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* Abstract = - -

— —

This study examined the effect of weather variable on reservoir inflow for hydro-electric. power generation in
Jebba Dam, Nigeria. The study utilized monthly rainfall, temperature, evaporation, reservoir inflow and outflow
from 1993 t0 2017. The study objectives were achieved by analysing mean annual trend of rainfall, temperature,

€vaporation, reservoir flows, for 25 years. Hypothesis was tested for relationship between the weather variables =
(rainfall, temperature, evaporation) on the amount of reservoir inflow, while_the effect of res_ﬂrvuir inflow, and '_
-reservoir outflow on.the amount of energy generated was tested-using correlation coefficient at 5% significant r

level. The amount of energy generated for the period of study was analysed on monthly basis to know the season '
more electricity was generated. From the study it reveals that the month of March generate more electricity of
(273724 mwh) and the lowest in the month of July (155098mwh). All the weather variables show an increasing
trend, while the reservoir inflow pattern exhibit fluctuations at various levels. The results also revealed that
rainfall, temperature, evaporation, has a direct effect on the reservoir inflows and subsequently on dam lewels and !
also that r€servoir inflow, and outflow have strong relationship with the amount of energy generated which signify |
that climate variability has a big impact on reservoir inflow and energy production. It was recommended that

future hydropower plant investments in the country should take careful consideration into the climatic variables
impact on the potential for energy generation,

Keywords: Reservoir inflow, reservoir outflow, temperature, evaporation, rainfall, hydroelectric power

generation

1. Introduction

#
Water is a vital resource to support life on earth, Unfortunately, it is not evenly distributed over the world hyv

season or locatien; it is also a critical limiting factor for economic and social development in many parts of the
world. (Gleick et al., 2009; World Bank, 2006). One of the most efficient ways to manage water resources for

human needs is by the construction of dams that create reservoirs for storage and future distribution (ICOLD.
1999; Asmal, 2009). | | ' .

- .

PR 5

- - o

- A
i 8, - - - i o |
- = s & - - By - o — — B R — - - - - - - _.-.__‘. '-_i S 3y
- - 5 - T = S — — = - -3

L d -

Nigeria as a nation has more than four decades of histor

i : y on hydro-electric power devr:lﬂpmr;nt in Africa South
of Sahara starting with the Kainji Dam on the lower p |

art of River Niger. The primary pu ' .
. ;{Jebba, Kainji on River Niger and Shiroro an River Kaduna) was to e engimré{fw?}?:;gf;iiiin
- This role has been performed creditably well by supplying not only Nigeria but Ao tHos E“rleighboringi'ﬁﬁﬁﬁlfﬁ' =4
for which River Niger is a common wealth, with the needed energy to power the growing economy. In tﬁiﬁpﬁ.-:

we are concern with the hydro electric power generation dam. the reservoir and climatic elements thatar
interest are rainfall, Evaporation, temperature and reservoir inflow and outflow AR e

2. Literature Reviews ]

Kabo-Bah, ef al. (2016) studied Multiyear Rainfat and Temperature Trends in the Vouakmrgm!,&,; nd

o nual Impact on Hydropower Generation in Ghana. The effects of temperature and rainfall changs
hydropower generation in Ghana+rom 1960-2011 were examined to understand country-wide trends of climate
vanability. Moreover, the discharge and the water level trend s for the Akosombo reservoir from 1965-2014 v

Py P TR o L T e T e O e S e . s © R R E e o b el B b ST L AL By s
examined using the Mann-Kendall test statistic 1o assess localized changes. The annual temperature tr
- positive while rainfall showed both negative and positive trends in different sarte of the Coe b orre
L 'TI. .':._'_;r;.- :"."': = --5.:".'-".:!-*:‘_.5".“?_-'-‘..'_ -";5_?.-:- __-'._il-':-_:l.'-i'-" _ ll-:l_-.""l 'iﬁgﬂiﬁ.,%&g{d:;f;ﬁ_flﬂ A -b%!?!:':":.}'i.a Hi;l Irﬁ?&j}ﬂiﬁ ;ﬂlﬁﬁ.:?rz}ﬂaﬁ—: v -

: ] . "o Ll ]
S WAETE DOL Slatisically sign A
. - __. f- A i -

thicant in the study regions in 1960 to 201T. Rainfall was

i yea *;%%Fﬁﬁﬁ'ﬂiﬂ‘ﬁ st rainfall recorded between 1960 and 1970 and the | IS Betwes

g
1

: 'I 1" e p_d"n '. PR bl e _' - : o . St "
downward trend for the water level. However, e diséharge irregul

Tested sy clrated fromsthe Akssombo piani,
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) Elh “5‘“3 Pearson Product moment correlation co-efficient using Statistical Package for Social
| S) Vﬂslon 20.0 software package. The test was tested at 0:05 level of significance.

%ﬁ wa Discussion
ﬂm f’ Habtﬁ of rainfall trend over the study area

" ‘4 e trnnd in figurel shows that rainfall in the study area has been fluctuating and the pattern shows gradual
i 2 ~ increase owver the years reaching its zenith in the year 2043 with 122.20mm, although there is also a wide range of
l;ﬂmr.t‘uﬂhﬂtﬂ in=the amount of rainfall ranging from the lowest which is the year 2009, 2005, and 2006 with

;7?? 81mm, 78. 10mm, 81.07 respectively. With an increase in 2016, 2003, and 2000 with abuut 115.35mm.
Sl 54‘mm 103.38 accordingly. The study area.does not seem to have a major shortage in amount of rainfall as

_ ‘shnwn in figure 1 Vo - =
kS . | v 0.6271x- 11647 i
‘_‘--"?l;ﬁ -' 2 j.!._".m‘-nﬂ - ¥ R®=0.1516
i ] | - 120 00 ). - g L e
Ittt | & 100.00
B 0.00 _ -

£ 60.00 = ; g
€ 30.00 >
n 20.00
I:" U‘DG : y : ;
N = 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
_ Years
= Rainfall = -oceeeees - Lincar (Rainfall) | Y
: Figure 1: Mean Annual Trend of Rainfall in Jebba Dam (1993 to 2017). = L e
A Source: Authors’ Data Analysis, 2019. SRR P e =
#’ ZAna{ysts of remperar:;re trend over the study area SR T, et

1 S

o tcmpcra‘ture nf the study area has been on the increase and has been fluctuatin g, with the ]owast armgal”&:* d
- intheyear 1993, 1994, 1995, and 1997 with 28.58°C, 28.63°C, 28.75°C, 28.71°C, r:spectw:liy sm‘* g '

{in d__*__. s

!rdﬁop tq}l“C bglnw averagc With the increase starting from 29. 04°C year 1999 reachmg mh
-30-2 .;,'.'-_ ﬂﬁsﬁmu coutd-beas a-rﬁsﬂh-af-dl-mmw:hange: An mcrease intempe

Jrgﬁze and it is also capablc of increasing precipitationi which: mI@iJIﬂd t’tu*ﬂ vodi "_ -3 M "

u ;g; ind reakdm of eqy:pmen_t re‘qu:rr:d fnrﬁeiectnmty generatmn Thwﬁm prove
,gamm&w o4 - s L PR
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gure 2: Mean Annual Trend of Temperature in Jebba Dam (1993 to 2017)

Source: Authors’ Data A '

: - . nalysis, 2019.
4.3 Analysis of evaporation trend over the study area }"
The €vaporation in the study area has bee
Increased evaporation rate of about |

n fluctuating though not too significamt because at the year 2002, despite
period the station was still able to gen

9.45mm, which mark the highest amount of evaporation within the study
compared with th erate an annual mean power generation of 173869.3mwh which is high when

il average amount the station has been generaftng using the time frame of study. Similarly, the
rate of evaporation in the year 201 dropped sharply to an average of 16.16mm and the power generated was still
about 213942 Smwh whiclfis above

_ average. Also, the average evaporation for 2012 is 16.19mm while the arncfun'l' ot
of power generated in 2012 is among the highest with the figures of about 224478.4mwh in the period of time

under study. High rate of evaporation is capable of reducing the amount of water in the reservoir, thereby resulting
to shortage in power generation. Though, it can cause iﬁ?;r;:mt:nl in precipitation, Cole. Elliott and Strobl (2014)

also observed that the greatest loss of potential water resources from hydroelectric facilities comes from the
evaporationf water from the surface of reservoirs. - ’

- e
= -

30,00 y = -0.1034x + 225.1

AR,

R== ().590]
20.00 A

mm)

10.00

il

(.00

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 R

Fvaporation

Y Celi ™

— lvaporallon  seseeeees | incar (Evaporation)

Figure 3: Mean Annual Trend of Evaporation in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019.

4.4 Analysis of Trends in reservoir inflow over the study area

Figure 4 shows the Trend of reservoir inflow in the study area for the period of twenty five years (]99'3-_2017}.

reservoir inflow pattern which has been within and out of the country. It IS important to note Lh‘at reservoir inflow
~ in Jebba dam is a major factor that determine the amount of power generated. In river Niger in Jebba. The flow

regime of the River Niger below the Jebba dam is governed by the operations of the Kanji and Jebba. The study

reveals that the reservoir inflow exhibit a negative trend though with various degrees of fluctuation from the year

1993, which recqrd the Jowesy jp0aw with abaatinflaw of 714.166. And with much incregment in-the second-year -~- -2 - ——-.

of the study period 1994, with an inflow of 1287.333 and a sudden decrease in 1996, and 1997 with inflow of this

934.6667. and this 915.75 respectively while year 1998 to 2017 exhibit tremendous increase at various levels.
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Figure 4 Mean Annual Trend of Reservoir Inflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019,
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4.5 Analysis on the Effect 0

[ Weather Variables (E ' ’ T
: S (Evaporation, Rainfall, and Temperature) on the
Reservoir Inflow Pattern s 4 ) ;

: Table 1: Correlation between Rainfall, Temperature and Evaporation on Reservoir Inflow
Variables |

-

: Rainfall Temperature _  Evaporation
Reservoir Inflow Pearson 467 301 -.326
Correlation
Sig. (2-tailed) 019 144 2
N *25 25 . 2D

__ ¥ .Correlation’is signiificant at the 0.05 level (2-tailed).

Table 1 show that the correlation between rainfall and reservoir inflow is 0.467* thig shows that there IS 2 positive
significant relationship between rainfall and reservoir inflow which signify that an increase in rainfall will lead to
increase in the amount of water which will be available for energy generated and vice versa.

Temperature also shows it in positive direction with the r value betweer temperature anq reservoir lpﬂnw in the
study area been 0.301. This implies that it is positive but not very strong at 0.05 level Ufmgnl_ﬁﬂ:':\ﬂl- since climate
change will certainly increase global air temperature, At first glance, increased global precipitation would HPTE"
to suggest more water available for hydroelectric power production. However, higher temperatures will lead to
increased evapotranspiration levels thus reducing the runoff (Harrison ef al., 1998).

; : : : . . renificant
evaporation shows it have strong negative correlation relationship-with reservoir ’”ﬂ“w at 0.05 level 51%!1{:;'133”(]
as the r value between them is -0.326 which indicate a strong negative relationship between Evaporall

in the ! ' in th Servoir
reservoir inflow. This means an increased in the amount of evaporation will lead to decrease in the re
inflow but not statistically significant.

4.6 Analysis of mean monthly inflow and mean monthly outflow

The summary of mean monthly reservoir inflow, and outflow on .[h? study area is pr{.:sentcd in ﬁg}:nret_ﬁ ;ndwﬁjﬁz
6 respectively during the 25years of the study. The peak reservoir inflow occur .?lunng the mont f:n [ ep o
which is 2058.2 m3/s and October with 1989.84m3/s, and the low flow occur during the months of July an in;rw:
with values of 843.16m3/s and 897.28 m3/s respectively, also from January to may, august and November,,
December exhibit fluctuations across the months
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. o - = —-- ----‘
[ L -
- - — - e TR e, == s
E, == = - T, = e T =
- — - =

1500 | :

Inflow

1000

Jan. Feb.  Mar. Apr. May  Jun. Jul. AU, Sep. Oct.

NOV. Dec.
minflow 12494 12284 11318 10933 577.08 B97.28 843.16 11678 2058.2 1989.8 1201.6 1188.2

Figure 5: Mean Monthly Frend of Reservoir Inflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019, * 3
While reservoir out flow record it peak in the month of October with 2037.04 m3/s and September 1949.24 m3/s.

respectivel y and the lowest reservoir out flow was on the month of July 842.88m3/s and various fluctuation across
the remaining months from January, to December as shown in figure 6
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Figure 6: Mean Monthly Trend-of Reservoir Outflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019

4.7 Analysis of mean monthly energy generated

Various degree of fluctuation are observed. From January to February, March and April with an average mean of
226278mwh, 207603mwh, 273724mwh, and 197979mwh, respectively. The month of May with 183595mwh,
marks the period of decline in the amount of energy generated to the month of July with an average of 55098 mwh
which is the lowest as the study reveals. While the month of June generates 162045mwh Although the month of
August with a mean of 195274mwh marks the period of increase in energy generation and this increase continues
to September, October, and a down word decrease from November to December having an average of
249887wmwh, 266122mwh, 223790mwh, and 218711 respectively. And the months with highest amount of
energy generation are march, October, September, November, January, This is so because of the inflow pattern
of the Jebba reservoir which is as a result of the river flow regime characterized by two distinct flood periods

occurring annually, namely the white and black floods.
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Figure 7; Mean Monthly Trend of Energy Generated in Jebba Dam (1993 1o 2017)
Source: Authors' Data Analysis, 2019 :
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4.7 Correlation Between Reservoir Inflow and Outflow on the amount of energy generated
Table 2: Correlation Between Reservoir Inflow and Outflow on the amount of power generated |
Variables e - Reservoir Inflow Reservoir Outflow __
Energy Pearson Correlation 637 634 2
Ak - Sig. (2-tailed) 001 N 00) g
N 25 = @ — 75

* Correlation is significant at the 0.05 level (2-tailed).

- e
- -

= Table 2 shows that reservoir inflow and the amount of energy generated have correlation of 0.637* The result
shows a significant positive relationship at 0.05 level of significance. This implies that a change in reservoir inflow
will definitely affect the amount of energy generated. This findings is in agreement with J imoh (2008), who
_ revealed that teservoir inflow-in Kainji dam is a major factor that determines the amount of energy gcner:_ltpd R L
because rainfall and inflow covering over nine countries across West Africa is being received at the dam. | | i
The r value between the reservoir outflow and amount of energy generated is 0.634* the result shows a significant
positive refationship at 0.05 level of significance which means that it 1s a strong positive relationship, that jmplies .
the more the reservoir outflow the more amount of energy generated since the reservoir outflows is crucial to
reservoir balance, the reservoir useful life, as well as reservoir discharge. And the amount of electricity~to be
produced by a hydropower facility will mainly depend on the volume of water passing through the turbine in a s
given amount of time, ‘

5. Conclusion ' 2L

Hydropower generation is highly dependent on available water resources. The impact of rainfall, temperature, X
evaporation, variability has a direct impact on reservoir inflow which in tumn have much effect on amount of
electricity generation. This study examined the historical rainfall, temperature, evapumtiun,-rcsewqirjnﬂgﬁ;ﬂggg;_ AL E
outflow data across twenty five years in jebba reservoir to understand specific trends over time. Thcqtudgal:gﬂé I,‘f_'
examined the discharge irregularities of the Jebba Reservoir from 1993-2017 as way to cbﬁt’&ﬂtﬁallifﬂ.f:ﬁﬁﬁi:.‘_ -
implications of climate variability on the performance of hydropower plants. Tl

L =
& s . - ' - ' L : . - Jf"" ",1- ':_ i LI -
W eather variables (rainfall, temperature, evaporation,) and the hydro meteorological parameters (reservoirintlow.,

reservoir outflow) within Jebba Dam were subjected to multiple analyses. The trends of the weather varia nﬁ;ﬁ&;
hydro parameters for the time frame of study were shown using trend line. Rainfall, temperatur fi' ‘
increasing trend, except for evaporation which shows a downward decrease while the resar\rmrmﬂﬁw’,
- -— - . _-pattemnshow asteady fluctuation in the moyement of the flow sametimes Increase and decrease trend. Mean while
all the variables and the parameters exhibit fluctuations at various levels while statistical analysis revealed that

3 :'?'If'-i':; gy
: ‘..,L,&tt"-:‘: aly

o
1 |

there is increased electricity generation during the dry season than the rainy season. However, the ai

S energy genesated in March, August, September, and October is high_and can be comparable to th
~ generated-in the dry season months. Pearson correlation co-efficient shows that reservo - inflow and.
| have significant relationship with the amount of energy generated, while rainfall also have a s
| -~ relationship with the amount of reservoir inflow temperature have little significant relationst
T o e “of reservoir inflow and evaporation have negafive relationship to reservoir
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