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ABSTRACT

Assessing spatio-temporal variation of actual evapotranspiration is very important, most especially
in the areas that are prone to changing climate. Lower River Kaduna is one of the critical
ecosystems in the northwest, Nigeria. As such it is critical to investigate the evapotranspiration of
this area, because of its impact on water availability for both human, plants, and other organism
population dwelling the basin. ModisTerra imageries from 2000-2014 were used to computecrop
coefficient (Kc) through a relationship with normalize difference vegetation index (NDVI). Makkink
method was used to estimate the reference evapotranspiration using temperature and solar
radiation obtained from Nigerian Meteorological Agency. Actual evapotranspiration was estimated
by multiplying evapotranspiration and crop coefficient. Trend analysis was determined using Mann-
Kendall and Sen’s slope. The results reveal that the actual evapotranspiration of annual is less than
61% of winter and 71% of autumn. Spring and summer Actual evapotranspiration value are less
than annual with 51% and 79%. Annual, winter and summer have a decreased of actual
evapotranspiration. It also reveals that spring and autumn has an increased of actual
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evapotranspiration. The spatio-temporal result reveals that the vegetated area has a high
Actual evapotranspiration while the non-vegetated area has lower Actual evapotranspiration

value.

Keywords: Evapotranspiration; spatio-temporal; variation; crop coefficient; Nigeria; season, Kaduna.

1. INTRODUCTION

In recent years, increased awareness of
environmental issues has led to the idea of
sustainability, in which river basins, dams and
groundwater among others are controlled to
maintain a balance between the availability and
the use of their resources [1]. The demand for
water all over the world is on the increase for
various needs [2] such as agricultural irrigation,
domestic water uses, industrial use, and frequent
droughts [3]. This major ingredient of life become
scarce in many parts of the world and Nigeria in
particular [4,5]. The driving force behind this
problem can be observed in efficient
consumption of ground water for human activities
[3], and change in climate have a significant
impact on the availability of water [4,6], the effect
of this water losses could be attributed more
especially in the crop lands, to actual
evapotranspiration (AET) [7]. Moreover, if the
AET rate has been increased it can be
contributed to water scarcity problems [8]. AET is
typically known as the crop water requirement
since total crop water requirement is directly
proportional to AET [9]. The knowledge of AET is
very important in the design and maintenance of
irrigation schemes as it helps to predict whether
there would be any deficit or excess in demand
for water, hence, the required amount of water
can be estimated and necessary precautions can
be taken earlier [5]. Therefore, its accurate
estimation can be  helpful for efficient
management of water within the catchment area
and Kaduna state in general. However, the lower
river Kaduna catchment area might be
associated with the problems of climate change
such as the high rainfall variability annually,
drought, floods, desertification, groundwater
shrinking and surface water subject to high
evaporative losses [10-12]. Human alteration of
the land cover is escalating, in which forested
area are converted to agricultural area and urban
area due to its rapid development and high
population being experienced in the study area
[13]. Lower River Kaduna catchment has been
subject to wide fluctuations in water levels.
These natural fluctuations, coupled with
consumption by humans, changes in land cover
over time and climate variability have led to

decrease of the water levels which have led to
shrinking of the catchment especially during the
dry season [11,14]. This change can significantly
impact evapotranspiration in regional
ecosystems, which in turn influences the
hydrological cycle of the basin. Considering
these problem and challenges, for the better
assessment and management of hydrological
cycle and irrigation water requirement, the
estimation of actual evapotranspiration (AET) is
very important. There are no research studies on
the spatial and temporal variation in AET
of lower river Kaduna catchment area.
Also, to date few studies have been conducted
for ET estimation in the northwest region of
Nigeria for examples [4,15] especially in Kaduna
State. This research therefore intends to bridge
this gap in which to provide data, to enable
climate change, and water scarcity (fresh)
assessment. This research is designed to assess
the spatial and temporal distribution of actual
evapotranspiration in lower river Kaduna
catchment area.

2. MATERIALS AND METHODS

The study area lies between latitudes 10.245°N
and 10.808 N and longitude 7.021°E and
7.786°E (Fig. 1) with an area of 3,159 Km”. The
Lower Kaduna River Catchment it is within the
highland climatic zone of Nigeria with an Altitude
of 591 meters above sea level. The climate of
Kaduna is also affected by inter-tropical
discontinuity as a result of seasonal winds that
blow from the north Tropical Continental (T¢) and
the one from the south Tropical Maritime (Ty)
during dry months. During the wet season, the
area is influenced by the Ty from the south. The
dry season is also characterized by Harmattan
dust haze and hot and dry northerly winds that
blow from the Sahara Desert in West Africa [16].
The mean annual rainfall ranged from 1,016 mm
to 1,524 mm [16].

The mean annually evaporation is 2448 mm.
The catchment is 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. The River flows
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Fig. 1. Map of the lower river Kaduna Catchment Area
Source: author (2016) modified shape file from www.digitalglove.com
beyond Kaduna for about 100 km into the Shiroro 2.1 Materials
dam and continues until it finally discharges into
the River Niger about 200 km from Shiroro dam MODIS Terra NDVI data (MOD 13) were

[17]. Land use in the catchment include built-up
area, agricultural area which include mechanized
farming such as the Wushishi farms, and Niyya
farms, among other, 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. The Water bodies in
the catchment include dams or lakes such
as Kangimi dam which were constructed under
the policy of Kaduna State government
to encourage irrigation farming in the State
[18].

downloaded from the Land Processes Distributed
Active Archive Center (LP DAAC), NASA. The
spatial resolution of MODIS NDVI data is 1 Km,
for fifteen epoch (2000 to 2014) were used.

Mean daily Temperature (Tmean) and solar
radiation (Rs) data were obtained from Nigerian
meteorological agency (NIMET) Kaduna, for the
period of 15 years from 2000-2014.

2.2 Methods

In this study the crop coefficient approach was
used by combining Kc (from satellite images)
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with reference evapotranspiration (ET) from
meteorological station observations allowed us to
calculate Actual Evapotranspiration (AET) [9]:
The analysis was carried out in ArcGIS and
Erdas Imagine software respectively.

AET = K. X ET (1
Where,

AET = Actual evapotranspiration [mm d'1],

Kc = Crop coefficient [dimensionless],

ET = Reference evapotranspiration [mm d™.
Kc was estimated using satellite data
through the relation between Kc and
Normalize Difference Vegetation Index NDVI
represented below (Eq. 2) which was
developed by [19] and evaluated by [20].

12
NDVIg,

K¢

(NDVI — NDVI,,) ()

Where; 1.2 is the maximum Kc, NDVly, is
difference between minimum and maximum
NDVI value for vegetation and NDVI,, is the
minimum NDVI value for vegetation.

Makkik (1957) proposed a method for ET
estimation by using only temperature and
radiation parameters [7] which was adopted in
this research. The Makkik equation is as given
below:

ET = 0.61 (ﬁ) (%) ~0.12 (3)

Where, A is the slope vapour curve (kPa °C-1); y
is the psychrometric constant (kPa °C-1); Rs is
the solar radiation of the crop surface (MJm-2
day-1); and A is the latent heat of vapour (MJ
kg-1). The statistical analysis was carried out
such as Coefficient of variance (CV), and trend
analysis using Mann Kendall and Sen’s slope for
the annual and seasonal AET using AddinSoft
XLStat software.

3. RESULTS AND DISCUSSION

3.1 Annual Trend and Variability of Actual
Evapotranspiration

The AET was estimated from Kc and ET
(Fig. 2A) which revealed that 2001 has the
highest mean value followed by 2009 and 2014
while the 2010 has the lower value follows by
2011. Table 1 shows that the overall annual AET
mean is 3.32 with standard deviation of 0.14. It
has 4% coefficient of variance in the catchment.
The temporal trend analysis of annual AET
shows a negative trend. This result conforms to
that of [21-23].

The annual AET maps (Fig. 3) were generated
for the study area which revealed that it has
increased spatially towards surrounding part from
the centre i.e. Kaduna metropolis. The Apaka
forest reserve situated in the North Western part
lower river Kaduna catchment shows
distinguished high AET in almost all of the year.
Also the South Western part of the lower river
Kaduna catchment area shown a high value of
AET, whereas, the Kangimi Dam in the North
Eastern part of the study area indicated lower
AET value. In the central part of the study area
where Kaduna metropolis is located also showed
a low AET value, these exhibited similar pattern
with Kc.

3.2 Seasonal Trend and Variability of
Actual Evapotranspiration

Fig. 2B presented the winter (DJF) actual
evapotranspiration time series. The results
revealed that the year 2000 had the highest
value follows by 2003. The similarity was
observed in the year of 2006, 2009 and 2014.
The lowest winter (DJF) AET was observed in
2007. It exhibits a downward slope. Table 1
shows that the winter (DJF) AET has an overall

Table 1. Statistical distribution of actual evapotranspiration of lower River Kaduna Catchment

area
Statistic Annual AET DJF AET MAM AET JJA AET SON AET
Mean 3.32 3.93 2.81 2.53 4.03
Variance 0.02 0.17 0.06 0.01 0.01
STD 0.14 0.41 0.24 0.12 0.12
Ccv 0.04 0.10 0.09 0.05 0.03
ZVALUE -0.47 -0.39 0.18 -0.16 0.43
Sen's slope: -0.02 -0.06 0.01 0.00 0.02
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Fig. 2. AET time series of the catchment based on (A) annual, (B) winter: DJF (December,
January, February), (C) spring: MAM (March, April, May), (D) summer: JJA (June, July, August)
and (E) autumn: SON(September, October, November)

mean of about 3.93 with a standard deviation of
0.41. It has about 10% coefficient of variance
with the negative trend. Fig. 4 presents the
spatio-temporal distribution of winter (DJF) AET.
The Apaka forest reserve situated in the North
Western part of the lower river Kaduna
catchment shows distinguished high AET. The
South Western part of the lower river Kaduna
catchment area showed the high value of AET,
whereas the Kangimi Dam in the North Eastern
part of study area indicated lower winter (DJF)
AET value. In the central part of the study area
where Kaduna metropolis is located also showed
a lower AET value. Some northern part of the

catchment showed a medium range of winter
(DJF) AET.

From the Table 1, It shows that the spring (MAM)
AET has an overall mean of about 2.81 with a
standard deviation of 0.24 which less than that of
winter (DJF). The coefficient of variance was
about 9% for spring (MAM) AET of the
catchment. The positive trend of AET during
spring (MAM) for the period of study was
observed. Fig. 2C revealed that 2011 had the
highest value while 2000 and 2010 shared a
close mean value. The lowest value was
observed in 2005.
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Fig. 3. Spatio-temporal variation of annual AET of Lower River Kaduna Catchment

The map of spring (MAM) AET was generated for
the period of study (Fig. 5.) The result shows a
variation in lower river Kaduna catchment area.
During this season the AET reduced significantly
compared with that of other seasons. However,
the south part of the catchment had the highest
AET value as well as that of Afaka forest
reserved. The northern part had the medium
range value, while the central part of the
catchment and that of Kangimi dam in the
northeast part had the lowest Kc value.

The area at which the low value covered had
increased.

In Fig. 2D, 2002 has the highest value of summer
(JJA) AET. The lowest value was observed in
2005 and 2013 while 2004, 2006 and 2014
shared a close mean value. Table 1 shows that
summer (JJA) AET had an overall mean of about
2.53 with a standard deviation of 0.12. The
coefficient of variance was 0.05. The trend
analysis of summer (JJA) AET indicated a
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Fig. 4. Spatio-temporal variation of winter (DJF) AET of Lower River Kaduna Catchment

negative trend in lower river Kaduna catchment.
The spatio temporal distributions of summer
(JJA) were generated (Fig. 6). The result
revealed that it has an increasing spatial pattern
towards the surrounding part of the catchment.
The Afaka forest reserved situated in the North
West part shows distinguished high AET. Also,
the northern and the eastern part of the
catchment had a medium range of AET whereas
in the south part of study area indicated high
AET.

Fig. 2E showed that 2014 had the highest
autumn (SON) AET value followed by 2011,
2008 and 2004. Similar AET value was observed
in the year 2002, 2005 and 2010. 2007 had the

lowest autumn (SON) AET value. Table 1
showed that autumn (SON) has the highest
overall mean value of about 4.03 with a standard
deviation of 0.12. The coefficient of variance is
about 3%. The trend analysis of autumn (SON)
AET revealed a positive trend in lower river
Kaduna catchment area. The spatio-temporal
distribution of autumn (son) AET is not the same
for all the year. In Fig.7 revealed that the central,
as well as the Kangimi dam in the northeast part
of the catchment, has the lower value. The
northern part of the catchment had a
medium range value. Southern part and Afaka
forest reserved in the northwest part of
catchment had the highest value of autumn
(SON) AET.
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Fig. 5. Spatio-Temporal variation of Spring (MAM) AET of Lower River Kaduna Catchment

3.3 Discussion

It noted that during winter the water requirement
by the plant was high. This can beclosely
associated with characteristics of vegetation in
the catchment [12]. The results also revealed
that high AET variability was observed during
winter and spring which can be attributed to the
response of climatic condition during this period
[12]. These are the periods where dry climate is
experienced in the catchment. The increase of
the amount of water required by vegetation was
observed during autumn while during the
summer there was a fluctuation of water required

for the vegetation. The autumn can be
associated with the full canopy of vegetation.
This implied that the vegetation has fully grown.
The later (summer) can be attributed to the
rainfall variability in the catchment.

The negative temporal trend of annual and winter
AET indicated the decrease of water requirement
over time in lower river Kaduna catchment. This
result of the decrease of AET might be related to
the temporal absence of vegetation as observed
in the catchment. It can clearly said that the
evapotranspiration rate from plants mighty have
exceed the evaporation from lakes, built up area
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and bare land, similar to the results of [24], It has
been well established by experience and
experiments that the rate of water loss from a
bare soil, built up area and water bodies are less
than from vegetated cover [24]. This is similar to
what was observed in this study. Therefore,
without a complete vegetative cover, the actual
water loss rate is less. Besides driven essentially
by climatic factors, the AET is also constrained
by the amount of available water when the
complicated influences of vegetation and soil are
ignored [21]. These results provided a large

2013

number of possible uses for average water
losses from land surfaces. Some examples
are flood forecasting, climatic indices,
assessment of the agricultural potential, and
other water related problems in agriculture [24].
In  nature, however, limited soil moisture

frequently reduces the amount of water lost from
land surfaces [24]. As a crop canopy develops,
the ratio of transpiration to evapotranspiration
increases, until most of the evapotranspiration
comes from transpiration, and soil evaporation is
a minor component.

Fig. 6. Spatio-temporal variation of summer (JJA) AET of Lower River Kaduna Catchment
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Fig. 7. Spatio-temporal variation of autumn (SON) AET of Lower River Kaduna Catchment

4. CONCLUSION

The estimated AET, showed a variation from one
season to another as well as from one land use
to another. The result revealed that the more the
area is forested the high the amount of water
required to sustain the area. These can infer that
the influenced mechanism of spatial variation of
AET is climate and vegetation in the lower river
Kaduna catchment area. On this basis, climate
and vegetation collectively controlled the spatial
patterns of AET hence shaped the spatio-
temporal patterns of AET in lower river Kaduna
catchment area. Therefore, it is possible for
utilization of remote sensing (RS) and
geographical information system (GIS) tools in
providing solution for integrated water resources
management problems, especially water balance
and irrigation water, through estimation

10

of ET and crop water requirement in the study
area.
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