
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: isazaharaddeen@gmail.com; 
 
 
 

Archives of Current Research International 
 
8(1): 1-11, 2017; Article no.ACRI.32984 
ISSN: 2454-7077 

 
 

 

 

Temporal Variation of Reference Evapotranspiration 
in Lower River Kaduna Catchment Area, Nigeria 

 
Auwal F. Abdussalam1 and Isa Zaharaddeen1* 

 
1
Department of Geography, Kaduna State University, Kaduna, Nigeria. 

 
Authors’ contributions 

 
This work was carried out in collaboration between the both authors. Authors AFA and IZ designed 

the research, analyzed the data and wrote the report. Both authors read and approved the final 
manuscript. 

 
Article Information 

 
DOI: 10.9734/ACRI/2017/32984 

Editor(s): 
(1) Kazutoshi Okuno, Japan Association for Techno-innovation in Agriculture, Forestry and Fisheries (JATAFF), Yachiyo, 

Japan. 
(2) Vilda Purutcuoglu, Department of Statistics, Middle East Technical University, Ankara, Turkey. 

Reviewers: 
(1) Lívia Cristina Pinto Dias, Federal University of Viçosa, Minas Gerais, Brazil. 

(2) Mairton Gomes da Silva, Federal University of Recôncavo of Bahia (UFRB), Cruz das Almas, BA, Brazil. 
(3) Rafael Aldighieri Moraes, University of Campinas, Brazil. 

Complete Peer review History: http://www.sciencedomain.org/review-history/19646 

 
 
 

Received 26
th

 March 2017 
Accepted 12

th
 May 2017 

Published 22
nd

 June 2017 

 
 

ABSTRACT 
 

Lower River Kaduna catchment area is located in north part of Nigeria where climate variability is 
pronounce such as high rainfall which result to drought, ground water scarcity and high surface 
water to evaporation. As such it is importance to investigate the temporal variation 
evapotranspiration of this area. Because it determined the atmospheric water demand in the 
catchment. Meteorological data were collected from Nigeria Meteorological Agency which include 
mean temperature and solar radiation for the period of 21 years (1994-2014). Makkink method of 
estimating evapotranspiration was used. Trend analysis, normality test and coefficient of variance 
were carried out respectively. The result revealed that the evapotranspiration has mean value of 
4.22 mm day

-1
, solar radiation has mean value of 21.48 MJ m

−2
 day

−1
 and temperature has mean 

value of 32.07°C. Both variables show a moderate variability in the catchment. Evapotranspiration 
and solar radiation show a negative annual trend while the temperature reveals positive annual 
trend. April to October has decrease of solar radiation, temperature and evapotranspiration while 
the remaining month has an increase trend. Seasonal trend shows that MAM and JJA have a 
decrease while SON and DJF have an increase in solar radiation and evapotranspiration. 
Seasonal trend of temperature show that MAM, JJA and SON has a decrease while DJF has an 
increase. 

Original Research Article 



 
 
 
 

Abdussalam and Zaharaddeen; ACRI, 8(1): 1-11, 2017; Article no.ACRI.32984 
 
 

 
2 
 

Keywords: Evapotranspiration; Nigeria; variability; radiation; temperature; temporal; Kaduna. 
 

1. INTRODUCTION 
 
As the water resources available for                 
agriculture become limited due to population 
growth, drought and the evapotranspiration   
(ET). Apart of precipitation, evapotranspiration 
served as a major component of water             
use in agriculture grows. Thus, quantification                
of atmospheric demand of water requires 
knowledge of the evaporation of water from                    
the earth and plant surfaces. The combination                
of these two phenomena, namely surface 
evaporation and transpiration, are collectively 
referred to as evapotranspiration [1]. Moreover, it 
is principal element of the hydrological cycle             
and an agro meteorological variable widely           
used in hydrology and agriculture [2]. The 
evapotranspiration rate from a reference  
surface, not short of water, is called the 
reference crop evapotranspiration or reference 
evapotranspiration and is denoted as ET. The 
reference surface is a hypothetical grass 
reference crop with specific characteristics [3]. 
ET is a complex phenomenon because it 
depends on several climatological factors such 
as temperature, solar radiation, wind and relative 
humidity among others [4,5]. However, the lower 
river Kaduna catchment area mighty be 
associated with the climate change [6] such                 
as the high rainfall variability annually           
which result in drought, crop failures and 
reduced yields, flash floods, desertification, [6], 
groundwater shrinking and surface water               
subject to high evaporative losses and 
insufficient to meet the water demand [7]. This 
implies that, change in climate have significant 
impact on the availability of water resources [8, 
9]. As such its crucial evapotranspiration to be 
studied most especially in the areas that 
classified to be hotspot under the changing 
climate.Despite the climate variability in the 
catchment, agriculture is the major occupation 
and source of food. An estimation of potential 
water requirements for agriculture will permit 
improved planning and allocation of water 
resources among the municipal, industrial, 
environmental and agricultural sectors [10]. 
Nonetheless, up to date few studies have                 
been conducted for ET estimation in the 
northwest region of Nigeria especially in               
Kaduna State for examples [11,12]. This 
research therefore intends to bridge this gap, 
which aimed to estimate the ET in lower River 
Kaduna catchment so as to assess it temporal 
variation. 

2. MATERIALS AND METHODS 
 

The study area lies between latitudes 10.245ºN 
and 10.808ºN and longitude 7.021ºE and 
7.786ºE (Fig. 1). The catchment covered Kaduna 
North and South Local Government and some 
part of Igabi and Chikun Local Government. The 
lower Kaduna River catchment is within the 
highland climatic zone of Nigeria, with an 
elevation of 591 m. The mean evaporation loss 
annually is 2448 mm. water from the catchment 
drained by River Kaduna through its tributaries 
such as Rivers Rigachikun, Ruza and Romi. 
Kaduna River takes its source from Jos Plateau 
state and flows for about 210 km to Kaduna 
Town. It crosses the town, dividing it into North 
and South areas. The River flows beyond 
Kaduna for about 100 km into the Shiroro dam 
and continues until it finally discharges into the 
River Niger about 200 km from Shiroro dam [13]. 
Land use in the catchment include built-up area, 
agricultural area which include mechanized 
farming such as the Wushishi farms, Niyya 
farms, etc had also taken over large portions of 
land for cultivation. Most of the natural savanna 
wood land has been cleared. What seems to be 
left of the forests is the forest reserve of Afaka. 
Water bodies such as dams or lakes due to 
construction of earth dams under the policy of 
Kaduna state government to encourage irrigation 
farming in the state [14] and river Kaduna and its 
tributaries as mention earlier. 
 

2.1 Meteorological Data 
 

Mean daily temperature and solar radiation data 
were obtained from Nigerian Meteorological 
Agency (NiMet) Kaduna, for the period of 21 
years from 1994-2014. The station is located in 
international airport Kaduna (Latitude 10º02', 
Longitude 07º19' and elevation of about 645 m. 
This station was chosen because it is within the 
catchment area. 
 

2.2 Method Estimation of Daily Reference 
Evapotranspiration 

 
Some of the method such as Penman-Monteith 
required many meteorological data. Also, the 
data quality of all-weather parameters is poor 
and limited in most of the station [3] especially in 
developing country [15]. However, models that 
use readily limited available weather data are 
therefore preferable [16]. These include Makkink 
(1957), Turc (1961), Priestley and Taylor, (1972), 
and Doorenbos and Pruitt (1977). For example, 



the difference between Priestley and Makkink is 
that, instead of using net radiation, Makkik uses 
incoming solar radiation which offer
advantage over Priestly-Taylor [17]. Also it suited 
the available meteorological data obtained for 
this study. Therefore makkink method was 
consider for this research. 
 

Makkink (1957) method was adopted in this 
research using only temperature
radiation parameters [18]. The Makkink equation 
is as given below: 
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the difference between Priestley and Makkink is 
that, instead of using net radiation, Makkik uses 
incoming solar radiation which offers a potential 

]. Also it suited 
the available meteorological data obtained for 

Therefore makkink method was 

Makkink (1957) method was adopted in this 
using only temperature and solar 

The Makkink equation 

                     (1) 

Where, Δ is the slope vapour curve (kPa °C
is the psychrometric constant (kPa °C
the solar radiation of the crop surface (MJ m
day

−1
); and λ is the latent heat of vapour 

(MJ kg
−1

). 
 
Normality test, coefficient of variance and trend 
analysis using Mann-Kendall and Sen’s Slope of 
solar radiation (MJ m

−2
 day

−1
), temperature (

and ET (mm day
-1

) were carried out based on 
monthly, annual and seasonal to understand the 
variability in the catchment. Both 
were computed using AddinSoft XLSTAT 
software. 

 
Fig. 1. Map of the lower River Kaduna catchment area 
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3. RESULTS AND DISCUSSION 
 
3.1 Trend and Variability of Rs, Tmean 

and ET  
 
The results of descriptive statistical analysis of 
the solar radiation (Rs), daily mean temperature 
(Tmean), and ET are presented in Table 1. 
Kurtosis is a measure of data peakness or 
flatness relative to normal distribution. Normal 
distribution has zero kurtosis. Positive kurtosis 
indicates peaked distribution, while negative 
kurtosis indicates flat distribution. The Rs, 
Tmean, and ET data exhibited flat distribution. 
The Rs and ET data exhibited left skewed while 
the Tmean exhibited right skewed. The 
coefficient of variance which measures the 
variability of the climate elements, the Rs, Tmean 
and ET data set in the studies  accounts for more 
than 0.1 coefficient of variance, which indicated 
moderate variability (CV > 0.1 or 10% and < 0.9 
or 90%). The climate variability in lower river 
Kaduna catchment area showed similarities with 
other studies such as [15,19]. 
 
Table 1. Normality test analysis of Rs, Tmean 

and ET 
  

Descriptive 
statistic 

Rs Tmean ET 

Minimum 4.50 21.00 0.72 
Maximum 31.20 43.00 6.37 
Range 26.70 22.00 5.65 
Mean 21.48 32.07 4.22 
Variance  15.19 10.30 0.72 
STD 3.90 3.21 0.85 
CV 0.18 0.10 0.20 
Skewness -0.23 0.11 -0.20 
Kurtosis  -0.51 -0.33 -0.62 
Anderson-darling 
A² 44.483 24.855 46.750 
p-value  < 0.0001 < 0.0001 < 0.0001 
Alpha 0.05 0.05 0.05 

Source: Author (2016) 
 

A typical result of Anderson-Darling (AD) test is 
presented in Table 1. The hypotheses for the AD 
normality test are: H0: sample values come from 
a normally distributed data and H1: sample 
values come from a non-normally distributed 
data. If the normal distribution fits the data, the 
(AD) statistic will be small and the p-value will be 
greater than the chosen alpha-level. From the 
results of (AD) normality test, there is insufficient 
evidence to suggest that Rs, Tmean and ET data 
of the study area are from a normally distributed 
data, since the p value is less than the significant 

level (0.05). This result is in line with that of [15] 
in their studies on new data set for applied 
climatological research. It also confirmed the 
statement of [19] that the characteristic of 
meteorological data are not from normal 
distributed data. 

 

3.2 Solar Radiation 
 
Fig. 2, presented the daily time series of solar 
radiation which shown a negative trend in lower 
river Kaduna catchment area. This implies that 
there is decrease in the amount of solar 
radiation. Similarly, the monthly (Fig. 3) and the 
annual (Fig. 4 and Table 2) time series of solar 
radiation revealed a negative trend. This 
negative trend of solar radiation is in line with the 
result of [15,20] that solar radiation is on 
decrease in Kaduna. Similarly, [21] observed a 
decrease of solar radiation in Ibadan. This may 
be due to the influence of the dry, dusty tropical-
continental air mass and the warm, tropical-
maritime air mass which control the atmospheric 
conditions of Nigeria [4]. Also in Table 2 shows 
that the month of April to October has decreased 
Rs both from Mann-Kendall and Sen’s Slope 
while the other months have an increased trend. 
Seasonal trend (Table 2) shows that MAM and 
JJA has a decrease in Rs while SON and DJF 
have an increase in Rs. This can be implied that, 
the MAM is season that mostly the catchment 
experienced onset of rainfall while the JJA is the 
season of rainfall, therefore due to the increased 
rainfall and cloud cover may result to the 
decreased of Rs during these seasons. SON is 
the season when the catchment experienced 
cessation of rainfall and there is little or no cloud 
cover during this period while the DJF is peak of 
dry season where there is no cloud cover and 
absences of rainfall these can result the increase  
of Rs. 
 

3.3 Mean Temperature 
 
Both the daily (Fig. 5), monthly (Fig. 6) and 
annual (Fig. 7 and Table 2) mean temperature 
exhibited a positive trend. These imply that, there 
is increased temperature in lower river Kaduna 
catchment area from 1994 to 2014. Also in Table 
2 shows that the month of April to October has 
negative trend from both Mann-Kendall and 
Sen’s while the other months have a positive 
trend. Seasonal trend (Table 2) shows that MAM, 
JJA and SON have a decrease in Tmean while 
DJF has an increase in Tmean. During the 
seasons (MAM, JJA and SON), the catchment 
normally experienced rainfall. Therefore, due to 
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the presence of rainfall, may lead to the growth 
of cooling phenomena i.e. vegetation. Similarly, 
cloud cover is also presence during these 
seasons. These may result to the decrease of 

Tmean during these seasons. The DJF is peak of 
dry season where there is no cloud cover and 
absences of rainfall and these can result the 
increased Tmean.  

 

 
 

Fig. 2. Daily solar radiation of lower river Kaduna catchment area 
 

 
 

Fig. 3. Monthly mean solar radiation of lower river Kaduna catchment area 
 

 
 

Fig. 4. Annual mean solar radiation of lower river Kaduna catchment area 
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However, the annual time series (Fig. 7) shows 
that, 2006 has the highest mean temperature 
while 2008 has the lowest mean temperature, 
this revealed that the 2006 was the warmest 
while the 2008 was the coolest year in lower river 
Kaduna catchment area during years of studies. 
 
The increased mean temperature in this study 
shows a similarities with the other studied such 
as [22,23], they revealed that there is an 
increase (positive trend) in temperature in 
Nigeria, [24], reported that, there is an increase 
in temperature in the semi-arid region of Sokoto, 
Katsina, Kano, Nguru and Maiduguri, and [19] 
reported that Kaduna state experienced a 
positive trend in mean temperature. Also many 
regional studies have also found a positive trend 
in temperature, although the changes vary 
slightly from one region to another [25,26,27,28, 
29]. This warmness of temperatures may lead to 
increased evapotranspiration, drought and 
desertification [24], and it can lead to impact on 

levels of human thermal comfort and the length 
of the discomfort season [30], the phenology of a 
range of plant and animal species [31], the 
possible re-emergence of some tick-borne 
diseases [32] and increase meningitis cases in 
northwest Nigeria in the future [33]. 
 

3.4 Evapotranspiration (ET) 
 
The estimated ET was presented below in Figs. 
8, 9 and 10. The annual ET (Fig. 10) shows that 
the highest ET value was experienced in 2002 
followed by 2006 while 2008 have the lowest ET 
value. Similar temporal negative trend was 
observed for both the daily (Fig. 8), monthly (Fig. 
9), and annual (Fig. 10 and Table 2) of ET time 
series with that of solar radiation. Also in Table  2 
shows that the month of April to October has 
negative trend both while the other  months have  
a positive trend. Seasonal trend (Table 2) shows 
that MAM and JJA have a decrease in ET while 
SON and DJF have an increase in ET. These 

 

 
 

Fig. 5. Daily mean temperature of lower river Kaduna catchment area 
 

 
 

Fig. 6. Monthly mean solar radiation of lower river Kaduna catchment area 
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imply that there is decreased  vaporization of 
water to the atmosphere during MAM, JJA and 
annual. Furthermore, similar results were 
obtained from previous studies such as [34,35, 
36,37,38,39]. The decreased ET potentially could 
be due to confounded effects of change in other 
atmospheric variables that influenced ET. Thus 
decrease in solar radiation was most likely 
responsible for decreased potential ET [40]. 

Decrease in solar radiation was strongly related 
to the decreased trend in ET [37,38,41,42,43, 
44]. This is because for evapotranspiration to 
take place, energy is required to change the 
state of the molecules of water from liquid to 
vapour. This energy is provided by solar radiation 
incident on the earth’s surface [45]. These 
confirmed the results found in lower river Kaduna 
catchment area. 

 

 
 

Fig. 7. Annual mean solar radiation of lower river Kaduna catchment area 
 

 
 

Fig. 8. Daily ET of lower rive Kaduna catchment area 
 

 
 

Fig. 9. Monthly ET of lower river Kaduna catchment area 
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Fig. 10. Annual ET of lower river Kaduna catchment area 
 

Table 2. Trend analysis of Rs, Tmean and ET in lower river Kaduna catchment 
 

Time series Mann-Kendall trend Sen's slope estimate 

Rs Tmean ET Rs Tmean ET 

January 0.0302 0.7549 0.0906 0.0010 0.0450 0.0011 
February 0.4530 1.6004 1.0569 0.0177 0.1065 0.0082 
March 0.9965 0.3021 0.5133 0.0244 0.0094 0.0043 
April -1.2985 -0.9667 -1.4193 -0.0448 -0.0384 -0.0114 
May -1.8420 -1.2084 -2.3252 -0.0370 -0.0279 -0.0089 
June -1.4193 -0.7855 -1.5400 -0.0261 -0.0176 -0.0063 
July -0.0604 -0.7855 -0.0906 -0.0009 -0.0160 -0.0007 
August -1.0272 -0.0906 -1.1777 -0.0244 -0.0048 -0.0049 
September -1.2985 -0.4834 -1.0569 -0.0291 -0.0059 -0.0049 
October -0.2718 -0.6945 -0.8757 -0.0105 -0.0175 -0.0032 
November 1.0569 0.8757 0.9965 0.0455 0.0334 0.0104 
December 0.0000 0.8757 0.3322 0.0001 0.0258 0.0025 
ANNUAL -0.8153 0.8757 -0.0302 -0.0041 0.0094 -0.0002 
March-April-May (MAM) -0.9361 -0.6945 -0.9361 -0.0194 -0.0174 -0.0069 
June-July-August (JJA) -1.3589 -0.8757 -1.6608 -0.0179 -0.0110 -0.0041 
September-October-November (SON) 0.2718 -0.1510 0.3322 0.0093 -0.0048 0.0013 
December-January-February (DJF) 0.5133 2.5063 0.8757 0.0155 0.0938 0.0045 

 

Cloudless condition during DJF allows a high 
percentage of solar radiation to reach the earth 
surface, hence warmer temperature occurs. On 
the other hand, less solar radiation reaches the 
surface during cloudy sky and cooler 
temperature occurs especially during JJA. The 
temporal distribution of ET especially during the 
month of April to October is controlled by solar 
radiation and temperature, similar to that of 
November to March. The seasonality of the Rs 
has more controlled ET over Tmean. The 
variation of temperature with solar radiation is 
due to the fact that surface temperature is the 
reflection of both the duration and intensity of 
solar radiation [46]. 

4. CONCLUSION  
 
The sustainable development of any region is of 
paramount importance to the planning, 
development and management of its water 
resource. The ET of lower river Kaduna 
catchment area was estimated and shows a 
moderate variability similar to solar radiation and 
Tmean. Also it reveals that, there is annual 
decrease of ET in lower river Kaduna catchment 
area. The ET and Rs have similar temporal 
distribution patterns in the catchment. The result 
reveals that, the temporal variation pattern of ET 
is determined by the temporal variation of the Rs 
in the catchment. Based on the results we 
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recommend the following for future research: 
other possible time series model should be 
consider which can capture the nonlinearity in 
the data such as auto-regressive or moving 
average model with related references. Also, 
long time data should be considered in other to 
predict for the future.  
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