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Climate change (CC) may have negative or positive effects on agriculture production based on the 
spatial location on the earth surface. In Egypt, the CC could have negative impacts on wheat production 
and agriculture, hence its represents a serious threat to the Egyptian food security, either directly or 
indirectly through land degradation. Terraza model was used to assess the wheat yield reduction and 
water deficit under climate change scenario in the Egyptian North-Western Coast. Terraza calculations 
depend mainly on climate and crop response parameters. The current climate of seven climatic stations 
represents a consecutive climatic data of daily temperature and precipitation of 36 years (1979-2015), 
while the hypothetical climate change scenario of the climatic parameters was predicated for three 
periods; (2030, near-future), (2050, mid-future) and (2100, far-future) according to the OECD predictions 
and SWAT weather database.  The results indicate that the future wheat yield is expected to decrease 
by 6, 9, and 14% under 2030, 2050 and 2100, respectively. Consequently, the required amount of water 
irrigation should be increased by 56, 85 and 147 mm for 2030, 2050 and 2100, respectively to 
recompense the forecasted water deficit because of CC, and prevent the predicted yield reduction. 
Modelling yield reduction and water deficit are vitally important issues for sustainable agriculture 
production in Egypt. Hence, the prediction of wheat yield reduction under the projected CC helps the 
decision makers for fruitful land use planning and establishing adaptation strategies to combat the 
reduction of yield due to the negative impacts of climate change. 
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INTRODUCTION 

Egypt locates in the north-east corner of 
Africa continent between latitudes 22° and 32°N 
and longitudes 25° and 36° E. Egypt is facing 
strong challenges of very limited water resources 
and fragile and/or resistance soil for agricultural. 
The effects of climate change (CC) on agricultural 
activities and crop production, positively or 
negatively, are introduced in different regions 
around the world, where the negative impacts are 
tended to be more common than positive ones 

that are evident in high latitude regions (IPCC, 
2014). 

In dry lands, water scarcity is a serious 
constraint for crop production besides the high 
evapotranspiration especially during the dry 
seasons (Bekchanov et al., 2016; Velmurugan et 
al., 2016; Zhang et al., 2016). 

Cereal crops are the most kind of crops that 
have been essentially used worldwide. The main 
cereal crops include; wheat, rice, barely and 
maize. Based on Curtis (2002), wheat (Triticum 
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spp.) is one of the earliest domesticated cereal 
crops that have been essentially used for 8000 
years. Recently, wheat is the most important food 
grain source for human and a major commercial 
crop worldwide. Wheat provides 20% of calories 
and protein for human globally. Nowadays, 
around 80 million farmers in the developing world 
rely on wheat cultivation in their livelihoods. Due 
to the population growth, by 2050 a demand of 
wheat is anticipated to increase by 70% 
(CIMMYT, 2017). The world wheat demand has 
been increased from 273 to 730 million tons 
between 1964/1966 to 2015, respectively, the 
anticipated increase in wheat demand will be 851 
million tons by 2030 (Bruinsma, 2003). There are 
different varieties of wheat. The well-known kinds 
involve; winter and spring wheat that can be soft 
or hard and white or red. There are other local 
varieties that should be reported for each country. 
Generally, based on USDA Crop production report 
for June 2017 (USDA, 2017), the total winter 
wheat production is forecast at 1.25 billion 
bushels. For the Red Winter production; the Hard 
and Soft Red Winter production are at 743 and 
298 million bushels, respectively. Whereas, the 
total White Winter production is at 209 million 
bushels which classified to Hard and Soft White 
production by 17.5 and 191 million bushels, 
respectively. 

Based on FAO (1985), land evaluation is a 
combined effect of different soil factors that help 
decision makers to decide mainly “Which crops to 
grow where”. The final results of almost all land 
evaluation systems are classified maps that 
indicate the suitability of specific land to various 

land uses, crop types or management practices. 
Land evaluation is the determination of land 
potentiality to be used in suitable purposes (FAO, 
2007; Anaya-Romero et al., 2015; Muñoz-Rojas et 
al., 2015; Muñoz-Rojas et al., 2017). The main 
objective of land evaluation is to manage and 
improve land suitability in a sustainable way to 
increase its potential for human uses (Rossiter, 
1996; FAO, 2007). 

Micro Land Evaluation Information System 
(MicroLEIS, De la Rosa, 1974; De la Rosa et al., 
1992; 2004) focuses on an integrated system of 
soil, climate and agriculture management 
databases for land evaluation. Location, soil, 
climate and field observation are considered when 
running the model and the final output can be 
display in GIS packages. 

The main goal of this research is to determine 
the agriculture suitability for wheat in the NWC of 
Egypt considering; soil factors, climate conditions 
and crop requirements. Additionally, the soil 
suitability evaluation will be carried out under 
different scenarios of climate change and water 
management. Moreover, addressing soil limitation 
under current situation to establish an 
improvement scenario of soil factors, which could 
be an adaptation strategy. 
 
MATERIALS AND METHODS 

Study Area 
The study locates between latitudes 30° 40' 

and 31° 5'N and longitudes 28° 1 and 29° 29' E 
(Figure 1).  

 
 

Figure 1. Location of the studied area. 
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The selected area is a part of north-western 
coast of Egypt where most of it belongs to 
Matrouh governorate except small area (the east 
of Burg Al-Arab city) belong to Alexandria 
governorate. The study area involves various 
reclaimed land that irrigated by El-Hammam canal 
(57 km length) which between El-Dabbaa and El-
Alamine area (Elwan et al., 2014).  

The total coverage of the study area is 4760 
km2 with 160 km shore line. The elevation of the 
investigated area is ranged from sea level to 167 
m above sea level. Due to the low precipitation 
(70 mm/y) and high evapotranspiration (1200 
mm/y) the climate of the study area can be 
classified as arid climate and as a semi-arid 
climate when the addition of water irrigation is 
taking into account.  

MicroLEIS DSS 
Micro LEIS contain two sets of models; land 

suitability related and land vulnerability related 
models.  

 

 
 

Figure 2.  Scheme of agriculture suitability 
models (Terrazamodel). 

 
MicroLEIS contain three databases (soil, 

climate and agriculture management) and two 
sets of models; land suitability related and land 
vulnerability related models. 

The climate database CDBm-MicroLEIS is a 
computer-based tool for specific location and to 
storage and manipulate the agro-climatic data. 
Where, the geo-referenced climate observations, 
at a particular meteorological station, correspond 
to the mean values of such records for a 
determinate period. 

Bioclimatic Deficiency Model 
Figure 2 shows a conceptual scheme of 

Terraza models which integrate site, climate and 
crop factors with soil qualities. The calculations of 
Terraza are empirical, formulated and calibrated 
using expert knowledge.  
 
RESULTS AND DISCUSSION 

Elevation and Slope 
Digital Elevation Models (DEM) of the study 

areas have been obtained from the Shuttle Radar 
Topographic Mission (SRTM). The SRTM uses 
precisely positioned radar to map the Earth 
surface at intervals of 1-arc second (~30 meters). 
The DEM extracted from SRTM data can be used 
in conjunction with controlled imagery sources to 
provide better visualization of the terrain. DEMs 
have a key role in improving accuracy in the field 
of soil and agricultural characterizing (Matinfar et 
al., 2011). The SRTM image NWC was processed 
in ENVI 4.7 software to extract the surface 
elevation, slope gradient and slope direction 
(Figure 3 and Figure 4). 

The slope map (Figure 4) shows that the 
dominant slope classes of the study area are the 
nearly flat (0 - 1%) and gently slope (1 - 5 %) that 
represent around 49.2 and 48.9 % of the area 
coverage. Otherwise the strongly sloping 
represents a 1.8% of the study area, and the 
moderately steeping areas represent a 0.02%. 

Soil and Land Capability 
The soils of NWC may be promising for wheat 

production due to less evapotranspiration (about 
0521mm/ year) compared with the other parts of 
Egypt that have 2000 and 3500 mm/ year in Cairo 
and Aswan respectively.  Almost 56% of the study 
area is rock land, besides several soil types are 
exist in the selected area. The principles soil 
orders were Entisols and Aridisols, and the Typic 
Petrogypsids soil type represents about 14.4% of 
the studied area (Figure 5). 

Therefore, this research concern about the 
main soil type in NWC that are more suitable for 
wheat production and studying the impact of 
climate change on both soil and wheat yield.  
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Figure 3. Digital Elevation Model of the studied area 

 
Figure 4.  Slope (%) of the studied area.  

 

 
Figure 5. The dominated soil units (sub-group level) in the studied area. Source: Adapted from 

ASRT, 2009. 



Abd-Elmabod et al.,                                                   Climate change impacts on wheat production in NWC, Egypt 

 

                                                  Bioscience Research, 2019 volume 16(1):262-271                                                     266 

 

Land Capability classes were defined 
according to the rating of soil properties adapted 
from Sideruis (1989). The influence of each land 
quality is determined by a set of interacting single 
or compound land characteristics. Each land 
quality is assessed qualitatively according to its 
capability to the concerned constraint.  

The moderately land capability class 
represents the dominant class in the studied area 
as illustrated in Figure 6 and Table 1. 

Climate data analysis  
One of the promising areas to be reclaimed 

for agricultural extension is the North Western 
Coast (NWC). As a result of rainfall quantity that 
could be reaching to 200 mm/year in the rainy 
seasons, provide insufficient water resources for 
wheat production in NWC, so the water harvesting 

techniques can be used to collect more water for 
complementally irrigation. Figure 7 and Table 2 
illustrate the seven representative climatic stations 
for the studied area.  

 
Table 1. Total area (km2 and %) of land 
capability classes that included in the studied 
area. 

Land Capability Class 
Area 

km2 % 

II (High) 94.39 1.98 

III (Moderate) 1734.20 36.43 

IV (Low) 223.80 4.70 

Rocky land 2708.06 56.89 

Total 4760.45 100.00 

 
 

 
 

Figure 6. General land capability classes for the studied area. 
 

 

 
Figure 7. Representative Climatic stations (I- VII) and their location within studied area.  
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Table 2. The annual values of climatic parameters for the studied stations under current climate 
conditions (1979-2015) and under the different projected climate change periods (2030, 2050 and 
2100). Tm: mean temperature; Tmax: maximum temperature; Tmin: minimum temperature; Im: 
mean irrigation input (converting the input of irrigation water to the equivalent in precipitation); P: 
precipitation in mm. ET0 (T): reference evapotranspiration, as calculated by Thornthwaite method 
(mm). ET0 (H): reference evapotranspiration, as calculated by Hargreaves method (mm). ARi, 
aridity index (De Martonne ,1926). A, considering the precipitation only; B, considering the 
precipitation plus the irrigation water. 

 

Scenario Tm Tmax Tmin P P+ Im ETo(T) ETo(H) 
ARi. Index 

(A) 
ARi. Index 

 (B) 

Station I 

Current 20.9 25.9 15.9 98.1 462.1 1024.8 1116.7 3.2 15.0 

2030 21.9 26.9 16.9 90.7 433.1 1090.9 1144.8 2.8 13.6 

2050 22.3 27.4 17.3 87.6 420.0 1084.1 1157.9 2.7 13.0 

2100 23.4 28.4 18.4 72.8 397.7 1151.8 1187.4 2.2 11.9 

Station II 

Current 20.9 27.5 14.4 70.2 462.0 1040.3 1288.0 2.3 15.0 

2030 21.9 28.4 15.4 64.9 434.0 1070.3 1320.3 2.0 13.6 

2050 22.3 28.9 15.8 62.7 421.3 1095.7 1335.3 1.9 13.0 

2100 23.4 29.9 16.9 52.2 405.6 1180.5 1369.1 1.6 12.1 

Station III 

Current 21.1 27.4 14.9 73.7 462.0 1049.9 1267.3 2.4 14.9 

2030 22.1 28.4 15.8 68.4 433.9 1079.8 1298.9 2.1 13.5 

2050 22.5 28.8 16.3 65.9 421.0 1105.8 1313.6 2.0 13.0 

2100 23.6 29.9 17.3 54.8 404.7 1192.1 1346.7 1.6 12.0 

Station IV 

Current 21.1 25.7 16.4 104.5 462.0 1018.3 1179.3 3.4 14.9 

2030 22.1 26.7 17.4 96.7 432.9 1084.2 1208.9 3.0 13.5 

2050 22.5 27.1 17.9 93.3 419.6 1107.3 1222.5 2.9 12.9 

2100 23.5 28.2 18.9 77.6 396.3 1190.6 1253.5 2.3 11.8 

Station V 

Current 21.2 27.1 15.3 81.9 462.1 1051.1 1223.9 2.6 14.8 

2030 22.2 28.0 16.3 75.8 433.6 1084.1 1254.4 2.4 13.5 

2050 22.6 28.5 16.8 73.2 420.7 1106.5 1268.6 2.2 12.9 

2100 23.6 29.5 17.8 60.8 402.6 1193.0 1300.6 1.8 12.0 

Station VI 

Current 21.2 26.8 15.6 91.7 462.1 1044.1 1191.8 2.9 14.8 

2030 22.2 27.8 16.6 85.0 433.3 1082.4 1221.6 2.6 13.5 

2050 22.6 28.2 17.0 82.0 420.5 1109.3 1235.4 2.5 12.9 

2100 23.6 29.2 18.1 68.1 401.1 1185.8 1266.6 2.0 11.9 

Station VII 

Current 21.2 26.8 15.6 97.0 462.2 1045.2 1192.7 3.1 14.8 

2030 22.2 27.8 16.6 89.9 433.5 1082.3 1222.5 2.8 13.5 

2050 22.6 28.2 17.0 86.6 420.4 1109.2 1236.3 2.7 12.9 

2100 23.6 29.2 18.0 71.7 400.3 1185.7 1267.6 2.1 11.9 
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Impact of Climate Change on Yield Reduction 
and Water Deficit  

As a result of the high revolution in technology 
and sustainable management strategies, there is 
an observing increase in the grain yield spatially 
wheat, but the climate change will have a negative 
impact on crop yield. While, wheat yield model 
simulation, indicates that there is a noted wheat 
yield decline between 1% and 28% across 30 
representative global locations with an increase of 
2oC in temperature and between 6% and 55% 
within those sites with an increase of 4oC between 
1981 and 2010 (Asseng et al., 2015). Crop 
cultivation is a climate-dependent practices and 
greatly sensitive to CC and climate variability.   

Kitchen et al., (2003) demonstrate that 
multiple factors can affect yield and the 
relationship between yields, topography and soil 
properties can be nonlinear in nature and many 
potential interactions between variables exist. 
Robaa (2008) found a strong multivariate 
relationship between the topographic derivatives 
and three years of yield data, using the slope map 
as the partitioning factor for zone management 
(i.e. 2002 wheat yield r2=0.94; 2003 pea yield 
r2=0.79; 2005 wheat yield r2=0.91). The traditional 
soil survey was not as effective for zone 
management (i.e. 2002 to 2005 yield r2 from 0.35 
to 0.62). Relationships between yield and 
topography are known to vary substantially from 
year to year. Boundary line analysis combined 
with nonparametric spline regression was found to 
be a useful diagnostic tool to identify yield 
potential and to describe complexly shaped 
relationships between yield and topography 

(Huang et al., 2008). Several researchers have 
studied the effects of topography and precipitation 
on yield variability for major crops, such as maize, 
soybean and wheat (e.g. Jiang and Thelen 2004; 
Si and Farrell 2004).  

 The results indicate that the future wheat 
yield is expected to decrease by 6, 9, and 14 % 
under near-, mid- and far-future climate scenarios 
(2050, 2100), respectively. Thus, based on the 
model calculation the required amount of water 
irrigation should be increased by 56, 85 and 147 
mm for 2030, 2050 and 2100, respectively to 
recompense the forecasted water deficit because 
of CC. Figure 8 demonstrate the expected yield 
reduction and water deficiency under the future 
projected climate change scenarios (2030, 2050 
and 2100) for wheat crop 

Finally, soil and climate evaluation models, 
hypothetical scenarios of climate change, and 
spatial analyses are beneficial tools for land 
managers and decision makers to achieve a 
sustainable land use planning and management 
for targeted areas (Muñoz-Rojas et al., 2015b; 
Muñoz-Rojas et al., 2017).  

The Micro LEIS approach has been broadly 
applied in Mediterranean region as a successful 
tool for evaluating land, predict the optimum land 
use and the best management practices, and 
assist the decision makers to solve specific agro-
ecological problems (e.g. Farroni et al., 2002; 
Erdogan et al., 2003; López García et al., 2005; 
Darwish et al., 2006; Bakr et al., 2009, Shahbazi 
et al., 2010; Abd-Elmabod et al., 2012; Muñoz-
Rojas et al., 2015a, 2017).  

 

 
 

Figure 8. Expected yield reduction and water deficiency under the future projected climate change 
periods (2030, 2050 and 2100) for wheat crop.   
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CONCLUSION 
The purpose of this study was to assess the 

impact of climate change (CC) on wheat 
production in the Northern western coast of Egypt 
(NWC) under different scenarios of CC. 

Agriculture use in NWC mainly depends on 
the local precipitation and irrigation water (from El-
Hamam canal); the precipitation varies between 
70 and 104mm per year, depending on the 
specific location.  

The land productivity models, Terraza 
(bioclimatic limitations) predict a negative impact 
on yield and crop suitability for the climate 
changes scenarios. These changes in crop 
suitability may lead to changes in land use in the 
future, and these potential changes in land use 
will indirectly also affect land degradation. 

Variation in the spatial climate conditions lead 
to variation in evaluation results for yield reduction 
and water deficit. 

Yield reduction for wheat crop varied between 
6, 9, and 14% under the projected climate change 
scenario 2030, 2050 and 2100 respectively.  

The implementation of these suggestions 
based on scientific studies of characterization and 
climate and soil evaluation, such as those in 
NWC, is considered as a central element of the 
most appropriate agricultural adaptation strategy 
to minimize the impact of climate change in the 
Mediterranean.  
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