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ABSTRACT

This study aims to determine a relationship between power generation and hydroclimate elements.
The Mann-Kendall test, Sen’s slope tests, Pearson’s correlation and linear regression have been
used for data analysis. The results of monthly hydroclimate elements showed mixed increasing and
decreasing trends. The annual rainfall, maximum and minimum temperature showed an increasing
trend, while evaporation showed decreasing trends. The annual inflow and outflow showed
significantly increasing trends, while reservoir elevation showed a significant decreasing trend. The
annual hydropower generation showed a non-significant increasing trend implying power
generation has risen over the years. The Pearson’s correlation results showed a positive
relationship between rainfall, hydropower generation while other climate elements showed a weak
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negative relationship. This relationship implies that climate factors play an insignificant role in power
generation at Jebba dam. However, the consistently increased temperature trends in the Jebba
dam could indicate climate variability and change. Contrary to other studies, we concluded that
climate might not significantly influence hydropower generation at Jebba dam, Nigeria. Although
continuing climate studies are encouraged, we recommended that authorities focus more on other

factors for optimum power generation.
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1. INTRODUCTION

The world is withessing an increasing population
and industrial development. The rise in world
population and industrial development has
increased energy demands [1]. Hydropower is
viewed as the cheapest and cleanest energy
source to meet the electricity world’s increasing
needs. Khaniya et al. [2] opine that hydropower
is the most reliable, leading renewable source for
global electricity generation for the world’s
electricity demand. However, water resource that
drives hydropower is affected by climate change
worldwide [3].

Similarly, Gaudard et al. [4] suggest that
hydropower’s significant impact as the electric
system is likely to be affected by climate change.
Climate change and Vvariability impacted
precipitation and runoff in many parts of the
world, which served as the inflows to surface
reservoirs at hydropower plants [5]. Besides, Van
Vliet et al. [6] established statistically significant
impacts of drought years on hydropower.
Furthermore, Spalding-fecher et al. [7]
established that hydropower production in the
Zambezi could decline under a drying climate.
Furthermore, Mtilatila et al. [3] opine that
climate change’s hydrological effects vary from
region to region. The previous studies are,
therefore, in consensus that climate change
impacts  hydropower  generation.  Finally,
Sanhueza et al. [1] suggest that achieving
sustainable  development of hydroelectric
resources is hinged on understanding availability,
variability, and the expected impacts of climate
change.

The quest for economic development and a rise
in urban population has increased the need for
power in Africa [8]. Like other developing
countries, hydropower is the dominant energy
source in Africa [8]. However, climate change
has affected water availability that influences
hydropower generation in Africa [9]. One of the
surest ways of achieving energy sufficiency in
Africa and other developing countries will depend

on those countries’ ability to utilise the available
water resources [10]. Therefore, understanding
the effects of climate change on hydropower
generation is vital for nations’ economic
development in Africa.

Previous studies agree that climate change has
impacted hydropower generation [11-15].
However, researchers have rarely studied
hydroelectric generation responses to climate
elements after eliminating other factors in Jebba
dam, North-Central Nigeria. Many studies
focused on climate variability and the Kainji dam
[16-18]. Some studies focused on the
hydropower dam and resettlement communities
[19,20]. Other studies focused on the relationship
between power generation and reservoir inflow
[21-23]. Generally, the impacts of climate
changes on hydropower generation in Jebba
dam, North Central Nigeria, is rarely studied.
Therefore, this study analysed the trends and
quantified hydropower generation fluctuation to
key climate indicators in Jebba dam, North
Central Nigeria. The implication of findings in this
study could be applied to areas in West African
sub-regions that share similar climatic
characteristics.

In this study, possible effects of climate change
on hydropower generation in the

2. METHODS
2.1 The Study Area

The construction of the Jabba dam in North-
Central Nigeria was in the year 1984. The dam
construction led to the evacuation and
resettlement of 6,000 rural dwellers [22]. Jebba
dam range from latitude 9° 35" and 9° 50°N and
longitude 4° 30" and 5° 00" E (Fig. 1). The dam is
about 550 miles (885km) from the sea. It is
located on the south bank and at the natural
head of navigation in the Niger State. It has an
estimated surface area of 303km2. The dam was
constructed as a tailwater dam to harness Kainji
Dam'’s outflow for additional power generation.
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The latitudinal location of the Jebba dam
supported a humid climate. The climate alternate
between wet and dry season in response to
changes in maritime and continental air masses’
patterns. The onset of rainfall in the Jebba
watershed is from May. From May to July, the
annual rainfall varies from 280-300mm. The
rainy season peak between August to September
(400mm) within the Jebba dam and its environs.
The creation of the dam has modified the relative
temperature of the catchments areas. The dam
makes the temperature different further away
from the dam. The climate pattern made
agriculture a significant prevailing economic
activity of rural inhabitants around the dam.

2.2 Data Used

Monthly rainfall data, evaporation, temperature,
reservoir inflow, outflow, and reservoir elevation,
for 30 years (1988-2017) were acquired from the
archive of hydrological unit of Jebba Dam. The
monthly energy generated was acquired for 20
years (1998-2017) from the power generation
unit Jebba Dam. The data were checked for
quality control, and a single climate data was
missing.

2.3 Data Analysis
2.3.1 Trend analysis

We subject the climate elements and the
infow/outflow data to the Mann-Kendall test
(Mann, 1945; Kendall, 1975). The Confidence
levels of a= 0.001, 0.01, 0.05, and 0.1 were
taken as a starting point to classify the
significance of upward and downward trends.
Several studies have adopted the Mann-Kendall
(MK) test as a standard in climate data trends
analysis for example [24]; Soro et al. 2016; [25];
Abatan et al. 2018; Ibrahim et al. 2020; [2]. We
computed the MK as hereunder:

W =3 ;'l=k+1 sign(x] - xk) (1)
Where:
1if () — x) > 0
sign( = x,) =4 0if (g — x) = 0 @
—1if(x; — x,) < 0

n(n-1)(2n+5)-%i, tj(tj—1)(2t;+5)
18

VAR(S) =1

3
Where:

n is the number of data points
t; is the number of ties for the i value and

m is the number of tied values (a tied group
is a set of sample data having the same
value)

Then Equation 1 and 2 is used to compute the
test statistic Z from the following equation:

w-1 .
(\/T(S) 1fS>O\
Z=i0 ifS=0 (4)

S+1 .
\/T(S) ifS<O0

A positive value of Z is classified as an upward
trend and a negative value as a downward trend,
while zero value indicates no trends.

2.3.2 Magnitude of changes

Sen’s slope estimator developed by Sen [26]
analysed the magnitude of climate change and
generated energy variables. Sen’s slope method
is considered robust in estimating a trend’s
magnitude [27]. Therefore, the method has been
preferred above other regression slope methods
in climate and hydrologic studies [28,29]. We
computed the magnitude of trend following the
study of [30]:

xj—xk
Jj-k

ﬁ:Median( )Vk<j (5)

Where:

p is the slope between data points x;and x;
xj, x is the data values at times j and k, j>k,
respectively.

MAKESENS 1.0 software developed by the
Finnish Meteorological Institute was used to
analyse the trends and their magnitude of
changes.

2.3.3Relationship of power generation and
hydroclimate variables

Lobell & Burke [31] developed a method for
analysing the crops-climate relationship. The
method assumed that crop vyields have a
confounding influence on non-climatic factors
such as management practices. The authors
suggested using a first-difference time series to
eliminate the influence of non-climatic factors
such as crop management on crop climate
relationship (the difference in values from one
year to the next). Power generation is influenced
by both climate and non-climatic factors (change
in management practices). This study adopted
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Lobell & Burke [31] to analyse the relationship
between energy generated and climate variables.
We calculated the first-difference time series
(the difference in values from one year to the
next) for energy generated (Ay) and one type of
climate variable (Ax). Then, the relationships
between Ay and Ax were evaluated using
Pearson’s correlation coefficient and simple

linear regression. The regression model is
formed as:

Ay =alAx +b (6)
Where:

Ay is the first difference of energy generated
at the dam
Ax represents climate and hydrological
elements.

Many studies have used the adopted method
[32-36] as a standard in climate-crop yields
relationship. This method departs from previous
studies [37,16], using raw climate data for
correlation analysis.

3. RESULTS AND DISCUSSION

3.1 The Trend and Magnitude of Change
in Climate Variables

Table 1 represents the trend and magnitude of
change in climate variables. Each year, the
monthly rainfall was taken from March to
October, representing the study area’s rainy
season. The results showed non-significant
positive trends in rainfall in July, September, and
October. Findings also showed a non-significant
negative trend in March, May and June. Kachaje
et al. [38] also reported a mixed trend in monthly
rainfall in the Lujeri micro hydropower scheme,
Malawi. Tiezzi et al. [15] suggested that rainfall’'s
negative trends could lead to a loss of generation
capacity as rainfall directly influences river flow, a
fundamental factor in hydropower generation.
The trend in April showed no change. Generally,
the annual rainfall showed a non-significant
positive trend. The general positive trends
indicate that those months with negative trends
were counter by months of positive trends. The
general trends in rainfall could indicate running
water availability for increased hydropower
generation. However, Mulumba et al. [39]
suggested that such a positive trend could mean
more extreme climate events, raising the
probability of seeing the dramatically affected

hydropower system. The rate of change in
annual rainfall showed 3.45mm per year. The
positive trend in rainfall is contrary to the finding
of Machina & Sharma [17]; Jong et al. [40], that
reported a declining rainfall in Kainji dam Nigeria
and Brazil's S&o Francisco River. The
inconsistency in the findings worldwide could
suggest an influence of the local climate in the
rainfall system.

The maximum temperature showed general
positive trends in all months except August,
where a negative trend was detected. The study
detected significant positive trends in January,
July, November and December. The general
pattern in  monthly maximum temperature
indicates that those months with significant
trends coincided with months in the dry season
except for July. The annual maximum
temperature showed a significant trend. The
trend indicates that the maximum temperature
has changed at 0.45°C per year in the
reservoir. This rate of change is a pointer to

climate change. The minimum temperature
showed general significant positive trends
from January to December. The annual

temperature also indicates a significant positive
trend with 1.17°C as the rate of change per year.
The rate of temperature change is a pointer to
climate change. According to Wang et al. [41],
this could increase hydropower generation
vulnerability. The findings of positive change in
the maximum and minimum temperature are
consistent with the findings of Machina & Sharma
[17], Nepal (2016) and Bunyasi [42]. Their
studies found an increase in maximum and
minimum temperature in the Kainji dam in
Nigeria, the Koshi river basin in the Himalayan
region and Masinga Reservoir, Kenya. Miguel et
al. [43], on their part, found a significant
increase in temperature between October-
March  for  hydropower  generation in
Mozambique.

The evaporation results showed negative trends
across all the months in the reservoir. February,
June, July, August, October and November
indicated significant negative trends while other
months showed non-significant negative trends.
The annual trend of evaporation showed a
significant trend with -0.81 as the rate of change
per year. The negatives trends imply that more
water is available in the reservoir for power
generation. However, this finding was
unexpected as an increase could ordinarily have
resulted in higher evaporation.
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Fig. 1. The Jebba Hydrological Dam in Nigeria

Table 1. Mann—Kendall and Sen’s slope results for monthly and annual climate elements

Rainfall Maximum Minimum Evaporation
Temperature Temperature

z g z B z B Z B
Jan 1.82+ 0.05 2.43* 0.06 -1.12  -0.04
Feb 1.50 0.00 3.29** 0.13 -2.36* -0.09
Mar -0.88 0.00 1.63 0.00 4.06*** 0.10 -0.04 0.00
Apr 0.00 0.00 0.97 0.00 3.22* 0.08 -0.21  -0.02
May -1.14 -1.55 0.63 0.00 4.36** 0.09 -1.32 -0.06
Jun -1.03 -1.51 0.63 0.00 2.98* 0.06 -1.78+ -0.05
Jul 0.93 1.39 2.06* 0.00 4.43** 0.08 -1.71+ -0.06
Aug 1.86+ 3.97 -1.27 0.00  3.91** 0.05 -3.21** -0.13
Sep 0.75 0.96 0.37 0.00 4.36** 0.10 -0.75 -0.02
Oct 0.36 0.50 2.00 0.00 4.85%* 0.09 -2.09* -0.09
Nov 1.85* 0.00 3.85%** 0.13 -2.00* -0.05
Dec 1.43+ 0.00 2.37* 0.06 -0.27 0.00
Total 1.39 3.45 2.11* 0.45  4.50*** 1.17 -2.53* -0.81

***Significant trend at a = 0.001, ** Significant trend at a= 0.01,
* Significant trend at a= 0.05, + Significant trend at a= 0.1
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3.2The Trend and Magnitude of Change
in Hydrological Variables

Table 2 represents the trend and magnitude of
change in hydrological variables and energy
generation. The inflow showed a general
consistent significant positive trend across all
months. The inflow increase is inconsistent with
Bunyasi [42]; Vicufia et al. [44] finding that
reported an inflow decline in Masinga Reservoir,
Kenya and the Upper Colorado River Basin,
California. The annual inflow also showed a
significant positive trend with 211.41as the rate
of change per year. The outflow showed general
positive trends across all months in the study
periods. Except for June, July and August that
indicated non-significant trends, other months
showed significant trends. The annual outflow
showed a significant positive trend with 216.52
as the rate of change per year. This result
implies that for any rate inflow of water from rain
and other tributaries into the dam, there is an
equivalent of water discharged from the dam. A
consistent significant negatives trend were
detected from the reservoir elevation for all
months, except for October, where the non-
significant negative trend was detected. The
annual rate of change in reservoir elevation was -
0.50 per year. The reservoir elevation trend is
unusual as the increasing water inflow could
have meant a higher reservoir elevation. The
possible interpretation could mean that the rate
of outflow has been greater than the rate of
inflow.

The hydropower generation showed mixed
monthly trends of positive and negative. January,
August and September showed non-significant
negative trends. At the same time, other months
showed non-significant positive trends except for
November, where a significant positive trend was
detected. The general annual trend showed an
increasing power generation over the study
periods. The trend in power generation is
contrary to Khaniya et al. [2], who found a
decreasing trend in power generation at
Denawaka Ganga mini-hydropower, Ratnapura
district, Sri Lanka.

3.3 Relationship Between Hydroclimatic
Variables and Power Generation

Table 3 represents the Pearson’s correlation
coefficients (PCC) of hydroclimatic variables and

power generation time series based on the first-
difference operation. The correlation range from
negative to positive. Except for rainfall, which
shows a positive relationship with power
generation, the maximum temperature (Max
Temp), minimum temperature (Min Temp) and
evaporation (Evap) showed a negative
association with power generation. The P-Values
of climate variables are greater than the
Alpha values of 0.05, implying the non-significant
relationship. On the other hand, the hydrological
variables of inflow, outflow and reservoir
elevation showed a positive relationship with
power generation. The findings are
consistent with Joseph et al. [45]; Kachaje et al.
[38], which found positive correlations between
the reservoir inflow, outflow and the power
generation in Jebba dam and Lujeri hydropower
scheme in Malawi. The similarity in correlation
results is an indication that the hydropower
generation in Jebba dam has had a long
term relationship with the hydrological variables.
Except for the inflow P-Value that is less
than Alpha value implying a significant
relationship, other hydrologic variables
showed a non-significant positive relationship
[46-48].

Fig. 2 represents a scattergram of how power
generation varies with climatic variables. Fig.
2(a) indicates that rainfall increases
power generation increases. Figs. 2(b,c&d) show
an inverse relationship between power
generation with maximum temperature, minimum
temperature and evaporation. The previous
study by Tiezzi et al. [15] suggests a loss of
power generation attributed to negative
rainfall anomalies. They argued that rainfall has a
direct relationship with inflow, which is
fundamental to hydropower generation. In
addition, temperature and evaporation are
understood to have a direct positive relationship.
The finding implies that more water from the
reservoir will escape into the atmosphere as the
temperature rises, affecting power generation
[49,50].

Fig. 3 represents a scattergram of how power
generation varies with hydrologic variables.
Fig. 3 indicates that as all the three hydrologic
variables (inflow, outflow and reservoir elevation)
increase, the power generation increases.
However, of the three hydrologic variables, inflow
shows a more direct relationship.
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Table 2. Mann—Kendall and Sen’s slope results for monthly and annual hydrological elements

Inflow Outflow Elevation Energy

z B Z B Z B Z B
Jan 2.68** 19.89 2.71* 17.30 -3.37%**-0.07 -0.29 -454.33
Feb 3.02** 20.83 2.89** 21.44 -2.07* -0.06 0.00 8.00
Mar  3.59** 22.14 3.62*** 22.06 -2.82** -0.06 1.14 2042.11
Apr 3.44** 16.84 3.71** 18.29 -1.94+ -0.04 0.68 1576.00
May 2.84* 15.80 2.75** 18.50 -2.27* -0.06 1.20 2509.24
Jun 1.68+ 11.86 1.62 11.32 -2.05* -0.05 0.36 896.72
Jul 1.78+ 11.62 1.57 10.25 -2.91** -0.07 0.23 658.29
Aug 1.71+ 16.25 1.39 1231 -1.68+ -0.04 -0.68 -2600.67
Sep 2.03* 34.72 1.82+ 30.75 -1.23  -0.02 -0.49 -886.67
Oct 2.00* 29.43 1.86+ 28.95 0.16 0.00 0.16 676.49
Nov 2.78** 18.83 3.00** 19.54 -0.39** -0.01 2.04* 4697.69
Dec 2.00* 10.72 2.62** 12.92 -3.12** -0.06 0.23 623.94
Total 3.14* 211.41 3.14** 216.52 -2.78 -0.50 0.16  2751.89

***Significant trend at a = 0.001, ** Significant trend at a= 0.01,
* Significant trend at a= 0.05, + Significant trend at a= 0.1

Table 3. Pearson’s correlation coefficients (PCC) of hydroclimatic variables and power
generation time series

Variables PCC P-Value Alpha
Rainfall 0.124 0.612 0.05
Max Temp -0.129 0.599 0.05
Min Temp -0.272 0.26 0.05
Evap -0.328 0.171 0.05
inflow 0.464 0.045 0.05
Outflow 0.452 0.052 0.05
elevation 0.234 0.335 0.05

4. CONCLUSION

We carried out the Mann-Kendall test and
Sen'’s slope estimator tests to find the trends and
relationship in hydroclimatic elements and the
hydropower generation at Jebba dam. In
addition, we carried out the first difference to
eliminate the influence of non-climatic factors
(change in  management practices) on
hydropower generation. Some conclusions are
as follows: The monthly hydroclimatic elements
showed mixed increasing and decreasing
trends. The annual rainfall, maximum and
minimum temperature showed an increasing
trend, while the annual evaporation values
surprisingly showed decreased trends. The
annual inflow and outflow showed significantly
increased trends. In contrast, reservoir elevation
showed a significantly decreased trend, implying
the outflow rate was greater than the inflow. The
annual hydropower generation showed a non-
significant increasing trend over the study
periods. There has been a consistent increase in
temperature over the study periods implying
the Jebba dam is under climate change. Except

for rainfall which shows a positive relationship,
the climate elements showed a weak
negative relationship while all the hydrological
elements showed a positive relationship with
hydropower generation. The climate elements

and power generation relationship indicate
that climate plays an insignificant role in
power generation at Jebba
dam.
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