
 
International Journal of Energy and Environmental Science 
2021; 6(3): 50-66 

http://www.sciencepublishinggroup.com/j/ijees 

doi: 10.11648/j.ijees.20210603.11 

ISSN: 2578-9538 (Print); ISSN: 2578-9546 (Online)  

 

Water Requirement for Maize Crop Under Climate Change in 
Mirab Abaya Woreda, Southern Ethiopia 

Alem Getachew Legesse 

Department of Meteorology and Hydrology, Arba Minch University, Arba Minch, Ethiopia 

Email address: 

 

To cite this article: 
Alem Getachew Legesse. Water Requirement for Maize Crop Under Climate Change In Mirab Abaya Woreda, Southern Ethiopia. 

International Journal of Energy and Environmental Science. Vol. 6, No. 3, 2021, pp. 50-66. doi: 10.11648/j.ijees.20210603.11 

Received: March 16, 2021; Accepted: May 21, 2021; Published: May 31, 2021 

 

Abstract: Climate change is a topic of discussion worldwide including in Ethiopia. Ethiopia is one of the country’s most 

vulnerable to the impacts of climate variability and change on agriculture. This study investigates were to examine crop water 

requirements under climate changes scenarios for maize crop at Mirab-abaya woreda which is situated in 6.18◦ N latitude and 

37.77◦E longitude. Dynamically downscaled climate model outputs were obtained from the CORDEX-Africa program for (RCP) 

Representative Concentration Pathway of both scenarios which were used for future climatic conditions of the future periods; 

(2021 – 2050). The projected data was quality checked, biased corrected and model performance was evaluated. Mann Kendall's 

trend detection and Sen.’s slope estimator were used by XLSTAT software to evaluate the trends of projection and to detect 

changes. Hargreaves method was used to estimate current and future crop evapotranspiration of Maize. The result for observed 

and future revealed that the maximum and minimum temperatures increase in all time horizons. However, Projections of future 

rainfall suggest that annual rainfall decreases in both scenarios, the current and future potential evapotranspiration show that 

increasing trend in both cases except the observed Mirab-abaya station. 
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1. Introduction 

Water is important for all forms of life and is becoming a 

scarce natural resource in the future owing to climate 

variability/change. It is crucial for crop production and the 

best use of available water must be made for efficient crop 

production and high yields. The relationships between crop, 

climate, water, and soil are complex and many biological, 

physiological, physical, and chemical processes are involved. 

Knowledge of reliable estimates of water required by different 

crops in a given set of climatological conditions of a region is 

a great help in rational utilization of irrigation water for 

irrigation scheduling, planning of irrigation schemes, and 

effective design of water-saving and management systems. 

The average global surface temperature is projected to 

increase by 1.4- 3°C from 1990 to 2100 for low emission 

scenarios and 2.5-5.8°C for higher emission scenarios of 

greenhouse gases in the atmosphere [35]. Climate plays an 

important role in crop production. Crops growth periods, 

crops water requirements and irrigation scheduling for crops 

are dependent on weather conditions in a site [20]. 

Climate change refers to the deviation of climate/ 

atmospheric conditions over time from its long-term average 

conditions naturally or as a result of human activity and this 

change can have an impact on both globally as well as 

regionally thus impacts are flood, drought, land Slides, 

Hurricanes. Climate change has become one of the great 

challenges to the development of countries. It is now affecting 

agriculture and food production worldwide. There is evidence 

of declining crop yield due to climate change in many 

countries [38]. 

This challenge appears to be more devastating in the case of 

low-income countries. This is partly because of the high 

vulnerability of poor countries to climatic shocks due to their 

limited capacity to adapt and that agriculture accounts for a 

larger fraction of their economy and agriculture in these 

countries is climate-sensitive partly because of generally 

already high temperature and that it is largely rain-fed. As a 

result, significant proportions of people living in poor 

countries are facing the risks of food insecurity. Developing 

countries, including African countries, are vulnerable to 

climate change due to an increase of stresses such as human 
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population, water scarcity, land degradation, and food 

insecurity [29; 51]. 

Agriculture is highly dependent on climate conditions and 

therefore subjected to change, with obvious impacts on food 

security. Changing environmental conditions such as rising 

temperatures, 

Changing precipitation patterns, and an increase of extreme 

weather events seriously affect agricultural productivity, as 

vulnerability increases and even farming viability [14]. 

Ethiopian agriculture is characterized by extreme 

dependence on rainfall, low use of modern agricultural inputs, 

and low output levels [4]. More than 85% of livelihood in 

Ethiopia is dependent on rainfed agriculture that renders them 

much vulnerable to climate variability and change [55]. The 

majority of the Ethiopian population is dependent on rain-fed 

agriculture, but the agricultural production and productivity 

showed a declining trend from the 1960s onwards [17], due to 

changes in rainfall conditions which have a direct and 

immediate impact on the performance of the agricultural 

sector as well as on the country‘s total GDP [16]. 

General objective 

The major aim of this study is to determine crop water 

requirements under climate change scenarios. 

Specific objectives 

To analyze the historical and future trend of precipitation, 

temperature, and evapotranspiration over Mirab-abaya. 

To estimate crop water requirement for maize of 

Mirab-abaya. 

To evaluate future crop water requirement of Maize under 

climate change scenarios for the 2050s. 

Significant of the Study 

The importance of the study is to indicate ways of 

maximizing Maize productivity in the Study area, to suggest 

ways how to increase awareness of the community about the 

impact of climate change on Maize production, to help 

agricultural sectors to take action for the consequence of 

climate change and increasing readiness before their effect. 

The findings of this study might be used in the future by 

different governmental and non-governmental organizations, 

Researchers, and other bodies who work on maximizing 

Agricultural production in the study area as reference 

material. 

Limitation of the study 

Using uniformly distributed meteorological stations with 

long years of data records provide important information 

compared to the limited number and years of data records 

especially for water requirement under climate change but, in 

the study area, few meteorological stations are available 

which are used for analysis based on their data availability. 

Location 

The study was carried out in Mirab-abaya Wereda, 

Gamogofa Zone, Southern Nations, Nationalities, and 

People’s Region of Ethiopia, located between 6.15°N to 

6.36°N latitude and 37.35°E to 37.56°E longitude. 

Mirab-abaya bordered Wolaita Zone [Humbo Wereda and 

Boreda Wereda] from the north, Arbaminch Zuriya Wereda 

from the south, Lake Abaya from the east, and Chencha 

Wereda from the west (Figure 1). 

 

Figure 1. Map of the study area. 

Crop data 

The crop data such as Kc value, root depth, critical depletion, 

maximum crop height, and the lengths of crop development 

stages those crop data were collected from FAO no. 56 2000. 

A general framework of the study 

The major steps followed in this study were summarized by 

a flowchart in Figure 2. Following data collection, process and 

quality test of such as in filling the missed data of observed 

data, homogeneity test, consistence test, bias correction, and 

then data organization and preparation for Crop model input 

has been performed. 

 

Figure 2. General framework of the study. 

Meteorological data 

Daily rainfall, minimum and maximum temperature, wind, 

relative humidity, and sunshine hours were collected from the 

National Meteorological Agency of Ethiopia. 
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Table 1. Stations Information. 

Station Long Lat Type of data % of missing 

M/abaya 37.6 6.28 RF, wind, RH, sunshine hours, Tmax and Tmin 4.94 

Chencha 37.57 6.25 RF 8.59 

A/minch 37.77 6.05 RF, wind, RH, sunshine hours, Tmax and Tmin 1.36 

 

Climate data 

Daily climate parameters such as precipitation, maximum 

and minimum temperature were collected from regional 

climate datasets with the recently developed scenarios 

collected from the Canadian climate center. The climate data 

used corresponded to the Canadian Earth System Model2 

(CanEM2) climate model which is downscaled outputs by 

CORDEX Africa at a grid resolution of 0.5O by 0.5O. 

2. Methods 

Missing data filling techniques 

Analysis of climate change trends and their impact on crop 

productivity simulation needs long-term time series filling of 

missed data. The missed data of meteorological stations were 

completed by using stations that are located in the nearby 

study area. For this research, the Normal ratio method was 

used to fill the gaps in the missing records of daily rainfall data 

for stations in which the missed data record is more than 10% 

from the total observed period. 

Normal Ratio Method 

This method is used if any surrounding gauges have the 

normal annual precipitation exceeding 10% of the considered 

gauge. This weighs the effect of each surrounding station [43]. 

The missing data are estimated by, 

Px=
��� ����� � ���� � �	�	 � 
 … . � �
�
� 

Px=Estimate for the ungauged station Nx=Normal annual 

precipitation of X station Pi=Rainfall values of rain gauges 

used for estimation, n=No. of surrounding stations Ni=Normal 

annual precipitation of surrounding stations 

Consistency test 

 

Figure 3. Double mass curve meteorological stations. 

To detect possible errors checking the station for data 

quality using the appropriate method is crucial. Therefore, 

checking the consistency of individual stations, the data 

qualities concerning possible temporal variations or errors 

have been investigated by Double Mass Curve. 

Double mass curve technique to ensure that any trends 

detected are due to meteorological cause and not to change in 

gage location, in exposure, or observational methods. If the 

change detected is not due to meteorological causes, a 

precipitation record can usually be adjusted by coefficients 

determined from the double mass curve. 

In this study both Mirab-abaya, Arbaminch, and Chencha 

data are consistent in Figure 1. 

Homogeneity test 

Non-homogeneous data series for climate change impact 

assessment may amplify real climate variations. The collected 

data said to be homogenous if the measurements have been 

consistently done by the same method, with the same 

instrumentation, at the same time and place, and in the same 

environment [37]. Homogeneity of collected datasets was 

tested by RAINBOW software using frequency analysis. The 

methods designed to study the homogeneity of 

hydro-meteorological datasets are given below. Homogeneity 

restricts observations from the same population and bases on 

the cumulative deviations from the mean using the following 

equation. 

SK=∑ ��� � ������� … … … … … … � � 1 … . . � 

Where Xi is time series data and X the mean of data record 

data the initial value of S (k=0) and last value S (k=n) are 

equal to zero. 

 

Figure 4. Homogeneity test plot and statistics of estimated change for 

Mirab-abaya station. 

When plotting the SK’s (sometimes called residual mass 

curves, changes in the mean are easily detected. For a 

time-series data record Xi above normal the SK increases, 

while for a record below normal SK decreases. For a 

homogeneous record, one may expect that the SK's fluctuate 

around zero since there is no systematic pattern in the 



53 Alem Getachew Legesse:  Water Requirement for Maize Crop Under Climate Change in  

Mirab Abaya Woreda, Southern Ethiopia 

deviations of Xi from their mean value. The rejection of 

homogeneity assures that the observations are from the same 

population and the statistical menu assures the probability of 

acceptance and rejection options. Therefore, the figure below 

showed the probability of rejecting the homogeneity test is 

accepted at all significant levels of Mirab-abaya station at (90, 

95, and 99%) for both the ranges of cumulative deviation and 

maximum of cumulative deviation. 

Further homogeneity tests of annual rainfall applied to other 

stations were given in Figure 2. 

Bias correction method 

Bias correction method applied for each daily precipitation 

and temperature dataset derived from Africa CORDEX to 

minimize the systematic statistical deviation of climate output 

data from the observational data before using for any future 

climate change projection. Methods to correct the biases in the 

climate model outputs to improve the realism of Global 

Circulation Model and Regional Climate Model (GCM/RCM) 

precipitation time series, based on statistical properties 

obtained from observed data taken from the same baseline 

period. When correcting for biases in climate model output, it 

is also important that changes in the frequency distribution of 

climatic variables are correctly represented. The bias 

correction made for precipitation and temperature in this study 

is as described below. 

Power transformation 

For this method, correction factors are computed from the 

statistics of the observed and simulated variables. The 

principle of this method shows the mean and standard 

deviation of the daily precipitation data becoming equal to 

those of the observed data [33; 34]. �∗=a ��                     (3) 

Where P is the corrected value of precipitation, b is the 

scaling exponent which is computed until the coefficient of 

variation (CV) of the RCM precipitation data set matches with 

that of the observed data sets. The constant 'a' is calculated 

using the mean of the transformed precipitation value is equal 

to the observed mean (i.e., 'a' and b are the parameters 

obtained from calibration in the baseline period and 

subsequently applied to the projection period). 

The bias correction for temperature differs from that of the 

precipitation because, bias correction method for precipitation 

uses power law while this method is not important for 

temperature as it is approximately a normal distribution [46]. 

Hence, the bias correction for temperature involves only 

shifting and scaling to adjust the mean and variance [46] and 

can be computed by: 

Tcorr=Tobs + 
ᵟ� !�"� 
ᵟ� $"%�(Tr − TRN)         (4) 

Where Tcorr is the corrected daily temperature; Trcm is the 

uncorrected daily temperature from the RCM model; Tobs is 

observed daily temperature; Tobs and Trcm are the mean 

temperature for observed and simulated datasets, respectively. 

Trend analysis 

The WMO recommends the non-parametric Mann- Kendall 

trend test statistics for the assessment of trends in 

meteorological data [52]. This method was also used to detect 

changes in hydro-meteorological variables [22; 47; 54]. 

Because it is less sensitive to outliers and there is no 

assumption of statistical distribution as well as it reduces the 

chance of errors during statistical analysis which makes it 

robust [22; 45]. Based on this trend test, the null hypothesis 

(Ho) assumes that there is no trend in the time series data (i.e., 

the dataset is independent and ordered randomly) and this can 

be tested against the alternative hypothesis (H1), which 

assumes there is a trend in the time series data [40]. The total 

score for the datasets is the Mann- Kendall statistics, which is 

then compared to a critical value to test whether the trend in 

the hydrometeorological datasets is increasing, decreasing, or 

no trend can be evaluated. The first step is to determine the 

sign of the difference between consecutive sample results. 

Sign (Xj-Xi) is a function that implies that results in the value 

- 1, 0, or +1 based on the sign of (Xj-Xi) where j>i. Positive 

and negative values of S present an upward and downward 

trend [11] respectively. The function of S can be computed by: 

S=∑ ∑ &'(���) � ���)��*��+���� ) 

Sign (�) � ���=,�1, '. /�) − ��0 < 00, '. /�) − ��0 = 0+1, '. /�) − ��0 > 04 

Where „S‟ is the rating score (Mann - Kendall sum); „X‟ is 

the observation value; n ‟ is the number of observation values 

in the time series, and are the sequential hydro-meteorological 

values in a month and I (j>i) respectively. The value of S “+, -, 

and 0” implies increasing, decreasing, and no trend, 

respectively. If ties (equal values) in the X values happen, the 

variance of S is computed by: 

Var (S)=
�(�+�)(5�*6)+∑ 7�(�)(�+�)(5�*6)89:��;  

Whereas if ties have not occurred, the variance of Scan 

computes by: 

Var (S)=
< (<–�) (5<*6)�;  

Where m is the number of tied groups in the time series data 

and is the number of data points in the ith tied group. When n 

greater than 10, the standard normal Z test statistics are 

calculated by Mann- 

Kendall statistic: 

Z=

>?@
?A �+BCDE$(F)  '.& < 00 − −, '. & = 0�+BCDE$(F)  '.& > 0G?H

?I
 

The test statistical Z is used to determine the significance 

trend. This test statistic is applied to test the null hypothesis 

(Ho). This means, if |Z| is greater than Za⁄2; where α determines 

the selected significance level (for instance 5% for the present 
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study with Zo. o5 ⁄2=Zo. 025=1.96) then Ho is rejected, 

implying that the trend is significant [39] Kendall’s tau was 

used to measure the correlation between two samples and then 

used to analyze the strength of the relationships between the 

variables. The slope of linear trend is tested with 

non-parametric Sen‟s slope method [22]. The slope of n pairs of 

data points were estimated using the Sen‟s slope estimator as: 

Qi=
�JK–JK� �)+��  for i=1— N 

Where and are data values at times j and i, (j>i) respectively. 

The median of this N value of Qi is Sen”s estimators of the 

slope. If there is only one data in each period, then N=n
�<–��5  

Where n is the number of periods. The median of the N 

estimated slopes are obtained in the usual way, i.e., the N 

values of Qi are ranked by Q1<≤Q2≤…. Qn-1≤Qn and Sen‟s 

Estimator=
L �<–��,5  if N is odd or=

M
� *�N �O–��,�5  If N is even. 

The positive value of Qi suggests an upward or increasing 

trend while a negative value of Qi shows a downward or 

decreasing trend in the time series. Overall the two-tailed 

probability (P- values) was calculated using XLSTAT 

statistical software and then compared at a 5% significance 

level to observe the trend of variables for this study 

Crop Water Use Estimation 

Estimating evapotranspiration (ETO) is one of the first 

important steps for calculating crop water requirements in the 

given location. The rationalization of water consumption in 

the agricultural fields under current and future climate 

conditions has economic importance. Quantification of 

reference evapotranspiration for short grass is necessary in the 

context of many issues, for example, crop production, 

management of water resources, scheduling of irrigation for 

Rainfall shortage area. Since, direct measurement of referable 

(ETO) for short grass is difficult, time- consuming, costly, the 

most important practical approach would be to estimate from 

ETo, involving equations ranging from the most complex 

energy balance method requiring detailed climatological data 

[1] Among them, FAO-56 based on the pen-man Monteith 

(PM) method is currently used and considered to be the 

standard method. However, the major drawbacks of the 

FAO-56 PM method, method require the availability of air 

temperature, relative humidity, wind speed, and solar radiation 

which could not be easily available in a given location 

including the study area. Where the quality of data and 

difficulty in gathering all of the necessary weather parameters 

can present. Therefore, above mentioned limitation and it's 

quite simplest including only two input parameters, this 

particular study conducted the Hargreaves method to estimate 

evapotranspiration. The equation for computation of 

Evapotranspiration by [24]. 

ETo=0.0023 (T mean + 17.8) (T max – T min) 
0.5

 Ra 

P%QE� � P%ER � P%��2  

Ra=
5T �UV�� W&XYZ[�\F&'�]&'�^� � X_&]X_&^&'�\F`  

YZ � 0.033cos ( 5efU6∗))  

\F = [−gh�]gh�^`  

^ = 0.409 sin m 5efU6∗)+�.fno  

](ZhY'h�&) = ep�;V (YqX'rhs Yq(Zq&&)  

Where, Ra=Extraterrestrial radiation in the hour or shorter 

period {MJ m-2 hour-1}, J=Number of Julian day in the year 

between 1 January and 365 or 366,=Latitude of the stations, 

Gsc is solar constant=0.0820 MJ m-2min-1 and dr=Inverse 

relative distance Earth-Sun International Commission on 

irrigation and drainage (ICID) (2000) defined the crop water 

requirement (ETc) as the total water needed for 

evapotranspiration from planting to harvest for a given crop in 

a specific climate regime. FAO (2002) and [1] calculated ETc 

from ETo and KC (Crop coefficient) under standard 

conditions that represent the water loss from a disease-free, 

well-fertilized crop, grown in a large field; under optimum soil 

water conditions achieves full production potential under 

given climatic conditions. Considering this definition and 

FAO approach, the crop water requirement for the study area 

was determined using the following formula and Average 

monthly ETO was calculated using daily weather data of 

FAO-56 using the Hargreaves method to assess the future 

water availability and shortage for a crop at critical stages to 

schedule the deficit irrigation 

ETc=
tuvw"  

Kc=
tuvx " 

In the formula, ETc is the daily actual crop 

evapotranspiration (mm¨ day´1), ETo is the daily reference 

evapotranspiration (mm/ day-1) and Kc is the crop coefficient. 

3. Results and Discussions 

Trends of Observed Meteorological Data 

Precipitation 

The MK test statistic was applied to the annual rainfall 

pattern of three stations (Table 2 and Figure 5). The result of 

the MK test showed that decreasing trends in annual 

precipitation at the two representative meteorological rainfall 

stations and an increasing trend for Arbaminch meteorological 

rainfall stations, but, insignificant trends were observed in 

annual precipitation, and the change magnitude was found 

generally higher in Arbaminch station than the two stations 

(Mirab-abaya and Chencha). The P-values of all the three 

stations were greater than the significant level (5%) and it 

changed by the magnitude of (1.042, 0.294, 

and-7.551mm/year) in Arbaminch, Mirab-abaya, and 

Chencha rainfall stations, respectively. This implies there was 

a downward negative and positive trend in annual rainfall for 
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Mirab-abaya and Chencha but, there was an upward positive 

trend in annual rainfall for Arbaminch station, which 

insignificantly decline at a 5% confidence level in two stations 

and insignificantly upward at 5% confidence level. The 

rainfall distribution over Mirab-abaya woreda has been found 

in non-stationary time series with a trend in the past 28 years 

in all rainfall stations. The results of trend analysis in 

precipitation are in agreement with earlier studies It is good 

agreement with [2], increasing in temperature along with 

reduced precipitation likely to result in the loss of agricultural 

land in the region due to decreased soil moisture, increased 

aridity, increased salinity, and groundwater depletion. 

Table 2. Mann- Kendal trend test and statistical summary of annual rainfall at 

three stations. 

Rainfall (mm) 

Station Kendall’s tau S Sen.’s slope p-value 

M/abaya 0.005 2.000 0.294 0.984 ns 

A/minch 0.037 14.000 1.042 0.799 ns 

Chencha -0.111 -42.000 -7.551 0.422 ns 

 

 

 

Figure 5. Observed long-term annual rainfall trend distribution of stations. 

Temperature 

For the temperature data recorded from the two stations 

(Mirab-abaya and Arbaminch), the average annual value was 

analyzed by using the MK test. The result shows that there has 

been an increasing trend of the average annual temperature at 

both stations as the computed p-value is lower than the 

significance level α=0.05, one should reject the null 

hypothesis H0. It implies that the MK test is statistically 

significant for the average temperature, but, the p-value is 

greater than the significance level α=0.05, one should reject 

the null hypothesis H0. However, the average annual 

temperature increasing trend was found statistically 

non-significant as the computed p-value is greater than the 

significance level α=0.05, one cannot reject the null 

hypothesis (H0) as Summarized in Table 3 for each station 

both maximum and minimum temperature respectively 

indicates a warming trend. Also, the magnitude of average 

maximum temperature has increased to 0.013°C/year, and 

0.026°C/year in Mirab-abaya and Arbaminch station, 

respectively, the minimum temperature increased at a rate of 

0.081, and 0.023°C/year at Mirab- abaya and Arbaminch 

stations respectively. The same trend of maximum and 

minimum temperatures was shown in Figure 15. 

Table 3. Mann- Kendal trend test and statistical summary of annual maximum 

temperature (A) and annual minimum temperature (B). 

station Kendall’s tau S Sen.’s slope P-value 

(A) Maximum Temperature 

M/abaya 0.153 58.000 0.013 0.263 (ns) 

A/minch 0.333 126.000 0.026 0.013* 

(B) Minimum Temperature 

M/abaya 0.593 224.000 0.081 <0.0001* 

A/minch 0.190 72.000 0.023 0.163 (ns) 

Note: S is Mann - Kendall trend, P-value (two-tailed) test statistics, Slope 

(Sen‟s slope) is the change, ns is not significant, and * represents significance 

trend at 0.05 significance Level. 

Potential evapotranspiration 

Potential Evapotranspiration (ETo) essentially comprises 

the simultaneous movement of water from the soil and 

vegetation surfaces into the atmosphere through evaporation 

(E) and transpiration (T) [31]. In this study, using the 

Mann-Kendall test, the trend of ETo for Mirab-abaya and 

Arbaminch stations during the period 1991 to 2018 was 

analyzed. The results of the application of the MK statistic test 

for trend identification of annual ETo were evaluated. The two 

had shown an increasing trend (Table 4) for A/minch Similar 

to average annual temperature and a decreasing trend for 

Mirab-abaya, the trend tests of ETo shows the statistically 

insignificant trend for both Mirab-abaya and Arbaminch 

stations (Figure 6). The magnitude of sens’ slope of ETo 

increases to -0.015mm/year and 0.013mm/year in M/abaya 

and A/minch stations, respectively. The increasing trend of 

ETo is due to the increase in climatic variables and climate 

change. This increase in average ETo harms the present and 

future crop water demand. 
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Figure 6. Observed evapotranspiration of Arbaminch and Mirab-abaya 

stations. 

Table 4 Observed evapotranspiration. 

Station Kendall's tau S p-value Sen.’s slope 

M/abaya -0.238 -90.00 0.079 (ns) -0.015 

A/minch 0.188 71.000 0.167 (ns) 0.013 

Comparison of observed and climate model output 

Before using weather it is dynamically or statically 

downscaled climate datasets, for any hydrological or 

meteorological model, it is important to check its performance 

whether the historical or observed conditions can be replicated or 

not. The mean annual measured rainfall amount and dynamically 

downscaled model simulation output for the (1991- 2005) period 

were compared for this study. The fifteen-year observed average 

annual rainfall was about (946.78mm), bias-corrected historical 

(859.07mm), and bias- uncorrected (343.19mm). 

The Comparison before bias correction and after bias 

correction is shown in Figure 7 model simulation shows good 

fitness with observed monthly average data. However, the 

model simulation in uncorrected RCP is slightly 

underestimating. The statistical analysis shows a very high 

degree of rainfall variability presents in observed and 

bias-corrected datasets with the coefficient of variation 

(CV=0.51 for observed, CV=0.68 for bias-corrected RCP. The 

model simulation outputs show under biased -0.093 after 

correction and the model comparison with observed data 

shows good performance (linear relationship) with a 

correlation coefficient of 0.968 for bias-corrected datasets and 

bias correction improves the climate model simulation. The 

average monthly rainfall, maximum and minimum 

temperature graph also depicts a similar pattern with observed 

climate datasets as shown in Figure 7. 

 

 

 

Figure 7. Comparison of average monthly rainfall (A), maximum temperature 

(B), and minimum (C) of observed data with bias uncorrected and 

bias-corrected RCP datasets from (1987-2014). 

However, during July and August, there is a variation of 

rainfall while its performance evaluation shows an acceptable 

range as illustrated in Table 5. This may be because at 

individual point regional scale predictors of rainfall variation 

are poorly resolved compared to temperature [28]. After 

correcting the bias model simulation outputs the pattern of 

rainfall relatively closer to the observed rainfall over the basin; 

this suggests the significance of bias correction 

Table 5. Performance evaluation of observed vs. Historical dataset. 

 Annual RF (mm) CV (%) R2 BIAS Correlation 

Observed 946.78 0.51 - - - 

Corrected 859.07 0.68 0.94 -0.093 0.968 

Uncorrected 343.19 0.89 0.24 -0.638 0.468 
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Trends of Future climate change under RCP scenarios 

The future pattern of temperature, rainfall, and estimated 

evapotranspiration was analyzed under RCP4.5 and RCP8.5 

scenarios for the study area. The evaluation was made in 30 

years of dataset ranges: 2021- 2050 represented for analysis. 

The future change was calculated for each RCP scenario from 

the baseline (1921- 2050) period for both future time frames. 

Further, the annual trend also tested using Mann – Kendall 

trend test for each climate change in this study. Therefore, for 

more understanding rainfall, maximum and minimum 

temperature, and estimated evapotranspiration were done 

individually as illustrated below. 

Annual Rainfall Trend 

The time series of annual rainfall at the study area are 

shown in figure 8, along with the linear trend lines. As 

presented in the figure, Trend analysis for the period of 2021 – 

2050 indicates a decreasing trend for precipitation in both the 

climate change scenarios of RCP 4.5 and RCP 8.5. Figure 8 

shows 12-month precipitation accumulation future data from 

2021 to 2050 were tested for the Mirab-abaya stations. Mann 

Kendall test statistic (S) indicates for the future projected 

precipitation shows a negative and positive trend for both the 

climate change scenarios (RCP8.5 and RCP4.5). The statistic 

RCP 8.5, however, is not very strongly implies that the trend is 

not very strong compared to RCP 4.5. This is due to the seated 

goal of radiative forcing at 2100. Sen.’s slope indicates future 

(2021–2050) projected rainfall decreases by 0.363mm/annum 

and -4.103 mm/annum for RCP 8.5 and RCP 4.5 scenarios, for 

the coming 30 years. As a result, the Mann- Kendall test 

shows there is no more statistically significant trend at 5% 

significance level in Mirab-abaya stations for future projected 

precipitation data, In general, the trend analysis of annual 

precipitation indicate that there is no significant trend almost 

in Mirab-abaya woreda due to large Inter-annual fluctuations. 

For this reason, the trend evaluation indicates that there is an 

unstable trend almost in Mirab-abaya stations. 

Table 6. Mann-Kendall test for annual precipitation data of the Mirab-abaya 

stations for the period of 2021-2050. 

Mirab-abaya 

Station Kendall’s tau S Sen.’s slope p-value 

RCP 4.5 -0.103 -45.00 -4.103 0.436 (ns) 

RCP 8.5 0.051 22.00 0.363 0.707 (ns) 

Note: S is Mann - Kendall trend, P-value (two-tailed) test statistics, Slope 

(Sen‟s slope) is the change, ns is not significant, and * represents significance 

trend at 0.05 significance level. 

  

Figure 8. Projected trend of annual Rainfall for (2021-2050) under RCP4.5 and RCP8.5 Mirab-abaya. 

Seasonal rainfall change 

Seasonal evaluation of rainfall distribution is very 

important for rain-fed agriculture because agricultural activity 

highly depends on rainfall distribution. The analysis of the 

seasonal distribution of rainfall is carried out considering the 

main seasons namely; Kiremt (June, July, August, and 

September); Bega (October, November, December, and 

January), and Belg (February, March, April, and May). The 

characteristics of the seasonal rainfall pattern for both RCP 4.5 

and RCP 8.5 scenario in the three seasons for both 2021-2050 

time term are presented in Figure below. 

 

Figure 9. Projected changes of seasonal Rainfall for (2021-2050) under 

RCP4.5 and RCP8.5 Mirab-abaya. 

The projected evaluation of future rainfall distribution over 

the study area decreases for Bega (ONDJ) and Belg (FMAM) 

under RCP 8.5 scenarios and decreases for Bega (ONDJ) 

under RCP 4.5, and it is expected to increase Kiremt (JJAS) 

under both RCP scenarios. The magnitude of positive change 

is better projected for Kiremt (JJAS) under both scenarios 

compared with the other two seasons and negative change is 

projected for Bega (ONDJ) under both scenarios, but also 

negative change is projected for Belg (FMAM) under RCP 8.5 

from the baseline period. This is due to the better rainfall 

distribution expected in Kiremt. 

Maximum temperature 

The projected maximum temperature shows a distinct 

increase for both RCP 4.5 and RCP 8.5 scenarios. The relative 

change of maximum temperature from the baseline period for 

both scenarios in the future time horizon is shown in Figure 10. 

The average annual maximum temperature in (2021-2050) 

will be shown an increase by 0.031°C and 0.03°C°/annum for 

RCP 4.5 and RCP 8.5 scenarios respectively. An increase for 

the RCP 8.5 scenario is greater than the RCP 4.5 scenario 

because RCP 8.5 scenario represents a high emission scenario 

that produces more CO2 concentration than the RCP 4.5 

scenario which represents a low emission scenario. 
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Figure 10. Annual average maximum temperature trends of both the RCP 4.5 and RCP 8.5scenarios. 

The summary of Mann - Kendall test result for maximum 

temperature shows an increasing trend and statistically 

significant under both scenarios. The upward maximum 

temperature trends are presented in both periods under both 

RCP scenarios. 

Table 7. MK test for average annual maximum temperature in future. 

 Scenarios 
Kendall’s 

tau 
S 

Sen.’s 

slope 
P-value 

M/abaya 
RCP 4.5 0.44 193.00 0.031 0.0004* 

RCP 8.5 0.389 169.00 0.03 0.002* 

Note: S is Mann - Kendall trend, P-value test statistics, Slope (Sen‟s slope) is 

the change, ns is not significant, and * represents significance trend at 0.05 

significance level. 

The evaluation of seasonal temperature is very important 

for crop production because higher values above the normal 

temperature during cropping season harm crop production [3]. 

Changes in the mean climate away from current states may 

require adjustments to current practices to maintain 

productivity. In the places where the water availability is low 

would generally be at risk of decreasing crop yield at even 1 to 

2oc of warming [25]. This is a result of increased 

evapotranspiration and lower soil moisture level [2]. Hence, 

higher temperatures may be more immediately detrimental, 

increasing the heat stress on crops and water loss by 

evaporation and the current finding also confirms higher 

temperature during the growing season which can 

significantly impact agricultural productivity. 

Table 8 shows an average seasonal change in maximum 

temperature in the future. Temperature is projected from high 

to low during Belg (FMAM), Kiremt (JJAS), and Bega 

(ONDJ) under both scenarios. The change from the period of 

(2021-2050) is concerned, it positively increases more under 

both scenarios for the scenarios and, but projected to decrease 

in Kiremt (JJAS) under both scenarios at a rate of -0.024°C. 

Table 8. Average seasonal change in maximum temperature in the future (°c). 

RCP scenario Belg Kiremt Bega 

RCP 8.5 0.019 -0.023 0.001 

RCP 4.5 0.018 -0.026 0.005 

Note: - (ONDJ) October, November, December, and January, (Bega) and 

(FMAM) February March, April and May Belg, and (JJAS) June, July, August, 

and September (Kiremt). 

Minimum temperature 

  

Figure 11. Annual average minimum temperature trends concerning both scenarios. 

The projected minimum temperature also shows a distinct 

increase for both RCP 4.5 and RCP 8.5 scenarios. The average 

annual minimum temperature in (2021-2050) will be 

increased by 1.5°C and 3.7°C for RCP 4.5 and RCP 8.5 

emission scenarios respectively. 

Mann- Kendall's trend and sen’s slope estimates suggest 

that the rise of minimum temperature for both future periods 

and under both scenarios. Statistically significantly. 

The increasing minimum temperature will be expected for 

both periods of scenario projections at 5% significance as 
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shown in Table 9. 

Table 9. MK trend test and statistical summary of annual minimum 

temperature (°C) per annual for 2021-2050 term projection under RCP 

scenario in Mirab-abaya. 

 Scenarios 
Kendall’s 

tau 
S Sen.’s P-value 

M/abaya 
RCP 4.5 0.444 193.00 0.031 0.03 * 

RCP 8.5 0.338 147.00 0.04 0.04 * 

Note: S is Mann - Kendall trend, P-value (two-tailed) test statistics, Slope 

(Sen‟s slope) is the change, ns is not significant, and * represents significance 

trend at 0.05 significance level The result shows the warming trend in two 

seasons with higher magnitude in Belg season while less in Kiremt 

comparatively. 

Table 10. Projected minimum temperature in terms of seasonal. 

RCP scenario Belg Kiremt Bega 

RCP 8.5 0.03 -0.04 0.01 

RCP 4.5 0.04 -0.05 0.005 

Note: - (ONDJ) October, November, December, and January, (Bega) and 

(FMAM) February March, April and May Belg, and (JJAS) June, July, August, 

and September (Kiremt). 

Potential Evapotranspiration 

In this study, the future potential evapotranspiration was 

calculated by using the Mirab-abaya station and future 

projected climate scenarios of (RCP 2.6 and RCP4.5). The 

estimated evapotranspiration for both scenarios was analyzed 

in terms of seasonal and annual average evapotranspiration for 

this study. Similar to the projected change of air temperature, 

increasing evapotranspiration in all months except September 

from the baseline period under both scenarios as shown in 

Figure 11 will be expected. The Mann-Kendall test shows that 

there is an increasing trend for the period of 2021-2050. 

Figure 12 shows the trend of 12-month evapotranspiration 

accumulation for the period of 2021-2050. The percentage 

change of evapotranspiration shows a higher amount under 

RCP 8.5 compared to RCP 4.5 for all months. In general, the 

climatological average of projected evapotranspiration 

variation shows a bimodal pattern with peaks in May and June 

in projection. This shows a slight shifting of the growing 

season with one month. It rises from March to April and rises 

to increase more from April to August then starts to decline in 

September under both scenarios. 

 

Figure 12. Projected percentage of evapotranspiration. 

The seasonal projected change in evapotranspiration (ETo) 

for both scenarios and future time frames was presented in 

figure 12. The result indicates the increasing pattern of ETo 

for each season during both future time frames under both 

scenarios as shown in figure 13. 

 

Figure 13. The seasonal projected change in evapotranspiration (ETo) for 

both scenarios. 

Note - Bega (ONDJ) October, November, December, and 

January, and Belg (FMAM) February March, April, and May, 

and Kiremt (JJAS) June, July, August, and September. 

Annual Mann- Kendall trend and sen‟s slope estimates 

present an increasing pattern of evapotranspiration for RCP 

4.5 scenario with significant change at 5% significance level, 

but insignificant level for RCP 8.5 over Mirab-abaya. For both 

futures periods under both RCP scenarios, the trend of ETo 

will be suggested an upward trend in general like air 

temperature in Mirab-abaya. The sen‟s slope estimates of the 

projected evapotranspiration also confirm the increasing 

pattern. Under both scenarios, it will be expected to rise by 

0.005 mm/annual and 0.007mm/annual for 2021-2050 on 

average as presented in Table 11. Which Similar to the 

temperature pattern. 

Table 11. MK trend test and statistical summary of annual evapotranspiration 

(mm/annual). 

M/abaya 

Scenarios Kendall’s tau S Sen.’s P-value 

RCP 4.5 0.356 155.00 0.007 0.005* 

RCP 8.5 0.246 107.00 0.005 0.058 (ns) 

Note: S is Mann - Kendall trend, P-value (two-tailed) test statistics, Slope 

(Sen‟s slope) is the change, ns is not significant, and * represents significance 

trend at 0.05 significance level. 

Crop Water Use 

Potential evapotranspiration 

Crop water requirement 

Results show that for maize, crop evapotranspiration (ETc) 

and crop water requirement varied from 2.35 to 4.64 mm/day 

and 0 to 34 mm/day respectively, and irrigation water 

requirement low at the initial stage because effective rainfall 

can satisfy water requirement and high at mid-stage due to 

minimum fall of effective rainfall (Table 13). The below table 

result shows that the average crop water use and irrigation 

water requirement of maize over Mirab-abaya. To describe the 

crop water use and irrigation water requirement of the study 

area. 

Potential Evapotranspiration (ETo) of the study area was 

calculated by CROPWAT 8.0 software. By utilizing the 

meteorological data of maximum and minimum temperature, 

wind speed at two-meter above the surface, sunshine hour, and 
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relative humidity and rainfall of the study area. The results 

obtained when a 28-year dataset period was used with the 

FAO-Penman Monteith method to determine the reference crop 

evapotranspiration (ETo) for the area under study, The result 

shows that ETo varied from a minimum value of 3.58mm/day 

in July to the highest value of 5.18 mm/day in March (Table 12). 

The results show that ETo was lowest during the peak of the 

rainy season to highest during the peak of the dry season. The 

Current and future reference evapotranspiration over the study 

area is shown in Table 15. 

Table 12. Reference Crop Evapotranspiration 

Obs ETo Months Obs ETo Months 

4.35 January 3.58 July 

4.77 February 4 August 

5.18 March 4.16 September 

4.54 April 4.1 October 

4.32 May 3.82 November 

3.97 June 4.11 December 

Where ETo is Reference Crop Evapotranspiration computed using the FAO 

Penman-Monteith Method 

Table 13. Average crop water use and irrigation water requirement of maize. 

 Stages 
ET 

mm/day 

Eff rain 

mm/dec 

Irr. Req. 

mm/dec 

observed 

initial 9.39 81.7 0 

development 17.92 130.5 57.1 

Mid 26.22 100.2 170.8 

Late 17.02 84 69.9 

Water requirement for maize crop under climate change 

With evapotranspiration multiplied by the time-varying 

crop coefficient (Kc), the crop water requirement for maize 

could be obtained. However rising evapotranspiration in the 

future, will increase the crop water requirement during the 

initial and Development cropping stage in the future. Future 

also requests more water 34.5 mm/Dec at initial stage more 

water would be needed in the future during the first stage of 

RCP 8.5 due to the Increase in temperature in the future and 

high emission of CO2. 

Concentration, and would increase the possibility of water 

deficit compere with RCP4.5. If rainfall could not supply 

essential crop water requirements in the future the irrigation is 

needed. Current and future crop water use and irrigation water 

requirement under study area shown in Table 16. 

 

Figure 14. Projected Water and Irrigation Requirement of Maize crop. 

Table 14. Result shows that the average crop water use and irrigation water requirement. 

Scenarios Stages ETc mm/day Eff rain mm/dec Irr. Req. mm/dec 

RCP 4.5 

Initial 9.61 98.7 0 

Development 18.15 137.1 47.9 

Mid 26.02 119.1 149.9 

Late 16.67 96.1 55.2 

RCP 8.5 

Initial 9.64 41.1 34.5 

Development 18.14 130.9 54.1 

Mid 26.03 122.6 146.5 

Late 16.69 82 67.5 

 

Also, as illustrated that in table 14 and figure 14 the 

probability distribution of crop water requirement seems to be 

a difference between the present and the future in the cropping 

season. In general, the results show that in future years the 
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crop water use of maize crops will increase in the study area. 

The reason for this may be due to an increase in air 

temperature and a decrease in relative humidity in future years. 

Also, the average rainfall of the study area is showing a 

decreasing trend. Crop productivity highly depends on the 

surrounding climate variables like precipitation, Air 

temperature, and others. The result of this thesis indicates 

mitigation and adaptation strategy and water Harvesting are 

needed and recommended for cropping season to have 

effective production. 

4. Conclusions 

1. This study has presented analyses of recent and future 

rainfall and temperature trends and relationships 

between the change of crop water use of Maize crop 

under climate change using historical data obtained from 

meteorological stations and future climate data 

downscaled for the study area. The main findings of the 

study are summarized below 

2. The annual rainfall pattern is projected to decrease in the 

future for RCP 4.5 and RCP 8.5 scenarios in (2021-2050). 

Seasonal evaluation of projected rainfall distribution in 

the study area shows a decreasing pattern in the Bega 

(ONDJ) under both RCP scenarios also decreasing trend 

for Belg (FMAM) RCP8.5 but increasing for Kiremt 

(JJAS) under both RCP scenarios and also increasing for 

Belg (FMAM) for the RCP4.5 scenario. Air temperature 

is projected to increase under both future scenarios 

projected from CORDEX climate projection data with a 

statistically significant increasing trend. The projected 

maximum and minimum temperature show a distinct 

increase for both RCP 4.5 and RCP 8.5 scenarios. The 

relative change of maximum and minimum temperature 

from the baseline period for both scenarios in future time 

horizon and Magnitude of temperature change projected 

is high under the RCP 8.5 scenario compared with 4.5 in 

both terms as expected. This is because, more rapid 

socioeconomic and population growth, with limited 

climate change mitigation and adaptation under the 

RCP8.5 climate change scenarios with high emission of 

CO2 resulting more. 

3. Atmospheric forcing. Therefore, evapotranspiration 

calculated from minimum and maximum temperature is 

also projected to increase under both scenarios. A higher 

magnitude of evapotranspiration change is projected 

under RCP 8.5 with more warming trend of temperature 

compared to RCP 4.5. This initiates more amount of 

water to be evaporated from soil and plant canopy and 

affects plant growth and yield. The more evaporative 

effect causes lack of moisture in soil layers and affects 

plant growth, development, and yield. 

4. The simulated climatic variables were used as inputs to 

CROPWAT to predict CWR and irrigation amounts, as 

the result shows irrigation water requirement is projected 

to increase more for mid-stage under both scenarios. The 

crop needs sufficient water particularly during the initial 

and developmental stages to obtain the maximum yield. 

Particularly, maize requires more water in the mid-stage. 

Therefore, need more irrigation during the midstage of 

maize development. Therefore, current and future crop 

water requirements with climate change and the dynamic 

nature of weather variables might alter the future crop 

water requirement study area. 

5. Generally, the future Crop Water use and Irrigation water 

Requirement of Maize will increase in the study area. 

The reason for this is due to an increase in air 

temperature and a decrease in average rainfall in future 

years. 

5. Recommendation 

1. Temperature change is also increasing projection in both 

maximum and minimum temperature. Therefore, some 

climate change mitigation and adaptation strategies like 

planting trees, soil conservation methods are 

recommended for future climate change 

2. Increasing in temperature and decreasing of rainfall in 

mirab abaya woreda lead to an increase in the rate of crop 

water use adding to the currently frequent water stress of 

crops. In response to this situation, Use supplementary 

irrigation (small-scale irrigation, water harvesting), and 

the application of soil water conservation techniques, 

should be applied in a study area. 

3. Future Crop Water use and Irrigation water Requirement 

of Maize expected to increase in the study area. 

Therefore the need for adequate provision of irrigation, 

water harvesting Techniques and drainage infrastructures 

could be regarded as critical for climate change 

adaptation. 

4. The output of this study is based on only a single 

Regional climate model (CanESM2) and Cropwat model 

under RCP 4.5 and RCP8.5 emission scenarios. 

Therefore, further study should consider the wide range 

of uncertainties associated with models and try to reduce 

these uncertainties by using different Cropwat models 

and multi-Regional Climate Model outputs, and 

emission scenarios. 

5. Some parameters such as relative humidity and sunshine 

hours were considered to be constant throughout the 

simulation period; such assumption may influence maize 

crop water requirements projection in the Mirab Abaya 

woreda. In addition to this, the uncertainty of climate 

change was not investigated in this study. Therefore, 

further studies have been recommended taking into 

account the uncertainty of climate change and adaptation 

and mitigation strategies of climate in the study area. 
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Appendix 

  

  

Figure 15. Observed long-term average annual Tmax and Tmin trend distribution of mirab-abaya and Arbaminch. 

 

 

Figure 16. Consistency results of for individual meteorological stations. 
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Figure 17. Homogeneity test for Chencha and Arbaminch respectively. 

Table 15. Current and future reference evapotranspiration over the study area. 

ETo mm/day 

Month Obs RCP 4.5 RCP 8.5 

Jan 4.35 4.37 4.36 

Feb 4.77 4.74 4.73 

Mar 5.18 5.22 5.21 

Apr 4.54 4.65 4.67 

May 4.32 4.43 4.43 

Jun 3.97 3.97 3.98 

Jul 3.58 3.54 3.54 

Aug 4 3.93 3.94 

Sep 4.16 4.04 4.07 

Oct 4.1 4.06 4.04 

Nov 3.82 3.85 3.84 

Dec 4.11 4.14 4.13 

Table 16. Current and future crop water use and irrigation water requirement under study area. 

Month 
RCP 4.5 

Decade Stage Kc coeff ETc mm/day ETc mm/dc Eff rain mm/dc Irr. Req. mm/dc 

Apr 2 Init 0.7 3.26 13 20.8 0 

Apr 3 Init 0.7 3.2 32 44.4 0 

May 1 Init 0.7 3.15 31.5 33.5 0 

May 2 Deve 0.71 3.14 31.4 27.3 4.1 

May 3 Deve 0.79 3.38 37.2 27.4 9.9 

Jun 1 Deve 0.89 3.66 36.6 28.4 8.2 

Jun 2 Deve 0.98 3.88 38.8 27.9 10.9 

Jun 3 Deve 1.07 4.09 40.9 26.1 14.8 
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Month 
RCP 4.5 

Decade Stage Kc coeff ETc mm/day ETc mm/dc Eff rain mm/dc Irr. Req. mm/dc 

Jul 1 Mid 1.14 4.22 42.2 24.2 18 

Jul 2 Mid 1.15 4.08 40.8 22.5 18.3 

Jul 3 Mid 1.15 4.23 46.5 20.7 25.8 

Aug 1 Mid 1.15 4.38 43.8 18.1 25.7 

Aug 2 Mid 1.15 4.53 45.3 15.9 29.5 

Aug 3 Mid 1.15 4.58 50.3 17.7 32.6 

Sep 1 Late 1.11 4.45 44.5 20.1 24.4 

Sep 2 Late 0.97 3.91 39.1 21.6 17.5 

Sep 3 Late 0.82 3.3 33 22.7 10.4 

Oct 1 Late 0.67 2.7 27 24.1 2.9 

Oct 2 Late 0.57 2.31 6.9 7.6 0 

 

Month Decade 
Observed 

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

Apr 2 Init 0.7 3.18 12.7 13.5 0 

Apr 3 Init 0.7 3.13 31.3 33.8 0 

May 1 Init 0.7 3.08 30.8 34.4 0 

May 2 Deve 0.71 3.06 30.6 35.7 0 

May 3 Deve 0.79 3.32 36.5 30.9 5.6 

Jun 1 Deve 0.88 3.61 36.1 24.7 11.4 

Jun 2 Deve 0.97 3.86 38.6 20.2 18.4 

Jun 3 Deve 1.06 4.07 40.7 19 21.7 

Jul 1 Mid 1.14 4.22 42.2 17.8 24.4 

Jul 2 Mid 1.15 4.1 41 16.1 24.9 

Jul 3 Mid 1.15 4.26 46.9 16.3 30.6 

Aug 1 Mid 1.15 4.42 44.2 16.5 27.6 

Aug 2 Mid 1.15 4.58 45.8 16.5 29.3 

Aug 3 Mid 1.15 4.64 51 17 34 

Sep 1 Late 1.1 4.53 45.3 17.3 28 

Sep 2 Late 0.96 4 40 17.6 22.4 

Sep 3 Late 0.82 3.38 33.8 19.5 14.3 

Oct 1 Late 0.67 2.76 27.6 22.3 5.2 

Oct 2 Late 0.57 2.35 7.1 7.3 0 

 

Month 
RCP 8.5 

Decade Stage Kc coeff Etc mm/day Etc mm/dec Eff rain mm/dec Irr. Req. mm/dec 

Apr 2 Init 0.7 3.27 13.1 4.3 7.7 

Apr 3 Init 0.7 3.21 32.1 15.4 16.7 

May 1 Init 0.7 3.16 31.6 21.4 10.1 

May 2 Deve 0.71 3.14 31.4 26.4 5 

May 3 Deve 0.79 3.38 37.2 26.3 10.9 

Jun 1 Deve 0.89 3.66 36.6 26.1 10.5 

Jun 2 Deve 0.98 3.88 38.8 26.8 12.1 

Jun 3 Deve 1.07 4.08 40.8 25.3 15.6 

Jul 1 Mid 1.14 4.21 42.1 23.5 18.6 

Jul 2 Mid 1.15 4.08 40.8 22.3 18.5 

Jul 3 Mid 1.15 4.23 46.5 21 25.5 

Aug 1 Mid 1.15 4.38 43.8 19.4 24.4 

Aug 2 Mid 1.15 4.54 45.4 18 27.4 

Aug 3 Mid 1.15 4.59 50.5 18.4 32.1 

Sep 1 Late 1.11 4.47 44.7 19.2 25.4 

Sep 2 Late 0.97 3.93 39.3 19.6 19.7 

Sep 3 Late 0.81 3.31 33.1 18.8 14.3 

Oct 1 Late 0.66 2.69 26.9 18.8 8.1 

Oct 2 Late 0.57 2.29 6.9 5.6 0 
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