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Abstract

Climate change mainly affects crops via impacting evapotranspiration. This study quantifies climate change
impacts on evapotranspiration, crop water requirement, and irrigation water demand. Seventeen GCMs from
the MarkSim-GCM were used for RCP 4.5 and 8.5 scenarios for future projection. A soil sample was collected
from 15 points from the maize production area. Based on USDA soil textural classification, the soil is classified
as silt loam (higher class), clay loam (middle class), and clay loam (lower class). The crop growing season
onset and offset were determined using the Markov chain model and compared with the farmer’s indigenous
experience. The main rainy season (Kiremt) starts during the 1st meteorological decade of June for baseline
period and 2nd decade to 3rd decade of June for both RCP 4.5 and RCP 8.5 of near (2020s) and mid (2050s)
future period. The offset date is in the range of 270 (base period), RCP 4.5 (278, 284), and RCP 8.5 (281, 274)
DOY for baseline, near, and mid future. The rainfall and temperature change show an increasing pattern from
the base period under both scenarios. Furthermore, the reference evapotranspiration (ETo) estimating model
was developed using multiple variable regression and used for a future period in this study. In the base
period, ETo increases from 33.4 mm/dec in the 1st decade of July to the peak value of 52.1 mm/dec in the
3rd decade of May. Under RCP8 .5, the 2nd decade of August ETO is minimal (44.3 mm/dec), while in 1st
decade of April ETO was maximum (75.3 mm/dec) and raise from 44.3 mm/dec in the 2nd decade of August
to the peak value of 75.3 mm/dec in the 1st decade of April. Under RCP 4.5, ETO raises from 33 mm/dec in
the 1st decade of Dec to the peak value of 48 mm/dec in the 3rd decade of May. ETo shows an increasing
trend from the base period under both scenarios. During the base period, a maize variety with a growing
period of 110 days required 403.2 mm depth of water, while 67 mm is required as supplementary irrigation.
Crop water and irrigation requirements of the maize variety with a growing period of 110 days are predicted
to be 436.1 and 445.1 mm water during the 2020 and 2050 s for RCP 4.5, while 101.8 to 63.7 mm depth of
water as supplementary irrigation respectively and 441.3 and 447.3 mm of water during 2020 and 2050 s of
the future period for RCP 8.5, while 142.9 to 134.0 mm required as supplementary irrigation for both periods
of RCP 8.5 scenarios. Crop water need will increase by 8.16 and 10.39% for RCP 4.5 and by 9.45 and 10.94%
for RCP 8.5 of the 2020 and 2050 s respectively. In this study, a new ETO model is developed using a multiple
variable linear regression model and its degree of the fitting is statistically tested and Kc is adjusted for the
local climate, and hence, can be used in future irrigation and related studies. Generally, decision-makers, farm-
ers, Irrigation engineers, and other stakeholders can use the results of this study in irrigation design, monitoring,
scheduling, and other related activities.
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Highlights

• The crop growing season onset and offset were determined using the Markov chain model and compared with

the farmer’s indigenous experience.

• The rainfall and temperature change show an increasing pattern from the base period under both RCP 4.5 and

RCP 8.5 scenarios.

• Reference evapotranspiration shows an increasing trend from the base period (1984-2013) under both RCP 4.5

and RCP 8.5 scenarios.

• Crop water need will increase by 8.16 and 10.39% for RCP 4.5 and by 9.45 and 10.94% for RCP 8.5 of the 2020s

and 2050s respectively.

• A new reference evapotranspiration model is developed using a multiple variable linear regression model, its

degree of the fitting is statistically tested and Kc is adjusted for the local climate; hence, it can be used in future

irrigation and related studies.

Graphical Abstract
INTRODUCTION

Global food security is mainly being challenged by climate unpredictability in the world. Climate
change refers to the increase in earth temperature due to the release of greenhouse gases into the
earth’s atmosphere (IPCC 2007). It remains a challenge for scholars to quantify its local impact
due to the global scale of its impact. The climate change impact on crops can be impressive, due to
fluctuations in the amount of CO2 available for photosynthesis. Additionally, climatic factors such
as temperature, precipitation, moisture, and pressure influence the plants’ growth, either alone or
in assistance with other factors (Cutforth et al. 2007).
Climate change leads to water scarcity and worsens desertification (Saad et al. 2011; OECD 2013).

It also affects crop evapotranspiration and thus the irrigation water requirement (Osborne et al. 2000;
Quiroga & Iglesias 2009). Crop evapotranspiration plays a key role in the designation and manage-
ment of crop irrigation schedules (Djaman et al. 2018). Therefore, determining the irrigation water
requirement of crops is very crucial for optimal irrigation scheduling. One of the most widely used
means to determine crop water use is demand-based judgment (Ko et al. 2009; Ghamarnia et al.
2013). This approach uses the estimated ET and a crop-specific coefficient (Kc) to approximate the
crop water use (Allen et al. 1998).
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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Globally, the population inhabiting dry lands exceeds two billion, which constitutes approximately
40% of the world’s population (White & Nackoney 2003). In dryland regions, cereals are the mainly
grown crops on which life depends (LADA 2008). Whereas, agricultural productivity in such areas
is vitally dependent on water availability during the crop production season (Wang et al. 2016).
Severe droughts and significant losses of yield in the arid and semi-arid zones are due to the rising
temperature (Andreadis & Letten Maier 2006; Yadeta et al. 2020a). Similarly, in the middle Awash
River basin of Ethiopia, the impacts of climate change are worsening crop production via increasing
evapotranspiration losses (Yadeta et al. 2020b).
Thus, to bring sustainable food security in the area, drylands need to be managed precisely (UNEP

2000). To do so, promising measurements and predictions have to be accessible to safeguard water
resources and agricultural sectors in drylands (Gan 2000). Ethiopia in general and the middle
Awash basin, in particular, are susceptible to the impacts of climate change and variability (Tessema
et al. 2020; Yadeta et al. 2020a). The higher temperature resulting from climate change will induce
higher evapotranspiration (Yadeta et al. 2020b), which in turn affects the hydrological systems and
agriculture. Investigation of climate change impacts on several sectors, particularly agriculture, is
very core to the decision-makers; however, it is not well done yet in most developing countries like
Ethiopia. Particularly in the middle Awash River basin, even though the impacts of climate change
and variability are very devastating in the area, the study of climate change impacts on crops, soil
moisture, and irrigation work through water stress is not yet investigated. Thus, estimating crop
water and irrigation requirements for a proposed cropping pattern is an essential part of the planning
and design of an irrigation system and it is important to convey the policy for water resources’ optimal
allocation along with decision-making in irrigation systems’ operation and management.
Moreover, understanding the possible impacts of climate change is incredibly imperative in devel-

oping both adaptation strategies and actions to reduce climate change risks. Regrettably, the
inadequacy in the information about the climate change impacts on crops reduces the ability of policy-
makers to adjust their plans to cope with the future. In line with this, adaptation to climate change has
received more attention compared with mitigation. Parry et al. (1998) indicated that adaptation is
more intricate than mitigation, emission sources are relatively few, but the array of adaptation is enor-
mous, yet to ignore adaptation is both impractical and dangerous.
Adaptation refers to efforts to reduce the system’s vulnerabilities to climate change impacts.

According to IPCC (2007), adaptation is concerned with responses to both the negative and positive
effects of climate change. A wide range of responses can be implemented by policy decisions at the
regional or national level. These adjustments are adaptation strategies (Carter 1996).
At the farm level, agricultural adaptation to climate change depends on the technological potential,

such as different varieties of crops, irrigation technologies, changing sowing dates, and changing irrigation
schedules. But, in the study area, such adaptation strategies are not practiced yet. On the other hand, the
ability of farmers to notice climate change and carry out any necessary actions will be reflected in achiev-
ing higher crop water productivity. Assessment of climate variability impact on agriculture at the local
level has an enormous advantage in Ethiopia and crop water use also needs to be accurately predicted
by correctly predicting evapotranspiration and the extraction of soil water by plant roots (Richter & Seme-
nov 2005). Therefore, this study models the impacts of climate change evapotranspiration, crop water
requirement, and irrigation water demand in the middle Awash River basin of Ethiopia.
The study is structured as follows. After this introduction, the following section presents the

response types to observed meteorological and future scenario weather generations considered in
the present assessment. As physical data (soil sample and agronomic) is determined and available,
the emphasis is placed on the methods to integrate this information into a global soil and crop
water modeling framework. ETo and season onset and offset were determined using the Markov
chain and multiple variable linear regression model respectively. The subsequent section compares
the aggregated yield of ETo, season onset and offset and crop water demand under climate changes.
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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The main drivers of changes in crop water demand are also explored through a decomposition analy-
sis and ETo is modeling for both scenarios. The significance of the results is then discussed. The final
section concludes and the limitations of the current study are set out.
RESEARCH METHODOLOGY

Description of the study area

In the Kesem sub-basin of the middle Awash River basin, Berehet is located in the range of 39°590E to
8°550N in the Eastern part of Ethiopia and its area coverage is about 997 km2 (Figure 1). It is sur-
rounded by mountains and plateaus in its northern direction and is at a distance of 268 km from
the Ethiopian capital city Addis Ababa. In administrative terms, the woreda is bordered on the
south by the Germama River, which separates it fromMenjarna Shenkora, to the west by Hagere Mar-
iamna Kesem, in the north by Asagirt, and with the Afar Region to the east. The climate system of the
area is described as semi-arid to sub-humid in the north and northwest; but the north and northeast,
which covers the majority of the area, falls in the semi-arid climate, hence it receives a mean annual
rainfall of 995 and 534 mm. The rural economy of the people in the Berehet woreda is based on both
agricultural production and livestock rearing.
Figure 1 | Location map of the study area.
Primary data collection

Field survey and farmers experience

A reconnaissance survey was conducted to visualize the nature of possible variations on the topogra-
phy and soil of the study area to identify sampling locations (points) to ease the collection of soil
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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samples just for the sake of describing the soil and to scientifically compile and relate farmer’s experi-
ence with the existing study’s results.
Soil sampling and analysis

Soil sampling was undertaken for the Berehet woreda of the maize production area in the middle
Awash basin. Thus, a total of 15 sampling points covering all selected areas of maize production
land types were used. During survey work, maize-producing areas were pre-defined and the locations
were collected. Based on the complexity of topography and heterogeneity of the soil type for each
sampling point, 5 to 10 composite subsamples were taken from three classes by making a zigzag
shape. A soil auger was used for collecting disturbed soil samples and then composited. Soil samples
were taken at three depths (0–30, 30–60, and 60–90 cm).
The soil auger and other sampling tools were cleaned before taking the next sample to lessen the

cross-sample contamination among samples. After processing (drying, grinding, and sieving), the
soil was analyzed for soil physicochemical properties following the standard procedure compiled
by Sahlemedin & Taye (2000). The analyses were conducted at Werer Agricultural Research
Center soil laboratory.
Determination of soil physical properties

Soil physical parameters like soil texture, bulk density (Pd), field capacity (FC), permanent wilting
point (PWP), available water holding capacity (AWHC), and water infiltration rate were determined
using appropriate procedures and methods amassed by Sahlemedin & Taye (2000).
The soil texture of the field was determined in the laboratory using the pipette method (Carter &

Gregorich 1993). This is based on the direct sampling of the density of the solution. Soil bulk density
was determined from an undisturbed soil sample taken using a core sampler of known volume
(100 cm3) that was driven into the soil of desired depth and calculated as the ratio of the oven-dry
weight of soil to a known cylinder core sampler volume. Since bulk density varies considerably
spatially, the measurements were taken at three different soil depths of the soil profile and 15 samples
from the selected area of the district during the wet (maize production period) season. Mathemat-
ically, it is expressed as:

BD ¼ Wd
Vr

(1)

where, BD¼ bulk density, g/cm3;
Wd¼weight of oven-dry soil, g;
Vr¼ volume of ring, cm3.

Soil infiltration rates were determined at three sample locations (1 subclass� 1 replication/sample),
with one sample from each class. The measurement at each sample site was done in one replication
using a double-ring infiltrometer.
Secondary data

Agronomic data

Crop data, which consist of the Kc values, stage days, root depth, and depletion fraction of the crop,
were taken from FAO Irrigation and Drainage (FAO 2012). Information on maize varieties used by
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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local farmers and planting date (onset date) was obtained during survey work from the local farmers
by informal interview.

Observed meteorological data and future scenario weather generation

Thirty years of observed meteorological data of the Shola Gebeya weather station were collected from
the Ethiopian National Meteorological Agency. For future period climate projection, MarkSim_GCM
was used, which requires only geographical location (latitude and longitude) to downscale and gen-
erate daily future weather data for a given site at the locality. MarkSim_GCM operates with the aid
of 17 climate models. Therefore, the ensemble of the 17 GCMs Atmosphere-Ocean climate models
have been used for RCP 4.5 and RCP 8.5 emission scenarios for two-time slices of the future
period 2020 (2014–2043) and 2050 (2044–2073). MarkSim_GCM was accessed via http://gismap.
ciat.cgiar.org/.

Data preprocessing

To make the weather datasets acquiescent to further analyses, the missing values were patched
using the first-order Markov chain model with the aid of INSTAT plus V 3.37 (Stern et al. 2006)
while the consistency and homogeneity of rainfall were checked by the double mass curve technique
(Subramanya 2008) and using XLSTAT 2019 software by Standard Normal Homogeneity test method
respectively. Finally, the projected data processes were evaluated using the standard deviation (SD)
and mean absolute error (MAE), where in the latter is a quantity used to measure how close simulated
forecasts were to the observed data (Willmott & Kenji 2005).

Data analysis

Determination of onset and offset date of the maize growing season

In the current study, the start and end of the rainy season were determined scientifically using the
Markov chain model and compared with the farmer’s indigenous experiences. Accordingly, the
onset of the rainy season is defined as the first occasion from the first of June that records 20 mm
of rainfall amount or more over 3 days, and will not be followed by a period of more than 9 successive
dry days in the next 30 days (Stern et al. 2003). The situations of having no dry spells of above 10 days
after the start of the rainy season eliminate the possibility of a false start of the season. A period of 30
days is the average length for the initial growth stage of most crops (Allen et al. 2005). The end of the
season is computed using first-order Markov chain modeling by considering maximum daily evapo-
transpiration of 5 mm and soil available water holding capacity of 100 mm. Given the above
definitions, Instat statistical tool (Version 3.37) was used.

Modeling and estimation of reference evapotranspiration

Over time, several models have been developed and used for the estimation of evapotranspiration in
different parts of the world. All the models have their weaknesses and strength based on the climatic
conditions of the region they developed. Some of the methods use temperature data only while others
use solar radiation and sunshine data only. Among all the models developed, the Penman-Monteith
FAO 56 (PMF 56) is considered the standard method (Allen et al. 1998). This method is the most con-
sistent estimator of evapotranspiration among all the climate-based empirical methods.
However, it is parameter rich requiring solar radiation, the sunshine duration for estimating net

radiation; maximum and minimum temperature, psychrometric or relative humidity data for estimat-
ing the vapor pressure shortfall, and wind speed. But, collecting these parameters is very challenging
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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due to their rare existence in many weather stations particularly in developing countries like Ethiopia.
Therefore, in this study estimation of evapotranspiration followed two procedures. For the baseline
period, Penman-Monteith FAO 56 (PMF 56) was used as follows:

PET ¼
0:408D(Rn �G)þ g( 900

(Tþ273) )U2(es � ea)

Dþ g(1þ 0:34U2)
ð2Þ

where,

ETo¼Reference evapotranspiration(mm/day);
Δ¼ Slope of the saturated vapor pressure curve (kPa °C–1);
Rn¼Net radiation (MJ m–2 day–1);
G¼ Soil heat flux density (MJ m–2 day–1);
Tm¼Mean air temperature (°C) at 2.0 m;
U2¼Average wind speed at 2.0 m height (m s–1);
es¼ Saturation vapor pressure (kPa) at temperature Tm;
ea¼Actual vapor pressure (kPa); (es� ea) is the vapor pressure deficit (kPa); and
γ¼ Psychrometric constant (kPa °C–1).

This method was used with the aid of the CROPWAT software model.
However, for the future period, an empirical model was developed based on the historical climate

data using multiple linear regressions with the aid of SPSS software, and used for the future reference
evapotranspiration estimation. In this case, first, the climate parameters (maximum and minimum
temperature, relative humidity, wind speed, solar radiation, and sunshine hours) and the ETO that
is estimated using standard FAO 56 Penman-Monteith are prepared for the model development on
monthly basis. Secondly, the climate parameters are considered as independent variables, and the
ETO is estimated using FAO 56 Penman-Monteith as a dependent variable.
Then the climate parameters data of the study area were tested for the fittingness of a multiple linear

regression model. The relation between ETO and the climate parameters was obtained and compared
with a multiple linear regression model for ETO developed using the least-squares method, whose lin-
earity was checked by residual analysis. For a multiple linear regression model, the dependent
variable y is assumed to be a function of k independent variables x1, x2, x3… xk. The general form
of the equation is computed as follows:

yi ¼ b0 þ b1x1, iþ � � � þ bkxk, iþ ei, ð3Þ

where b0, b1,…, and bk are fitting constants; yi, x1, i,…, xk, I represent the ith observations of each of
the variables y, x1,…, xk, respectively; ei is a random error term representing the remaining effects on
y of variables not explicitly included in the model. For simple regression models, ei can be assumed to
be an uncorrelated variable with zero means. The further most common technique for estimating the
values of b0, b1… and bk is to employ the least-squares criterion with the minimum sum of squares of
error terms (S); that is to find b0, b1,… and bk to minimize:

S ¼
Xn

i¼1

(yiobserved � b0 � b1 x1, i � � � � � bkxk,i)
2 (4)

S ¼
Xn

i¼1

(yiobserved � yicalculated )
2 (5)

S ¼
Xn

i¼1

e2i (6)
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf



Water Practice & Technology Vol 16 No 3
871 doi: 10.2166/wpt.2021.033

Downloaded from http://iw
by guest
on 25 April 2024
Hence, b0, b1… and bk must satisfy the following:

@S
@bj

¼ 2
Xn

i¼1

ei
@ei
@bj

¼ 0, j ¼ 0, 1, . . . , k, (7)

Since, ei¼ yi observed – yi calculated, the above equation becomes:

@S
@bj

¼ �2
Xn

i¼1

ei
@yicalculated

@bj
¼ 0, j ¼ 0, 1, . . . , k, (8)

This is because MarkSim_GCM gives only rainfall and temperature data. Hence, in the future
period climate scenarios, only the influence of temperature (Tmax and Tmin) were considered
while other weather parameters (solar radiation data or sunshine duration, relative humidity data,
and wind speed) were considered from the baseline period data.
Adjustment of crop data

According to WARC (2016) and experiences of local farmers, the dominated and recommended
maize varieties in the middle Awash basin is Melkassa Hybrid two (MB2). The crop data taken
from (FAO56) were adjusted to the local condition of the study area. Depletion fraction was affected
by ETO (Smith et al. 2006) as shown below:

Padj ¼ Ptab þ 0:04(5� ETO), for ETO � 5, Ptab ¼ 0:55 (9)

where: Padj – adjusted depletion fraction, Ptab – tabulated depletion fraction.
The Kc value highly depends on relative humidity and wind speed at the mid-stage of crop growth.

Hence, when the value of relative humidity is high (RH .80%) and the wind speed is low (u, 2 m/
sec) the kc should be reduced by 0.05 and its values should be improved by 0.05 if the relative humid-
ity is low (RH ,50%) and the wind speed is high (u. 5 m/sec). The intervals out of the above
situation were adjusted as:

Kc adj ¼ Kc(tab) þ (0:04(U2–2)� 0:004 (RHmin � 45)) (h=3)0:3, h ¼ 2m (10)

where: Kc adj – adjusted crop coefficient, Kc (tab) – tabulated crop coefficient, U2 – wind speed, h – the
height of the crop, RHmin – minimum relative humidity.
Estimation of crop and irrigation water demand

Estimating the crop water and irrigation requirements for a proposed cropping pattern is an essential
part of the planning and design of an irrigation system and important in formulating the policy for
optimal allocation of water resources as well as in decision-making in the day-to-day operation and
management of irrigation systems. Therefore, Crop water requirement (CWR) was estimated as:

CWR ¼ Kc adj � ETO (11)

where:

CWR¼Crop water requirement, mm/day;
Kc adj¼Adjusted crop coefficient (adjusted using Equation (10) above);
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf
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ETO¼ evapotranspiration, mm/day (estimated using FAO 56 for base period Equation (2) and using
the developed empirical model for the future period).

To estimate crop and irrigation water requirements, it is essential to estimate the effective rainfall
over the cultivated area. Thus, effective rainfall (Peff) was estimated using the USDA S.C (1985)
method as:

Peff ¼ Pmonth � (125� 0:2 �Pmonth)=125, for Pmonth ,¼ 250mm (12)

Peff ¼ 125þ 0:1 �Pmonth, for Pmonth . 250mm (13)

where, Peff¼Effective precipitation; Pmonth¼mean monthly precipitation.
Irrigation requirement (IRn) is the water that must be supplied through the irrigation system to

ensure that the crop receives its full crop water requirement. Therefore, Irrigation water requirement
(IRn) was computed using:

IRn ¼ CWR � Pe (14)

where:

IRn¼Net irrigation requirement (mm);
CWR¼Crop water requirement (mm);
Pe¼Effective rainfall (mm).
RESULTS AND DISCUSSION

Rainfall and temperature change

The analysis showed that there was an increment in rainfall and temperature in the district. Rainfall
show the likely increase within the range of þ5.7 to þ9.51% and þ3.45 to þ6.43% for both RCP 4.5
and RCP 8.5 scenarios respectively (Figure 2). This result implies that wet condition are likely the pre-
vailing weather of the future in the district (Kim & Yu 2012; Weller & Cai 2013). This finding is in
harmony with the results of (Kim et al. 2008; IPCC 2013; Gebremeskel & Kebede 2017; Osima
2018; Yadeta et al. 2020a, 2020b; Tessema et al. 2020).
The minimum temperature was projected to increase by 1.04 °C to þ3.02 °C and þ0.03 °C to 5.13 °C

under both scenarios for the 2020 and 2050 s and consistent with the result of (IPCC 2013; Tekleab
et al. 2013; Osima 2018; Yadeta et al. 2020a, 2020b). Also, the maximum temperature was expected to
increase in the range of þ0.95 °C to þ1.98 °C and þ1.38 °C to þ2.83 °C for the 2020 and 2050 s of
both scenarios. The change in minimum temperature was faster and greater than the maximum temp-
erature. Such change is common globally (Paeth et al. 2005; Gebrehiwot & van der Veen 2013;
Tekleab et al. 2013; Osima 2018) which indicates warming nights have occurred in recent times.
The occurrence of high-temperature possesses occurrence of heavy rainfall, the reason is increasing
temperature creates active hydrological cycle (IPCC 2013). Likewise, increasing temperature causes
high evapotranspiration and, then crop and irrigation water requirement (Yadeta et al. 2020b).
Onset, offset, and length of the growing period of maize

The main rainy season (Kiremt) starts during the 1st meteorological decade of June for the baseline
period and 2nd decade to 3rd decade of June for both RCP 4.5 and RCP 8.5 of near (the 2020s)
and mid (the 2050s) future period.
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf



Figure 2 | Projected change in monthly rainfall (a), Tmax (b), and Tmin (c) from the base period for RCP 4.5 (left panel) and
RCP8.5 (right panel) scenarios. Note: Obs-observed, and PC- Projected change.
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The onset dates lower and upper quartile falls between 152 to 167 DOY (day of the year) for the
base period and 156 to 184 DOY for the 2020 and 2050 s for both scenarios (Table 1). This implies
that the chance of getting an onset date on 167 and 184 DOY is 75% and can expect the situation
at 152, 156, 151, and 161 DOY for both periods (Table 1). The earliest date of onset date was 131,
136,149, and 150 DOY while the latest date was 181 (base period), RCP 4.5 (186, 196) and RCP
8.5 (209, 192) and the optimal planting date was 156 (base period), RCP 4.5 (161, 171), RCP 8.5
(168, 173) for the base period, the 2020s and 2050s.
Late onset shortens the available length of the crop growing period and the potential to satisfy the

crop water requirement (Green 1966). However, the baseline and future variability of onset date
showed less variability compared to LGP but highly variable than cessation date, and showed less
standard deviation compared to LGP but higher than cessation. The higher standard deviation of
the onset date indicates that patterns could not be easily understood and consequently, decisions
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf



Table 1 | Descriptive statistics of onset date (a), offset date (b), length of growing period (c)

(a)
Base period

RCP 4.5 RCP 8.5

1984–2013 2014–2043 2044–2073 2014–2043 2044–2073

N 30 30 30 30 30

Min 131 150 136 136 149

Q1 (25%) 152 156 151 156 161

Q2 (50%) 156 161 171 168 173

Q3 (75%) 167 169 184 178 181

Max 181 186 196 209 192

Mean 157 162 168 168 170

SD 14 10.1 17.8 17.3 13.2

CV (%) 8.9 6.2 10.6 10.3 7.7

(b)
Base period

RCP 4.5 RCP 8.5

1984–2013 2014–2028 2028–2043 2014–2043 2043–2073

N 30 30 30 30 30

Min 267 274 274 274 274

Q1 (25%) 267 274 274 274 274

Q2 (50%) 270 278 284 281 274

Q3 (75%) 278 291 299 287 288

Max 289 300 316 303 297

Mean 275 281 286 282 279

SD 3.86 8.9 12.8 8.2 8.1

CV (%) 1.4 3.2 4.5 2.9 2.9

(c)
Base period

RCP 4.5 RCP 8.5

1999–2013 2014–2043 2044–2073 2014–2043 2044–2073

N 30 30 30 30 30

Min 88 89 78 78 82

Q1 (25%) 115 113 99 100 95

Q2 (50%) 114 117 118 117 112

Q3 (75%) 111 130 134 120 124

Max 139 138 165 145 131

Mean 113 118 117 113 108

SD 13 13 22.9 16.5 14.7

CV (%) 12.4 11 19.4 14.5 13.6

N, number of data set; min; minimum value, Q1 (25%), first quartile; Q2 (50%), second quartile; Q3 (75%), third quartile; max, maximum value; SD (+); standard

deviation; CV, coefficient of variation.
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relating to crop planting and related activities must be made with a high level of caution. The result is
similar to the study undertaken by Abiy et al. (2014), which stated that informed decision-making in
crop planting is the essential activity in agricultural planning more importantly when aligned with
characteristics of onset, offset, and LGP of the rainy season.
The offset date is in the range of 270 (base period), RCP 4.5 (278, 284), and RCP 8.5 (281, 274) DOY

for baseline, near, and mid future periods respectively, as shown in Table 1. The upper quartile, lower
quartile, minimum and maximum for offset date during the base period indicate that for the chance of
getting 75% of the time, the end date will occur at 270 to 284 DOY. The LGP for maize production in
the main rainy season ranged from 93 to 165 rainfall days for the baseline and future period
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respectively. The mean LGP of the area ranges from 113 to 118 rainfall days. This study agrees with
Yadeta et al. (2020a).

Soil characteristics analysis

The results for the composition of clay, silt, and sand percentages are shown in Table 2. Thus, as per
the USDA soil textural classification, the soil was classified as silt loam (higher class), clay loam
(middle class), and clay loam (lower class) soil.
Table 2 | The average particle size distribution of five sampling points for each class of the selected area

Class

Particle size distribution (%)

Textural classSoil depth (cm) Clay Silt Sand

Higher 0–30 10.6 77.6 11.8 Silt loam
30–60 20.4 69.2 10.4
60–90 22.4 67.8 9.8

Average 17.8 71.5 10.7

Middle 0–30 47.8 33.0 19.2 Clay loam
30–60 33.2 42.6 24.2
60–90 31.2 44.6 24.2

Average 37.4 40.1 22.5

Lower 0–30 41.4 35.8 22.8 Clay loam
30–60 38.4 37.0 24.6
60–90 39.6 35.0 25.4

Average 39.8 35.9 24.3
Soil bulk density of the area showed variation with the land class (Table 3) for all soil textures. It
varied between 1.41 to 1.47 gm cm�3 and generally, the lower class soil has slightly lower bulk density
than the middle and higher class, with an average bulk density of 1.42 gm cm�3 for clay loam texture.
From higher to lower class, the soil bulk density decreases. As bulk density increases, soil pore space
gets smaller, tending to increase soil compaction. The smaller the soil compaction, the greater the
moisture content at field capacity and permanent wilting point in the selected area, and the reverse
was true for higher soil compaction.
Table 3 | Laboratory analysis results of soil samples

Soil texture Soil depth (cm) Pd Mc FC (%) PWP (%) TAW (cm/cm)

Silt loam 0–30 1.43 18.10 31.70 7.93 23.77

30–60 1.47 20.60 30.92 9.44 21.48

60–90 1.52 21.23 29.87 10.14 19.89

Average 1.47 19.98 30.83 9.17 21.71

Clay loam 0–30 1.40 18.54 38.88 25.44 13.44

30–60 1.43 21.17 37.28 22.31 14.97

60–90 1.45 22.36 36.56 21.98 15.01

Average 1.43 20.69 37.57 23.24 14.47

Clay loam 0–30 1.39 23.81 41.56 28.38 13.44

30–60 1.40 22.62 41.20 25.10 16.10

60–90 1.43 19.85 40.65 25.02 16.56

Average 1.41 22.09 41.14 26.17 15.37

Pd, bulk density in gmcm�3,Mc, Available soil moisture dry weight basis, %, FC- field capacity-%, PWP- permanent wilting point-%, TAW, total available water- cm/cm.
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The average water content at field capacity and permanent wilting point of the soil were determined
to be 30.83 and 9.17%, respectively, for silt loam and 41.8 to 24.74 for clay loam. The moisture con-
tent at field capacity varied with depth between 31.7 to 30.9% and 37.28 to 41.56% on a mass basis for
silt loam and clay loam, respectively. The top (0–30 cm) has a larger average water content of field
capacity while the subsurface 30–90 cm has a lower value of field capacity in all textures.
The permanent wilting point moisture content showed variation with depth, as shown in Table 3.

Total available water (TAW), which is the depth of water that a crop can extract from its root zone, is
directly related to variation in field capacity and permanent wilting point. The total average available
soil moisture for silt loam texture was 21.71 cm/cm and 14.47 to 15.37 cm/cm for clay loam. The
measurement of infiltration rate at each sample site ranges between 10–15 mm hr�1 for silt loam
and 5–7 mm/hr for clay loam soil using a double-ring infiltrometer. Hence, the average value of
soil infiltration rate in the selected area of the study area was 12.0 and 6.0 mm hr�1 for silt clay
and clay loam, which is analogous with WARC (2016).

Modeling and estimation of reference evapotranspiration

Reference crop evapotranspiration (ETO) under current climate

Using the decadal averaged daily ETO, reference evapotranspiration of the Shola Gebeya station is
calculated by using the Penman-Monteith method, as shown in Table 4. It is observed that the
annual reference crop evapotranspiration was estimated at 1,587.75 mm per year, which is equal to
43.5 mm per 10 days. The mean annual rainfall (1,114.12 mm per year) was lower than the reference
crop evapotranspiration by 473.6 mm per year.
Table 4 | The monthly decadal (mm/dec) and daily (mm/day) average reference ETO at the selected area of study under the
current climate (1984–2013)

Month

1st decade 2nd decade 3rd decade

Per day Decade Per day Decade Per day Decade

Jan 3.77 37.70 3.16 31.60 3.92 39.20

Feb 4.19 41.90 3.65 36.50 4.88 48.80

Mar 4.87 48.70 4.12 41.20 4.94 49.40

Apr 4.80 48.00 4.12 41.20 4.72 47.20

May 4.86 48.60 4.06 40.60 5.21 52.10

Jun 4.37 43.70 3.86 38.60 4.60 46.00

Jul 3.34 33.40 3.47 34.70 3.43 34.30

Aug 3.70 37.00 3.81 38.10 3.88 38.80

Sep 4.30 43.00 3.98 39.80 4.41 44.10

Oct 4.55 45.50 3.72 37.20 4.54 45.40

Nov 4.14 41.40 3.25 32.50 4.04 40.40

Dec 3.73 37.30 2.92 29.20 3.87 38.70

Kiremt 3.93 39.28 3.78 37.80 4.08 40.80

Belg 4.68 46.80 4.24 42.40 4.94 49.38

Bega 4.05 40.48 3.99 39.90 4.09 40.93
Maximum ETO occurred in the month of March, which is 49.4 mm/dec, and the minimum
occurred in the month of December, with a mean of 29.2 mm/dec.
Moreover, in the decade, maximum ETO was 52.10 mm, equivalent to 5.21 mm per day, and hap-

pened in the 3rd decade of May and the minimum value occurred during the 2nd decade of July which
was estimated at 29.20 mm per decade. This implies that ETO will be high during the belg seasons for
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the baseline period. This is due to high extreme temperature, wind and solar radiation, and low rela-
tive humidity. Therefore, the results imply that the enhancement of rainfall couldn’t be a guarantee to
reduce the rate of evapotranspiration. This is possibly due to the change in temperatures. In this
regard, it was confirmed that climate change would have a severe consequence even in better rainfall
distributions. Therefore, using this season for maize production would affect the yield in terms of
water stress in the study area.
Modeling reference evapotranspiration using multiple variable regression

The constructed regression model takes the following form:

Y ¼ �0:125þ 0:088� 1þ 0:008� 2þ 0:294� 3þ 0:324� 4þ 0:251� 5� 0:016� 6þ 0:096

where: - Y is expected ETo, (�0.125) is an intercept of the variables, 0.096 is the standard error, x1, x2,
x3, x4, x5, and x6 are Tmax, Tmin, Wind speed, Sunshine hour, Radiation, and Relative humidity
respectively.
As shown in the model, Sunshine hour is the greatest contributor (at the rate of 0.324 unit), the

second positively influencing variable is wind speed (0.294 unit), the third positively influencing vari-
able is solar radiation (0.251 unit) followed by Tmax (0.088 unit) and Tmin (0.008 unit) (Table 5).
Except for the relative humidity, which negatively influences by � 0.016 unit, other climate par-
ameters had a positive effect on ETO. Positively influencing means occurred with increasing
weather parameters, there could be an increase of ETO and vice versa for the negatively influencing
variables. In agreement, Yadeta et al. (2020b) found that except for relative humidity, the remaining
weather parameters have a direct relationship with ETO. Generally, the weather parameters used in
the modeling and the specification formed were sufficient, implying that this model can be success-
fully used in estimating the ETO of the area, and another place having similar weather conditions
with the study area.
Table 5 | Multiple linear regressions

Variable Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept �0.125 6.270 �0.02 0.985 �14.585 14.334

Tmax 0.088 0.196 0.446 0.667 �0.365 0.541

Tmin 0.008 0.065 0.12 0.906 �0.157 0.141

Wind speed 0.294 0.998 0.295 0.775 �2.007 2.595

Sunshine hour 0.324 0.259 1.25 0.246 �0.922 0.273

Radiation 0.251 0.110 2.273 0.053 �0.004 0.506

Relative humidity �0.016 0.041 �0.40 0.696 �0.110 0.077
Analysis of variance (ANOVA) and regression model fitting for the predictors

94.8% of ETO variation shown has been caused by the joint influence of local weather parameters.
Statistically, a realistic R2 value was observed by the variance inflation factor and multiple regression
model, which could be a sign of there being no multi-co-linearity problem among the selected predic-
tor variables, as shown in Table 6. Validation results confirmed that the model with the used weather
variables can effectively estimate the ETO of the study area, and areas with similar climatic con-
ditions, with great performance. This result is also similar to Yadeta et al. (2020b).
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Table 6 | Regression model fitting for the predictors and ANOVA

Regression model Regression value

Multiple R 0.9852

R square 0.9705

Adjusted R square 0.9484

Standard error 0.0959

Observations 15

Source df SS MS F P value

Regression 6 2.424 0.404 43.8975 1.080E-05

Residual 8 0.074 0.009

Total 14 2.498

R¼ coefficient of determination, R2¼ coefficient of multiple determination, R2¼ adjusted coefficient of multiple determination adjusted, df¼ degrees of freedom,

SS¼ sum square, Ms¼mean square, F¼ F-calculated, P-value¼ probability value.
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Future reference crop evapotranspiration (ETO)

The current study found that there is an expectation of high values of ETO in future scenarios follow-
ing the higher temperature. The ETO in the baseline period, the 2020s and 2050s by scenarios are
presented in Figure 3. Thus, ETO in the base period varies in the range of 33.4 to 52.1 mm/dec. It
increases roughly from 33.4 mm/dec in the 1st decade of July to the peak value of about 52.1 mm/
dec in the 3rd decade of May. The highest ETO in March can be explained by the hot (before the after-
noon time) and windy weather conditions of this month.
Figure 3 | Change in evapotranspiration (ETO) by period and scenarios in the study area.
In the RCP 8.5 scenarios, minimum and maximum ETO was predicted to be in the range of 44.3 to
75.3 mm/dec. In the 2nd decade of August, ETO was minimal (44.3 mm/dec) while in the 1st decade
of April ETO was maximum (75.3 mm/dec). It increases roughly from about 44.3 mm/dec in the 2nd
decade of August to the peak value of about 75.3 mm/dec in the 1st decade of April. In the case of
RCP4.5 scenarios, ETO varies in the range of 33 to 48 mm/dec. The ETO increases roughly from
approximately 33 mm/dec in the 1st decade of Dec to the peak value of about 48 mm/dec in the
3rd decade of May. The projected ETO change between RCP 4.5 and RCP8.5 is significant (Figure 3).
Comparison between the base period and the scenarios show that the peak value ETO increases

from 33 to 48 mm/dec for RCP 4.5 and from 44.3 to 75.3 mm/dec for RCP 8.5. The yearly ten-day
average ETO was 40.88 mm/dec in the base period, which was predicted to be 41.57 mm/dec for
RCP 4.5 and 58.44 mm/dec for RCP 8.5 scenarios. The percentile change in ETO was found as
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�0.04, 1.02% for RCP 4.5 of the 2020s and 2050s and 21.24, 24.29% change in ETO for RCP 8.5 of the
2020s and 2050s respectively. The result is similar to the study undertaken by Rao et al. (2011).
The mean decadal change in ETO for the two scenarios is presented by the period in Figures 4

and 5. These figures reveal that ETO will be high during the Belg and kiremt seasons of the year.
This is possibly due to the change in extreme temperatures. In this regard, it was confirmed that cli-
mate change would have a severe consequence even in better rainfall distributions (Yadeta et al.
2020a). Kiremt season will be characterized by the lower rate of reference evapotranspiration in
both 2020s and 2050s for the two scenarios in respect of belg season.
Figure 4 | The ten-day change pattern of ETO at the study area by period for the RCP 4.5 scenario.

Figure 5 | The ten-day change pattern of ETO at the study area by period for the RCP 8.5 scenario.
Effective rainfall under the influence of variable climate scenarios

As per the USDA S.C (1985) method, the effective rainfall was calculated for each growing period and
stage of maize as shown below on a monthly basis for the baseline period (Table 7).
Like that of the baseline period, the effective rainfall of the future period was calculated via the

USDA S.C (1985) method, for each growing period and stage of maize as shown below on a monthly
basis (Table 8).
Adjusting crop characteristics based on the observed climatic conditions

The suggested values of kc for maize growth by FAO-56 guidelines are 0.15 for initial, 1.5 for mid-
season, and 0.5 for late-season. However, during the baseline period, the relative humidity is between
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Table 7 | The monthly basis recorded and effective rainfall (mm/month) for the baseline period

Months Rec. rain (mm) Eff. rain (mm)

Jan 19.10 18.50

Feb 14.80 14.40

March 61.60 55.60

Apr 109.70 90.40

May 216.80 141.60

Jun 83.30 72.20

Jul 327.40 157.70

Aug 318.60 156.90

Sep 85.80 74.00

Oct 15.0 14.60

Nov 12.80 12.50

Dec 8.70 8.60

Rec. rain – recorded rainfall; Eff. Rain – effective rainfall.

Table 8 | The monthly basis recorded and effective rainfall (mm/month) for the future period under the two scenarios for near-
century

Month

RCP 4.5 (a) RCP 4.5 (b) RCP 8.5 (c) RCP 8.5 (d)

Est. rain Eff. rain Est. rain Eff. rain Est. rain Eff. rain Est. rain Eff. rain

Jan 54.3 49.6 54.3 49.6 24.6 23.6 51.8 47.5

Feb 47.2 43.6 29.5 28.1 26.8 25.7 20.3 19.7

March 43.2 40.2 16.8 16.4 46.3 42.9 33.6 31.8

Apr 106.5 88.4 37.0 34.8 59.6 53.9 63.6 57.2

May 209.5 139.3 84.8 73.3 169.2 123.4 164.0 121

Jun 126.3 100.8 184.0 129.8 97.5 82.3 123.9 99.4

Jul 274.7 152.5 126.7 101.0 294.5 154.5 325.0 157.5

Aug 278.9 152.9 316.5 156.6 263.8 151.4 315.4 156.5

Sep 67.8 60.5 309.2 155.9 61.1 55.1 65.4 58.6

Oct 11.1 10.9 68.2 60.7 12.5 12.3 13.8 13.5

Nov 6.8 6.7 14.1 13.8 12.8 12.5 16.1 15.7

Dec 4.1 4.1 10.4 10.2 1.4 1.4 3.8 3.7

Est., estimated rainfall, mm, Eff., effective rainfall, mm; RCP 4.5: (a) 2020s; (b) 2050s, RCP 8.5: (c) 2020s; (d) 2050s.
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50 and 80% and wind speed is greater than 2 m/s in the months of June, July, August, and September.
Hence, the kc value was adjusted as per Equations (14) for mid-season, as shown in Table 9.
Table 9 | The suggested and adjusted kc and growth stage value for each growth stage of the maize growing period

Crop stage Suggested Kc Computed Kc Suggested growth stage Comp. growth stage

Initial 0.15 0.15 20 18

Mid-season 1.50 1.51 35 31

Late season 0.50 0.50 30 26
During the initial stage for annual crops, evapotranspiration is mostly in the form of evaporation.
Therefore, precise estimates for Kc ini were considered the frequency with which the soil surface is
wetted during the initial period. Where the soil is frequently wet from rain, the evaporation from
a.silverchair.com/wpt/article-pdf/16/3/864/1103198/wpt0160864.pdf



Water Practice & Technology Vol 16 No 3
881 doi: 10.2166/wpt.2021.033

Downloaded from http://iw
by guest
on 25 April 2024
the soil surface can be considerable and Kc ini is large. On the other hand, when the soil surface is dry,
evaporation is restricted and the Kc ini are small (Table 9). Kc mid is less affected by wetting frequency
than is Kc ini, as vegetation during this period is generally near full ground cover so the effects of sur-
face evaporation on Kc are lesser. For frequent rain of crops, the Kc mid of less than 1.0, the value can
be replaced by approximately 1.1–1.3 to account for the combined effects of continuously wet soil
(FAO 2011). Therefore, both the soil surface and vegetation are dry and the value for the Kc end

was relatively small.
Regarding depletion fraction, the suggested depletion fraction by FAO was 0.55% for ETO≈ 5. But

the average ETO during the maize growing period in the Berehet woreda was 4.06 mm/day, which is
less than the suggested one. Hence, the depletion fraction during the maize production period needs
adjustment using Equation (9). As per the equation, the adjusted value of depletion fraction in
percentage was adjusted to 0.59%.
Estimation of maize and irrigation water requirement under the influence of variable climate scenarios

Maize crop evapotranspiration (ETc) of the baseline period

Often rainfall is vital but not adequate to cover the water requirement of the crops (Smith et al. 2006).
Crop production in the dry season is only possible with irrigation, while it might be possible in the
rainy season but unreliable because of prolonged dry spells and drought; yields will be less than opti-
mal production. When rainfall is not enough to cover the water demands of crops, irrigation water has
to supplement the rainwater in such a way that the rain and irrigation water together satisfies the
water needs of crops.
It is essential to know the water requirement of a crop, which is the total quantity of water required

from its sowing time up to harvest. Different crops may have different water requirements at different
places in the same country, depending upon the climate, type of soil, method of cultivation, and effec-
tive rain. At the same time, water supplies available for irrigation will become more variable and will
decline because of climate variability and change. Climate alteration will affect agriculture by boost-
ing water demand, off-putting crop productivity, and dropping water availability in areas where
irrigation is most needed or has a comparative advantage.
Thus, once climate change impacts are appraised, it is important to analyze what measures should

be taken to adapt to the potential consequences of climate variability related to irrigation. One possi-
bility is to expand irrigation with locally available water sources. Where rain-fed cropping systems are
displaced to the margins, the delivery of irrigation plays a strategic role in either stabilizing the pro-
duction of grains or in supporting a low danger, high-value production system with a strong
commercial focus.
Therefore, the water needs of maize crops during the baseline period were done for clay loam soil

textures since it covers more than 70% of the selected area. Table 10 shows summaries of crop water
and irrigation needs of maize in the study area. A maize variety with a growing period of 110 days to
maturity would require 403.2 mm depth of water, while 67 mm would be required as supplementary
irrigation depth.
Implication of climate change on maize water needs under future period

As per the baseline period, maize water needs for the future period under RCP 4.5 and RCP 8.5 scen-
arios need input data like ETO, soil data, crop data, and effective rainfall for computation of maize
water needs. Even though it is recommended to estimate future soil data, its value varies between
pointed intervals (FAO 2011). Therefore, soil data of the baseline period were used for the future
one, and the above determined ETO, crop data and effective rainfall were used.
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Table 10 | Summary for total water and irrigation requirements for maize under the baseline period (1984–2013)

Month Decade Stage Kc ETc (mm/day) ETc (mm/dec) Eff rain (mm/dec.) Irr. Req. (mm/dec)

Jun 1 Init 0.15 0.72 7.2 2.7 0.7

Jun 2 Init 0.15 0.68 6.8 16.7 0.0

Jun 3 Dev 0.17 0.72 7.2 28.7 0.0

Jul 1 Dev 0.48 1.73 17.3 45.8 0.0

Jul 2 Dev 0.86 2.73 27.3 56.7 0.0

Jul 3 Dev 1.26 4.28 47.0 55.2 0.0

Aug 1 Mid 1.49 5.47 54.7 55.0 0.0

Aug 2 Mid 1.49 5.69 56.9 56.1 0.8

Aug 3 Mid 1.49 6.01 66.1 45.6 20.4

Sep 1 Late 1.32 5.62 56.2 33.1 23.0

Sep 2 Late 0.96 4.26 42.6 23.6 19.1

Sep 3 Late 0.65 2.9 20.3 12.1 2.9

Total 403.2 431.4 67.0
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Accordingly, the crop water and irrigation requirements of a maize variety with a growing period of
110 days to maturity were predicted to be 436.1 and 445.1 mm depth of water during the 2020s and
2050s of the future period for RCP 4.5, while 101.8 to 63.7 mm depth of water would be required as
supplementary irrigation respectively. Whereas, 441.3 and 447.3 mm depth of water was required
during the 2020s and 2050s of the future period for RCP8.5, while 142.9 to 134.0 mm would be
required as supplementary irrigation for both periods of RCP 8.5 scenarios (Table 11).
These results reveal that the average rate of CWR is increased approximately by 8.16 and 10.39% for

RCP 4.5 and by 9.45 and 10.94% for RCP 8.5 scenarios of the 2020s and 2050s respectively. The result is
similar to the study undertaken by Rao et al. (2011). According to Rao et al. (2011), the crop water
requirement of maize for the future period of 2025 and 2050 ranges between 404 to 447 mm in semi-
humid to semi-arid agro-ecology from the base period of the 1990s. Also, it is significant to note that pro-
jections of water demands of semi-humid to arid for the future period, which is worked out by the IWMI
(International Water Management Institute), said that even with the lower estimates projected by the
IWMI, there will be a substantial future increase in irrigation water requirements (Sharma 2006).
CONCLUSION

This study quantifies climate change impacts on crop and irrigation water demand in the middle
Awash River basin. The main rainy season (Kiremt) starts at 156 DOY for the baseline period and
161 to 171 DOY for RCP 4.5 of the 2020s and 2050s and 168 and 173 DOY for RCP 8.5 of the
2020s and 2050s of a future period. It ceases in the range of 274 to 286 DOY for the baseline and
future periods and has an LPG of between 113 to 118 rainfall days. In this season, the rain will
likely increase by about 1.8% by the 2020s and 20% by the 2050s for RCP 4.5 and 6% by the
2020s, and 21.73 by the 2050s for RCP 8.5 scenarios.
ETO is in the range of 33.4 to 52.1 mm per decade in the base periods, which is predicted to be in

the range of 44.1 to 75.3, and 33 to 77.3 mm per decade for RCP 4.5 and RCP 8.5 respectively for the
2020s and 2050s. Overall, there is 0.04, 1.02% for RCP 4.5 of the 2020s and 2050s, and 21.2, 24.3%
change in ETO for RCP 8.5 of the 2020s and 2050s from the base period. CWR will be 436.1,
445.1 mm for RCP 4.5 and 441.3, 447.3 mm for RCP 8.5 and IR ranges between 63.7 to 101.8 mm
for RCP 4.5 and 142.9 to 134 mm for RCP 8.5 of the 2020s and 2050s. CWR will increase by 5.1
and 9.5% for RCP 4.5 and by 6.55 and 10.3% for RCP 8.5 of the 2020s and 2050s from the base
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Table 11 | Summary for total water and irrigation requirements for maize under future climate: 2014–2043 (a); 2044–2073 (b)

(a) Month Decade

Kc coeff ETc (mm/day) ETc (mm/dec) Eff rain (mm/dec.) Irr. Req. (mm/dec)

4.5(a) 4.5(b) 4.5(a) 4.5(b) 4.5(a) 4.5(b) 4.5(a) 4.5(b) 4.5(a) 4.5(b)

Jun 2 0.13 0.13 0.82 0.82 8.20 8.20 29.30 47.30 0.00 0.00

Jun 3 0.14 0.14 0.80 0.80 8.00 8.00 36.50 42.80 0.00 0.00

Jul 1 0.40 0.40 1.97 1.97 19.70 19.70 46.70 34.20 0.00 0.00

Jul 2 0.76 0.76 3.26 3.26 32.60 32.60 53.20 29.70 0.00 2.90

Jul 3 1.14 1.14 4.95 4.95 54.40 54.40 52.50 37.20 1.90 17.20

Aug 1 1.39 1.41 6.20 6.20 62.00 65.00 53.80 47.80 8.20 14.20

Aug 2 1.39 1.41 6.21 6.21 62.10 64.10 55.40 54.90 6.70 9.20

Aug 3 1.39 1.42 6.26 6.26 68.90 70.90 43.60 53.90 25.20 15.00

Sep 1 1.26 1.26 5.71 5.71 57.10 58.10 29.10 55.00 28.10 2.10

Sep 2 0.90 0.89 4.11 4.11 41.10 41.10 18.10 56.40 22.90 3.00

Sep 3 0.57 0.60 2.76 2.76 22.00 23.00 10.60 35.50 8.70 0.00

Total 436.10 445.10 428.90 494.70 101.80 63.70

(b) Month Decade

Kc coeff ETc (mm/day) ETc (mm/dec) Eff rain mm/dec) Irr. Req. (mm/dec)

8.5(a) 8.5(b) 8.5(a) 8.5(b) 8.5(a) 8.5(b) 8.5(a) 8.5(b) 8.5(a) 8.5(b)

Jun 2 0.14 0.14 0.89 0.89 2.70 2.70 6.60 8.80 2.70 2.70

Jun 3 0.14 0.14 0.81 0.81 8.10 8.10 31.90 37.10 0.00 0.00

Jul 1 0.18 0.18 1.01 1.01 10.10 10.10 45.80 47.90 0.00 0.00

Jul 2 0.51 0.51 2.46 2.46 24.60 24.60 55.00 55.30 0.00 0.00

Jul 3 0.88 0.89 4.13 4.13 45.40 45.40 53.50 54.30 0.00 0.00

Aug 1 1.29 1.28 5.59 5.59 55.90 55.90 53.70 55.40 2.20 0.60

Aug 2 1.45 1.48 5.81 5.81 58.10 60.10 54.90 56.80 3.30 1.40

Aug 3 1.47 1.48 6.03 6.03 66.30 67.30 42.70 44.40 23.60 22.00

Sep 1 1.47 1.47 6.27 6.27 62.70 62.70 27.40 28.70 35.30 34.00

Sep 2 1.15 1.15 5.35 5.35 53.50 53.50 15.90 17.00 37.70 36.50

Sep 3 0.81 0.79 3.95 3.95 39.50 39.50 11.90 12.80 27.60 26.70

Oct 1 0.54 0.55 2.87 2.87 14.30 17.30 3.80 4.00 10.60 10.30

Total 441.30 447.30 403.20 422.50 142.90 134.00
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period. Increment in CWR can cause an increase in stress on the water resource. In this study, a new
ETO model is developed using a multiple variable linear regression model and its degree of fitting is
statistically tested and Kc is adjusted for the local climate; hence, it can be used in future irrigation
and related studies. Generally, decision-makers, farmers, irrigation engineers, and other stakeholders
can use the results of this study in irrigation design, monitoring, scheduling, and other related activi-
ties. Further studies on climate modeling that integrate soil-water-atmosphere, socio-economic and
institutional aspects of a climate system under different emission scenarios by using multiple crop
simulation models should be conducted to assess the potential impact of future climate change on
crop production and design adaptation strategies for development policy for the future.
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