, S. (2007). Assessing Western
groundwater and climate change pivotal to Supply
sustainability or vulnerable in its own right? Ground
Water, 4(1), 4-5,
https://www.usgs.gov/publications/western-groudwater-
and-climate-change .

Dioha, M. O. and Emodi, N. V. (2018). Energy-climate
dilemma in Nigeria: Options for the future. 1AEE
Energy Forum.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&s
ource=web&cd=108&ved=2ahUKEwihv4iA

Ebele, N. E. and Emodi, N. V. (2016). Climate change
and its impact in Nigerian economy. Journal of
Scientific Research & Reports, 10(6), 1-13.
http://www.journaljsrr.com/index.php/JSRR/article/vie
w/21917/40737 .

Elisha, 1. et al. (2017). Evidence of climate change and
adaptation strategies among grain farmers in Sokoto
State, Nigeria. IOSR Journal of Environmental Science,
Toxicology and Food Technology (IOSR-JESTFT),
11(3), 1-7. http://www.iosrjournals.org/iosr-

Gong, L., Xu, C., Chen, D., Halldin, S., Chen., Y.
(2006). Sensitivity of the Penman-Monteith reference
evapotranspiration to key climate variables in the
changing (Yangtze River) basin. Journal of Hydrology,
329(3), pp. 620-629.

Gosain, A.K., Rao, S. & Basuray, D. (2006). Climate
change assessment on hydrology of Indian River basins.
Current Science, 90(3), pp. 346-353.
https://doi.org/10.1007s10040-013-0968-1

Guo, H., Xu, M. & Hu, Q. (2011). Changes in near-
surface word speed in china. Int. J. Climatol. 31, 349-
358. https://doi.org/101002/joc.2091 .

Hiscock, K., Tanaka, Y. (2006). Potential Impacts of
climate change on groundwater resources: From the
high plains of the U.S. to the flat lands of the U.K.
National Hydrology Seminar.

Hafmann, N., Mortsch. L., Donner, S., K., Kreutzwiser,
R., Kulshreshtha, S., Piggott, A., Schellenberg, S.,
Schertzer, B., Silvizky, M. (2000). Climate change and
variability: impacts on Canadian water, Environmental
Adaptation Research Group, Environment Canada,
Faculty of Environment Studies, University of
Waterloo, p. 120.

IPCC. (2008). Technical paper on climate chnge and
water (Finalized at the 37" session of the IPCC Bureau).
http://www.ipcc.ch/meetings/session28/doc13.pdf

jestft/papers/volllissue%203/Version-
2/A1103020107.pdf

Fan, Y., Miguez-Macho, G., Weaver, C.P., Walko, R.,
Robock, A., (2007). Incorporating water table
dynamics in climate modelling: Water table
observations and equilibrium water table simulations. J.
Geophys. Res. 112, D10125.
https://doi.org/10.1029/2006JD008111

Jasper, K., Calanca, P., Fuhrer, J. (2006). Changes in
summertime soil water patterns in complex terrain due
to climate change. J. Hydrol. 327 (3-4), 550-563.

Koudahe, K., Kayode, A.J., Samson, A.O., Adebola, .A.
A. & Dijaman, K. (2017). Trend analysis in
statndardized index in the context of climate change in

171

NJP VOLUME 32(2)

WWW.hjp.nipngr.org


https://doi.org/10.1007/s00254-008-1381-2
https://doi.org10.5923/j.edu.20150503.01
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://www.researchgate.net/profile/Nwachukwu_Prince_Ololube/publication/283081778_Climate_Change_Education_in_Nigeria_The_Role_of_Curriculum_Review/links/56292c5508ae518e347c967b/Climate-Change-Education-in-Nigeria-The-Role-of-Curriculum-Review.pdf
https://doi.org/10.1002/wcc.115
https://www.usgs.gov/publications/western-groudwater-and-climate-change
https://www.usgs.gov/publications/western-groudwater-and-climate-change
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=108&ved=2ahUKEwihv4iA%20
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=108&ved=2ahUKEwihv4iA%20
http://www.journaljsrr.com/index.php/JSRR/article/view/21917/40737
http://www.journaljsrr.com/index.php/JSRR/article/view/21917/40737
http://www.iosrjournals.org/iosr-jestft/papers/vol11issue%203/Version-2/A1103020107.pdf
http://www.iosrjournals.org/iosr-jestft/papers/vol11issue%203/Version-2/A1103020107.pdf
http://www.iosrjournals.org/iosr-jestft/papers/vol11issue%203/Version-2/A1103020107.pdf
https://doi.org/10.1029/2006JD008111
https://unfccc.int/sites/default/files/resource/nganc2.pdf
https://unfccc.int/sites/default/files/resource/nganc2.pdf
https://doi.org/10.1007s10040-013-0968-1
https://doi.org/101002/joc.2091
http://www.ipcc.ch/meetings/session28/doc13.pdf

NIGERIAN JOURNAL OF PHYSICS

Investigation of the Impact of Drought...

Southern Togo. Atmosphere and Climate Science, 7, pp.
401-423.

MacDonald, A.M., Bonser, H.C., Dochartaigh, B.E.O.
& Taylor, R.G. (2012). Quantitative maps of
groundwater resources in Africa Vol.7 (Institute of
Physics Publishing).

Madu, I.A. (2012). Spatial Vulnerability of Rural
Households to Climate Change in Nigeria: Implications
for Internal Security. The International Journal of
Climate Change; Impacts and Responses. Vol. 3 Issue
4, pp. 79-97.

MCkee, T.B., Doesken, N.J. & Kleist, J. (1993). The
relationship of drought frequency and duration to time
scale. In: Proceedings of the 8" Conference on Applied
Climatology, 17-22 January, Anaheim, CA, USA, pp.
179- 183.

Matemilola, S. (2019). Mainstreaming climate change
into the EIA process in Nigeria: Perspectives from
projects in the Niger Delta Region. Climate, 7(2), 29.
https://doi.org/10.3390/cli7020029

Mondal, A., & Mujumdar, P.P. (2014) Return levels of
hydrologic droughts under climate change. Advances in
water Resources.
https://doi.org/10.1016/j.advwatres.2014.11.005

Nigerian Meteorological Agency, (2021). State of the
climate in Nigeria. Publication of the Nigerian
meteorological agency, National Weather Forecasting
and Climate Research Center, Nnamdi Azikwe
International Airport, Abuja. 1-46.

Roderick, M.L., Rotstayn, L.D., Farquhar, G.D., &
Hobbins, M.T. (2007). On the attribution of changing
pan evaporation, Geophys, Res. Lett., 34, L17403,
https://doi.org/10.1029/2007GL031166 .

Sayne, A. (2011). Climate change adaptation and
conflict in Nigeria. Washington, DC: USIP.
https://www.usip.org/sites/default/files/Climate_Change

Nigeria.pdf

Sheffield, J., Wood, E.F. & Roderick, M.L. (2012).
Little change in global drought over the past 60 years,

Agada et al.,

NJP

Usman, M.1. and Agada L.E. (2024). Impact of Climate
Change on Groundwater Resources in a Semi-arid
Region: A Case Study of Damaturu, Yobe State.
Communication in Physical Sciences. 11(3), pp. 450-
462. https://journalcps.com/index.php/volumes .

Solomon, S.C.M, Qian, L. & Roble, R.G. (2015). New
3D simulations of climate change in the thermosphere,
J.  Geophys. Res. Space Physics, 120, 2183
https://doi.org/10.1002/2014JA020886 .

Taniguchi, M. (2002). Estimations of the past
groundwater recharge rate from deep borehole
temperature data. Catena 48 (1-2), 39-51.

Tanaka, S.K., zZhu, T.J., Lund, J.R., Howitt, R.E.,
Jenkins, M.W., Pulido, M.A., Tauber, M., Ritzema,
R.S., Ferrira, 1.C. (2006). Climate warming and water
management adaptation for Califorrnia. Clim. Change
76, 361-387.

Thomsen, R. (1989). The Effects of Climate Variability
and Change on Groundwater in Europe, Conference on
climate and Water. Academy of Finland, Helsinki,
Finland, pp. 486-500.

Tylor, R. G. Koussis, A. D., Tindimugaya, C. (2009).
Groundwater and Climate in Africa- a review.
Hydrological Sciences Journal. 54(4), pp. 64-65.

USGS (2018). Drought and Groundwater Level, United
States Geological Survey.
https://www.usgs.gov/special-topics/water-science-
school/science/drought-and-groundwater-levels .

Villholth, K.G., Tottrup, C., stendel, M. & Mahery. A.
(2013). Integrated mapping of groundwater drought risk
in the Southern Africa Development Community
(SADC) region Hydrogeol. J. 21, 863-885.
https://doi.org/10.1007/s10040-03-0968-1

Wan, H.,, Wang, X., L. & Swail, V.R. (2010).
Homogenization and trend analysis of Canadian near-
surface wind speeds. J. climate, 23, 1209-1225.
https://doi.org/101175/2009JCL 132001 .

World Health Organization (2023). We must fight one
of the world’s biggest health threats: Climate Change.

Nature, 491 (7424), 435-438,  https://www.who.int/news-
https://doi.org/10.1038/nature11575 . room/commentaries/detail/we-must-fight-one-of-the-
world-s-biggest-health-threats-climate-change .
172

NJP VOLUME 32(2)

WWW.hjp.nipngr.org


https://doi.org/10.3390/cli7020029
https://doi.org/10.3390/cli7020029
https://doi.org/10.1016/j.advwatres.2014.11.005
https://doi.org/10.1029/2007GL031166
https://www.usip.org/sites/default/files/Climate_Change_Nigeria.pdf
https://www.usip.org/sites/default/files/Climate_Change_Nigeria.pdf
https://www.usip.org/sites/default/files/Climate_Change_Nigeria.pdf
https://doi.org/10.1038/nature11575
https://journalcps.com/index.php/volumes
https://doi.org/10.1002/2014JA020886
https://www.usgs.gov/special-topics/water-science-school/science/drought-and-groundwater-levels
https://www.usgs.gov/special-topics/water-science-school/science/drought-and-groundwater-levels
https://doi.org/10.1007/s10040-03-0968-1
https://doi.org/101175/2009JCL132001
https://www.who.int/news-room/commentaries/detail/we-must-fight-one-of-the-world-s-biggest-health-threats-climate-change
https://www.who.int/news-room/commentaries/detail/we-must-fight-one-of-the-world-s-biggest-health-threats-climate-change
https://www.who.int/news-room/commentaries/detail/we-must-fight-one-of-the-world-s-biggest-health-threats-climate-change

