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Abstract The objective of this chapter was to calculate potential evapotranspira-
tion (PET) values for five governorates in Egypt (North Sinai, Marsa Matrouh,
El-Gharbia, El-Sharkia and Sohag) using Penman-Monteith equation with climate
normals values (1985–2014). These calculated values of PET was used in next
chapters to calculate water requirements for the prevailing and suggested crops
structures. Furthermore, the effect of climate change on PET was assessed using
comparison between RCPs scenarios developed from four global models and the
boundary of the more close scenario to the measured data was input into a regional
climate model (WRF-RCM) to develop more accurate weather data to be used in
PET calculation under climate change. The methodology described in this chapter
resulted in achieving higher level of certainty in the prediction of weather elements
with 92 % degree of accuracy. Thus, we used these data to calculate PET values
under climate change in 2030. The results indicated that the values of weather
elements and PET were slightly higher in North Sinai and Marsa Matrouh. The
difference in PET was increase in El-Gharbia and El-Sharkia governorates and in
2030 it was be noticeably high in Sohag governorate. These increases will have its
negative implication on water consumption by the cultivated crops in these gov-
ernorates. Therefore, it is important for policy makers in Egypt to be alert on these
anticipated risks associated with climate change in 2030.
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Introduction

Water is important for all forms of life and will become a scarce natural resource in
the future owing to climate variability and change. The relationships between cli-
mate, crop, water and soil are complex with many biological processes involved
(Rao et al. 2011). The Efficient water management of crops requires accurate irri-
gation scheduling which, in turn, requires accurate measurement of crop water
requirement. Potential evapotranspiration (PET) plays an important role for the
determination of water requirements for crops and irrigation scheduling (Kumar
et al. 2012). Various equations varying in the degree of complexity are available for
estimating PET (Penman-Monteith; Allen et al. 1989; Blaney-Criddle 1950;
Hargreaves and Samani 1982, 1985). The Penman-Monteith equation is widely
recommended, although it is characterized by its complication because of its
detailed theoretical base and its accommodation of small time periods.

Climate change is expected to increase PET due to higher temperature, solar
radiation and wind speed (Abtew and Melesse 2013), which will affect the
hydrological system and water resources (Shahid 2011). Previous research in Egypt
on the effect of climate change on PET values revealed that temperature rise by
1 °C may increase PET rate by about 4–5 % (Eid 2001). Furthermore, Khalil
(2013) used SERS scenarios to calculate PET values in the future and indicated that
it will increase under climate change compared to current climate. Ouda et al.
(2016) indicated that PET values will increase depending on the location of the
region, where it will be lower in North Egypt, compare to the middle and south of
Egypt. This assessment was done using AR4 scenarios.

The Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate
Change (IPCC 2013) is the recent that contained a large number of comprehensive
climate models and Earth System Models, whose results form the core of the
climate system projections. These models produce new Representative
Concentration Pathways (RCP2.6, RCP4.5, RCP6.0 and RCP8.5), which based on
Coupled Model Inter-comparison Project Phase 5 (CMIP5) to replace the SRES
scenarios in IPCC Fourth Assessment Report (AR4) released in 2007 (Wayne
2013). Even though general circulation models (GCMs) have proven their relative
ability to simulate many aspects (e.g. atmospheric circulation, global surface tem-
perature, monsoon circulation, and climate oscillation) of climate variability at large
or global scale (Solomon et al. 2007), they still cannot reproduce local-scale climate
variability. Furthermore, using global and region models in projection of climate
change effects on PET could achieve higher level of certainty.

The objective of this chapter was to calculate PET values in five governorates in
Egypt using Penman-Monteith equation with climate normals values (1985–2014).
Furthermore, to reduce uncertainty in the projection of the effect of climate change
on PET, a comparison between RCPs scenarios developed from four global models
was done and the boundary of closer scenario to the measured data was input into a
regional model (WRF-RCM) to develop more accurate weather data to be used in
PET projection under climate change.
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Selected Governorates

Five governorates were selected to represent rain fed and irrigated agriculture in Egypt.
Regarding to rain fed areas in North Egypt, North Sinai governorate was selected to
represent North East Egypt and Marsa Matrouh to represent North West Egypt. Two
governorates were selected to represent old clay soil in Nile Delta and Upper Egypt, i.e.
El-Gharbia and Sohag governorates. Furthermore, one governorate was selected in
North Nile Delta to represent salt-affected soil, i.e. El-Sharkia. (Table 2.1).

Figure 2.1 showed a map for the selected governorates in North Egypt, Nile
Delta and in Upper Egypt.

Calculation of PET Values Under Present Climate

The BISm model (Snyder et al. 2004) was used to calculate monthly PET. The
model calculates PET using Penman-Monteith equation (Monteith 1965) as pre-
sented in the United Nations FAO Irrigation and Drainage Paper (FAO 56) by Allen
et al. (1989). Climate normals (1985–2014) were used to calculate ET values for
each governorate. Monthly values of PET in the selected governorates are presented
in Table 2.2.

Assessment of the Effect of Climate Change on PET Values

To lower the uncertainty of climate change projections in the future for PET cal-
culation, Morsy (2015) developed a methodology to determine the most suitable
global climate model (GCMs) and scenarios for four governorates (Kafr El-Sheik,
El-Gharbia, El-Minia and Sohag). Two of these governorates, i.e. El-Gharbia, and
Sohag are included in our analysis. In his methodology, he compared measured
meteorological data with the projected data from four global climate models

Table 2.1 Latitude, longitude and elevation above sea level for the selected Governorates

Governorate Latitude (º) Longitude (º) Elevation above sea level (m)

North Egypt

North Sinai 32.07 33.45 17.10

Marsa Matrouh 31.30 27.20 7.00

Nile Delta

El-Gharbia 30.36 31.01 17.90

El-Sharkia 30.35 31.30 13.00

Upper Egypt

Sohag 26.36 31.38 68.70
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Fig. 2.1 Map of the selected governorates in Egypt

Table 2.2 Monthly PET values (mm/day) for the selected governorates

Marsa Matrouh North Sinai El-Gharbia El-Sharkia Sohag

January 2.5 2.4 2.7 2.8 3.0

February 3.0 2.9 3.4 3.8 4.0

March 3.7 3.6 4.4 4.5 5.1

April 4.7 4.6 5.4 5.9 6.5

May 5.6 5.4 6.5 6.6 7.5

June 6.5 6.2 7.2 7.3 8.5

July 6.9 6.4 7.5 7.6 8.2

August 6.5 6.1 6.9 7.3 7.8

September 5.4 5.2 6.2 6.3 7.4

October 3.9 3.9 4.5 4.9 5.5

November 2.9 2.9 3.2 3.2 4.0

December 2.5 2.4 2.8 2.8 3.0

Average 4.5 4.3 5.1 5.3 5.9
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represented by its four RCPs scenarios during the period from 2006 to 2012. His
results indicated that RCP6.0 scenario from CCSM4 model was more accurate to
project the meteorological and climate variables because it achieved the closest
values of goodness of fit test. Thus, we will use his results for El-Gharbia, and
Sohag and we followed his procedure for the rest of the five studied governorates.
His procedure is explained in details in the following section.

CMIP5 Global Climate Models

The selected four models have differing levels of sensitivity to Green House Gases
(GHG) forcing, which focused on daily RCPs climate change scenarios. The
selected models are listed in Table 2.3.

Each model produces four RCPs scenarios to represent a larger set of mitigation
scenarios and have different targets in terms of radiative forcing in 2100. Each RCP
defines a specific emissions trajectory. The emission pathway of RCP2.6 is rep-
resentative of scenarios in the literature that lead to very low greenhouse gas
concentration levels. It is a “peak-and-decline” scenario, where its radiative forcing
level first reaches a value of around 3.1 W/m2 by mid-century, and returns to
2.6 W/m2 by 2100. In order to reach such radiative forcing levels, greenhouse gas
emissions and indirectly emissions of air pollutants are reduced substantially over
time (Van Vuuren et al. 2006, 2007). Regarding to RCP4.5, it is a stabilization
scenario, in which total radiative forcing is stabilized shortly after 2100, without
overshooting the long run radiative forcing target level (Smith and Wigley 2006;
Clarke et al. 2007; Wise et al. 2009). Furthermore, RCP6.0 is a stabilization sce-
nario, in which total radiative forcing is stabilized shortly after 2100, without
overshoot, by the application of a range of technologies and strategies for reducing

Table 2.3 List of selected CMIP5 GCM models and their horizontal resolutions

Model Institution Horizontal
resolution

BCC-CSM1-1 Beijing Climate Center, China Meteorological
Administration, China

2.80º × 2.80º

CCSM4 National Centre for Atmospheric Research (NCAR),
Community Climate System Model, USA

1.25º × 0.94º

GFDL-ESM2G National Oceanic and Atmospheric Administration
(NOAA), Geophysical Fluid Dynamics Laboratory
(GFDL), USA

2.02º × 2.00º

MIROC5 Atmosphere and Ocean Research Institute (The University
of Tokyo), National Institute for Environmental Studies,
and Japan Agency for Marine-Earth Science and
Technology, Japan

1.40º × 1.40º
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greenhouse gas emissions (Fujino et al. 2006; Hijioka et al. 2008). With respect to
RCP8.5, it is characterized by increasing greenhouse gas emissions over time,
where it is representative of scenarios in the literature that lead to high greenhouse
gas concentration levels (Riahi et al. 2007).

Statistical Analysis

Goodness of fit test between the measured and projected meteorological data (solar
radiation, maximum, minimum temperatures and wind speed) by the RCPs for
selected governorates was done using the following tests.

Willmott Index of Agreement (d-stat)

It is the standardized measure of the degree of model prediction error which varies
between 0 and 1. A value of 1 indicates a perfect match, and value of 0 indicates no
agreement at all (Willmott 1981).

d� stat ¼ 1�
Pn

i¼1 Oi � Sið Þ2Pn
i¼1 Si � �Oð Þj j þ Oi � �Oð Þj jð Þ2
h i ð2:1Þ

where Oi, �O and Si represent the observed, observed average and simulated values.

Coefficient of Determination (R2)

R2 tells us how much better we can do in predicting observation by using the model
and computing the simulation by just using the mean observation as a predictor
(Jamieson et al. 1998).

R2 ¼ 1�
Pn

i¼1 Oi � Sið Þ2Pn
i¼1 Oi � �Oð Þ2

ð2:2Þ

R2 ranges from 0 to 1, with higher values indicating less error variance, and
typically values greater than 0.5 are considered acceptable (Santhi et al. 2001; Van
Liew et al. 2003; Moriasi et al. 2007).
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Root Mean Square Error Per Observation (RMSE/Obs)

It gives the general standard deviation of the model prediction error per observation
(Jamieson et al. 1998).

RMSE=obs ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1 Si � Oið Þ2
n

 !vuut ð2:3Þ

where n represents the number of observed and simulated values used in
comparison.

The Averages of the Goodness of Fit Test

Regarding to North Sinai governorate, the averages of goodness of fit test for each
RCP scenario from the selected four GCMs models are shown in Table 2.4. The
results revealed that RCP6.0 scenario from CCSM4 model was suitable and more
accurate to project the meteorological and climate variables because it achieved the
highest d-stat, R2 and the lowest RMSE/obs.

With respect to Marsa Matrouh, the averages of the goodness of fit tests for each
RCP scenario of the four GCMs models are shown in Table 2.5. Similar results
were found, where RCP6.0 scenario from CCSM4 model has the highest d-stat and
R2 values and lowest RMSE/obs value.

Regarding to El-Gharbia governorate (Table 2.6), the goodness of fit test
revealed that RCP6.0 climate change scenario developed by CCSM4 model pro-
duced the highest d-stat and R2 values and the lowest RMSE/obs values.

Table 2.4 Goodness of fit test between measured and projected meteorological data by the four
models in North Sinai governorate

BCC-CSM1-1 model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.897 0.758 0.159 0.918 0.759 0.134

RCP4.5 0.906 0.778 0.150 0.920 0.766 0.133

RCP6.0 0.904 0.777 0.153 0.923 0.779 0.131
RCP8.5 0.909 0.787 0.150 0.922 0.768 0.131

GFDL model MIROC5 model

d-stat R2 RMSE/obs d-stat R2 RMSE obs

RCP2.6 0.867 0.671 0.185 0.905 0.710 0.142

RCP4.5 0.864 0.658 0.187 0.902 0.697 0.144

RCP6.0 0.850 0.633 0.199 0.909 0.720 0.139

RCP8.5 0.865 0.671 0.188 0.897 0.686 0.147

Root Mean Square Error Per Observation (RMSE/Obs) 11



In El-Sharkia governorate, the same trend was obtained for goodness of fit test,
where RCP6.0 developed by CCSM4 model produced the highest d-stat and R2

values and the lowest RMSE/obs values (Table 2.7).
Furthermore, the same trend was found for Sohag governorate, where RCP6.0

developed by CCSM4 model produced the highest d-stat and R2 values and the
lowest RMSE/obs values (Table 2.8).

The results existed in Tables 2.4, 2.5, 2.6, 2.7 and 2.8) clearly showed that the
RCP6.0 scenario from CCSM4 model will be suitable for the studied governorates.
Thus, we use the RCP6.0 from CCSM4 model as initial and lateral boundary
conditions to the regional climate model WRF-RCM for regional climate studies
over Egypt.

Table 2.5 Goodness of fit between measured and projected weather data by the four models in
Marsa Matrouh governorate

BCC-CSM1-1 model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.920 0.757 0.148 0.926 0.770 0.137

RCP4.5 0.922 0.767 0.144 0.922 0.762 0.138

RCP6.0 0.925 0.775 0.141 0.927 0.776 0.136
RCP8.5 0.851 0.770 0.203 0.923 0.764 0.138

GFDL model MIROC5 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.900 0.707 0.166 0.921 0.757 0.145

RCP4.5 0.898 0.699 0.169 0.919 0.751 0.147

RCP6.0 0.899 0.710 0.172 0.922 0.762 0.144

RCP8.5 0.900 0.709 0.169 0.924 0.764 0.143

Table 2.6 Averages goodness of fit test between measured and projected weather data by the four
models in El-Gharbia governorate

BCC-CSM1-1 model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.845 0.667 0.232 0.886 0.700 0.211

RCP4.5 0.845 0.683 0.227 0.882 0.685 0.211

RCP6.0 0.849 0.688 0.227 0.888 0.702 0.206
RCP8.5 0.852 0.692 0.225 0.883 0.691 0.211

GFDL model MIROC5 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.844 0.653 0.238 0.840 0.657 0.227

RCP4.5 0.845 0.657 0.238 0.845 0.668 0.225

RCP6.0 0.846 0.655 0.241 0.845 0.670 0.225

RCP8.5 0.849 0.668 0.236 0.846 0.673 0.223
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WRF-RCM Model

WRF-RCM model is a regional climate model used to study specific areas in more
details. The recent version of WRF (3.7.1) was released in August 14, 2015.
WRF-RCM is a result of a multiagency collaboration, consisting mostly of the
National Center for Atmospheric Research (NCAR), the National Center for
Environmental Prediction (NCEP), the Forecast Systems Laboratory (FSL), the Air
Force Weather Agency (AFWA), the Naval Research Laboratory (NRL), Oklahoma
University, and the Federal Aviation Administration (FAA). The model is updated
each year, sometimes few times a year, and a new version made public (Caldwell
et al. 2009; Qian et al. 2010; Bukovsky and Karoly 2009; Bell et al. 2004).

Table 2.7 Goodness of fit test between measured and projected weather data by the four models
in El-Sharkia governorate

BCC-CSM1-1 model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.881 0.709 0.200 0.915 0.755 0.183

RCP4.5 0.885 0.726 0.193 0.912 0.740 0.182

RCP6.0 0.887 0.729 0.193 0.918 0.757 0.177
RCP8.5 0.891 0.737 0.191 0.913 0.746 0.183

GFDL model MIROC5 model

d-stat R2 RMSE/obs d-stat R2 RMSE obs

RCP2.6 0.876 0.702 0.208 0.893 0.718 0.184

RCP4.5 0.877 0.704 0.209 0.897 0.727 0.181

RCP6.0 0.877 0.705 0.212 0.898 0.729 0.181

RCP8.5 0.880 0.716 0.206 0.899 0.734 0.179

Table 2.8 Goodness of fit test between measured and projected weather data by the four models
in Sohag governorate

BCC-CSM1-1 model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.854 0.594 0.224 0.872 0.645 0.205

RCP4.5 0.857 0.606 0.217 0.869 0.640 0.203

RCP6.0 0.860 0.609 0.216 0.876 0.655 0.198
RCP8.5 0.860 0.610 0.219 0.874 0.654 0.200

GFDL model MIROC5 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

RCP2.6 0.852 0.597 0.220 0.859 0.625 0.222

RCP4.5 0.855 0.610 0.216 0.866 0.639 0.216

RCP6.0 0.857 0.613 0.221 0.860 0.626 0.222

RCP8.5 0.863 0.633 0.211 0.866 0.642 0.217

WRF-RCM Model 13



Weather data for the same period of time, i.e. 2006–2012 was predicted by
WRF-RCM model and compared to the measured metrological data. The same
statistical analysis was also used to test the goodness of fit between the measured
and projected data. The results in Table 2.9 indicated that the predictions of
WRF-RCM model were more close to the measured weather data. The values of
d-stat were between 0.956 and 0.969 for WRF-RCM model, whereas it was
between 0.910 and 0.926 for CCSM4 model. Similarly, R2 values for WRF-RCM
model was higher that its counterpart for CCSM4 (0.866–0.969 vs. 0.727–0.784).
Furthermore, the lowest RMSE/obs was obtained by WRF-RCM model when it
was compared to the measured metrological data.

The above results implied that WRF-RCM model has high potentiality to be
more accurate in projecting climate variables at all studied governorates.
Furthermore, the results also suggested that the model can be used in simulating and
projecting climate variables under varied situations with high accuracy and effi-
ciency. Thus, the above results provide a general evaluation of the WRF-RCM
model for prediction of climate variables over different locations in Egypt with
different latitudes and longitudes. For that reason, the WRF-RCM model was used
to predict weather data in 2030 to assess the effect of climate change on PET values
more accurately with higher certainty.

Projected Weather Data and PET Values in 2030

The weather elements in 2030 were projected for the five studied governorates by
WRF-RCM model. These data were solar radiation (SR, MJ/m2/day), maximum
temperature (T-Max, °C), minimum temperature (T-Min, °C) and wind speed (WS,
m/s). BISm model was used to calculate PET (mm/day) values in the studied
governorates in 2030. The above values are presented in Tables 2.10, 2.11, 2.12,
2.13 and 2.14.

The results in Tables 2.10 and 2.11 illustrated the projected weather element in
North Sinai and Marsa Matrouh in 2030. As a result of being located on the
Mediterranean Sea, weather elements and PET values was the lowest in all Egypt.

Table 2.9 Average of goodness of fit values between measured and projected values for climate
parameters from WRF-RCM and CCSM4-RCP6.0

Locations WRF-RCM model CCSM4 model

d-stat R2 RMSE/obs d-stat R2 RMSE/obs

North Sinai 0.962 0.877 0.090 0.910 0.727 0.138

Marsa Matrouh 0.960 0.905 0.099 0.922 0.784 0.137

El-Gharbia 0.969 0.899 0.104 0.926 0.770 0.165

El-Sharkia 0.969 0.898 0.104 0.924 0.768 0.168

Sohag 0.969 0.898 0.106 0.922 0.744 0.165
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Tables 2.12 and 2.13 showed projected weather elements in 2030, as well as
PET values in two Nile Delta governorates. El-Gharbia located in the middle of the
Nile Delta and El-Sharkia is located in the north east of Nile Delta. Higher values of
weather elements and PET are found in these governorates.

The projected values of weather elements for Sohag governorate, as well as PET
values are presented in Table 2.14. These values are the highest, compared to the
values of the rest of the studied governorate.

Table 2.10 Monthly mean values for climate elements projected by WRF-RCM model and PET
in 2030 in North Sinai governorate

SR (MJ/m2/day) T-Max (°C) T-Min (°C) WS (m/s) PET (mm/day)

January 12.2 18.2 15.4 5.2 2.4

February 17.1 18.2 15.2 4.4 2.9

March 21.9 19.7 15.0 4.5 3.7

April 25.3 22.8 17.4 3.5 4.7

May 28.5 26.0 18.6 3.8 5.5

June 30.2 28.6 22.0 3.0 6.3

July 29.5 31.6 25.0 3.0 6.5

August 27.2 31.8 26.2 3.2 6.2

September 24.0 30.8 25.7 3.6 5.4

October 19.0 26.7 23.0 4.1 4.0

November 14.4 23.4 20.8 3.6 3.0

December 11.9 19.9 17.3 3.9 2.2

Table 2.11 Monthly mean values for climate elements projected by WRF-RCM model and PET
in 2030 in Marsa Matrouh governorate

SR (MJ/m2/day) T-Max (°C) T-Min (°C) WS (m/s) PET (mm/day)

January 12.9 17.4 11.9 4.5 2.7

February 17.4 17.7 12.2 4.5 3.1

March 22.6 17.7 12.4 4.1 3.6

April 26.2 21.0 14.8 3.7 4.6

May 28.8 23.0 16.8 4.0 5.3

June 29.7 27.1 20.4 4.1 6.2

July 29.7 30.5 23.6 4.4 6.9

August 27.2 30.3 23.9 4.2 6.4

September 23.8 27.5 22.3 4.3 5.3

October 19.1 24.8 19.2 3.7 4.1

November 12.8 22.0 16.9 3.9 3.0

December 11.8 18.4 13.4 4.1 2.6

Projected Weather Data and PET Values in 2030 15



Comparison Between Climate Normals and Its Values
in 2030

Regarding to North Sinai, solar radiation (SR), maximum temperature (T-Max) and
minimum temperature (T-Min) in 2030 will be slightly higher than its normal value
in all the months. High variation in wind speed is expected to occur in 2030. It will
be the highest in the winter months and lower than its normal values in June and
July (Fig. 2.2). It is expected that these different trends will have its implication on
PET values in 2030.

Table 2.12 Monthly mean values for climate elements projected by WRF-RCM model and PET
in 2030 in El-Gharbia governorate

SR (MJ/m2/day) T-Max (°C) T-Min (°C) WS (m/s) PET (mm/day)

January 12.7 20.3 8.5 2.5 2.8

February 17.5 21.7 8.8 2.6 3.5

March 22.7 23.8 10.6 2.9 4.6

April 25.9 29.0 13.7 2.8 6.0

May 29.2 33.1 16.2 3.1 6.9

June 29.9 37.0 21.1 3 8.2

July 29.4 39.2 23.4 2.8 8.4

August 26.9 39.6 23.5 2.9 8.2

September 23.7 34.9 21.8 2.8 6.7

October 19.9 30.8 17.8 2.5 4.9

November 15.0 25.2 13.8 2.5 3.5

December 12.5 19.9 9.6 2.4 2.8

Table 2.13 Monthly mean values for climate elements projected by WRF-RCM model and PET
in 2030 in El-Sharkia governorate

SR (MJ/m2/day) T-Max (°C) T-Min (°C) WS (m/s) PET (mm/day)

January 12.7 20.3 8.5 2.5 2.8

February 17.5 21.7 8.8 2.5 3.5

March 22.7 23.8 10.6 2.8 4.6

April 25.9 29.0 13.7 2.7 6.0

May 29.2 33.1 16.2 3.0 6.9

June 29.9 37.0 21.1 2.9 8.2

July 29.4 39.2 23.4 2.6 8.4

August 26.9 39.6 23.5 2.8 8.2

September 23.7 34.9 21.8 2.7 6.7

October 19.9 30.8 17.8 2.5 4.9

November 15.0 25.2 13.8 2.4 3.5

December 12.5 19.9 9.6 2.4 2.8
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Table 2.14 Monthly mean values for climate elements projected by WRF-RCM model and PET
in 2030 in Sohag governorate

SR (MJ/m2/day) T-Max (°C) T-Min (°C) WS (m/s) PET (mm/day)

January 17.0 22.6 8.8 2.9 3.6

February 21.1 24.0 10.6 3.1 4.4

March 25.0 28.2 12.7 3.8 5.6

April 27.3 34.4 18.2 3.5 7.2

May 29.8 37.8 21.8 3.6 7.9

June 30.8 41.3 24.9 4.6 9.1

July 30.0 41.4 25.9 3.5 9.2

August 28.3 41.9 26.4 4.4 9.3

September 26.7 38.9 23.2 4.4 8.3

October 21.7 34.0 20.2 3.1 6.3

November 16.9 28.8 15.5 3.3 4.8

December 15.5 23.3 10.2 3.0 3.6
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Fig. 2.2 Comparison between climate normals and its value in 2030 for a solar radiation,
b maximum temperature, c minimum temperature and d wind speed in North Sinai governorate
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Regarding to solar radiation, maximum temperature and minimum temperature
in Marsa Matrouh in 2030, its trend was similar to the trend found in North Sinai,
i.e. higher than normal values. Lower variation in wind speed will be exist in 2030,
compared to its value in North Sinai, however it was higher than its normal values
(Fig. 2.3).

Figure 2.4 indicated that in 2030, solar radiation will be higher in all months,
whereas maximum temperature in El-Gharbia will be higher only in the summer
months. Minimum temperature will be higher from January to August, and then it
will be similar to normal minimum temperature. Highly variable trend will exist for
wind speed in 2030, compared to its normal values.

Higher increase in the projected weather elements can be observed in 2030 in
El-Sharkia governorate, where solar radiation, maximum temperature and minimum
temperature will increase. Regarding to wind speed, a variable change will occur in
2030, compared to its normal values (Fig. 2.5).
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Fig. 2.3 Comparison between climate normals and its value in 2030 for a solar radiation,
b maximum temperature, c minimum temperature and d wind speed in Marsa Matrouh
governorate
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Figure 2.6a–d showed that solar radiation, maximum temperature, minimum
temperature and wind speed values will be higher in 2030 than its normal values in
Sohag governorate. This could be attributed to its location in south of Egypt, where
it will experience higher changes in weather elements in 2030.

Comparison Between Normal and Future PET Values

Figure 2.7a, b indicated that PET will slightly increase in 2030 in North Sinai and
Marsa Matrouh governorates. This could marginally increase crops evapotranspi-
ration values in these governorates. Because rain fed agriculture is prevailed there,
the main weather element affects crops production is the availability of rain. Thus,
the impact of climate change on rain fall in these two governments will be thor-
oughly analyzed in next chapter.
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Fig. 2.4 Comparison between climate normals and its value in 2030 for a solar radiation,
b maximum temperature, c minimum temperature and d wind speed in El-Gharbia governorate
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Slight increase in PET values in winter months of 2030 can be noticed in
El-Gharbia and El-Sharkia governorates, compared to normal PET values
(Fig. 2.8a, b). Whereas, there will be higher increase in PET values in summer
months of 2030 in both governorates.

Higher noticeable increase in PET values in Sohag governorate in 2030, com-
pared to normal PET values will exist. These increases will occur in both winter and
summer months, where it will be even higher in summer months (Fig. 2.9).

Table 2.15 showed that the percentage of difference between annual PET values
calculated from climate normals and annual PET values in 2030. Our analysis
showed that the annual PET value in Marsa Matrouh will not change in 2030.
Furthermore, the lowest percentage of difference between normal PET and 2030
PET values was found for North Sinai and the highest percentage of difference was
found in Sohag governorate, i.e. 2 and 13 % increase, respectively. Previous
research by Ouda et al. (2016) revealed that percentage of increase in PET values in
2030 calculated by A1B climate change scenario developed by ECHAM5 model
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Fig. 2.5 Comparison between climate normals and its value in 2030 for a solar radiation,
b maximum temperature, c minimum temperature and d wind speed in El-Sharkia governorate
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Fig. 2.6 Comparison between climate normals and its value in 2030 for a solar radiation,
b maximum temperature, c minimum temperature and d wind speed in Sohag governorate
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Fig. 2.7 Comparison between normal and future PET values in 2030 in North Sinai (a) and
Marsa Matrouh (b)
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Fig. 2.8 Comparison between normal and future PET values in 2030 for in El-Gharbia (a) and
El-Sharkia (b)
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Fig. 2.9 Comparison between normal and future PET values in 2030 in Sohag governorate

Table 2.15 Comparison between annual PET value (mm/day) from climate normals, in 2030,
percentage of difference between them (PD %) and percentage of difference using A1B in 2030
(PD1)

Location PET (normals) PET (2030) PD (%) PD1 (%)*

North Sinai 4.3 4.4 +2 –

Marsa Matrouh 4.5 4.5 0 –

El-Gharbia 5.3 5.6 +7 +10

El-Sharkia 5.1 5.5 +10 +10

Sohag 5.9 6.6 +13 +14
*Source Ouda et al. (2016)
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was higher in El-Gharbia and Sohag and similar in El-Sharkia. Hopefully, this
result will be an indication of higher accuracy by our methodology in the projection
of the effect of climate change on PET values.

Conclusion

Accurate calculation for PET values is very important procedure to be done to
improve water management on field level under irrigated agriculture. Due to the
uncertainty associated with climate projection in the future, improvements should
be developed to reduce these uncertainties. The implemented methodology in this
chapter could be a base for projection of climate change effects on different eco-
nomic sectors.

Our results revealed that the projection of PET values in 2030 using our
methodology were lower than the value projected by Ouda et al. (2016) using A1B
climate change scenario of ECHAM5 model for El-Gharbia and Sohag.
Furthermore, the projected value of PET for El-Sharkia using our methodology was
the same as the value projected by ECHAM5 model. Hopefully, this result will be
an indication of higher accuracy by our methodology in projection of the effect of
climate change on PET values.
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