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North Sinai, desertification risk is one of the main environmental and also
social and economic problems. This study aims to use geospatial information
to assess the environmental sensitivity for desertification in Ber EI-Abd area,
North Sinai, Egypt. Based on the Mediterranean Desertification and Land Use
(MEDALUS) approach and the characteristics of the study area. This model

could provide a valuable quantitative assessment of environmental sensitivity
to desertification. It also could support decision makers with important
information that could help in protecting and sustaining natural resources.
Five main indicators of desertification including soil (soil depth, soil texture,
electrical conductivity, rock fragments, drainage, and calcium carbonate),
climate (rainfall, evapotranspiration, and aridity index), vegetation (erosion
protection, drought resistance, and plant cover), erosion (wind erosion, water
erosion) and management (land use, grazing intensity as well as policy and
management) were considered for estimating the environmental sensitivity to
desertification. Arc-GIS 10.4.1 and ENVI 5.4 software were used for
assessing the desertification sensitive index, of which the map of
environmentally areas of Ber EI-Abd are, North Sinai Peninsula is produced.
The obtained data reveals that 47.9% of Ber EI-Abd area is characterized by
very sensitive areas to desertification, sensitive areas about 1.1%, while the
Check for low sensitive areas only 6%. The moderately sensitive areas occupies
updates approximately 4.8% of the study area.
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arid, semi-arid and dry sub-humid areas
resulting mainly from adverse human
impact (Shalaby et al., 2004). The

INTRODUCTION

Desertification is defined as ““a condition

of human-induced land degradation that
occurs in arid, semi-arid and dry-sub humid
regions and leads to a persistent decline in
economic productivity of useful biota
related to a land use or production system”
(UNCCD, 2002). The United Nations
Conference on desertification defined it as
the diminution or destruction of the
biological potential of the land, which could
lead ultimately to the formation of desert-
like conditions. This definition was modified
by the United Nations Environment
Programed (UNEP) as land degradation in

climatological conditions of the northern
part of Sinai play an important role in
shaping North Sinai area and in controlling
the ecology of the area. These conditions
include extreme aridity, long hot rainless
summer periods and mild winters in which
storms rarely occur. The northern part of
Sinai is also characterized by a so called El-
Khamasin storms or sandstorms. These are
violent winds which blow intermittently
over a period of 50 days during February
and March. Generally, the prevailing
climatic conditions in the North Sinai
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include low rainfall, high temperatures,
strong wind, high evaporation and low
relative humidity.

The temperatures in the North Sinai differ
from one location to another according to
its position from the Mediterranean Sea and
the direction of winds (Hassan, 2002).
Breckle et al. (2

001) and Elnaggar (2014) show that
desertification is one of the most important
problems that are facing arid and semi-arid
regions along the world. This phenomenon
could be either human-induced or due to
adverse natural conditions or both, which is
common. Egypt is classified as territory
susceptible to wvery high to high
desertification sensitivity. The desertification
processes existing in Egypt include; urban
encroachment on expenses of arable land,
wind erosion, water erosion, salinization
and water logging (Rasmy et al., 2010).
Saleh et al. (2018) reported that different
models have been recently developed for
the quantitative assessment of desertification.
The Mediterranean Desertification and
Land Use (MEDALUS) model is one of the
most commonly used models in this regard
(Basso et al., 2000; Kosmas et al., 2003).
Different  types of  sensitivity to
desertification were observed around the
Mediterranean region. Most of highly
sensitive areas in that region were primarily
associated with low rainfall, low vegetation
cover, low resistance of vegetation to
drought, steepness and high soil erosion
(Ali and EIl-Baroudy, 2008; Gad and
Lotfy, 2008; Afifi et al., 2010). This model
considers soil, vegetation, climate and
management quality indices in the
evaluation of Environmental Sensitivity
Areas (ESAS) to desertification. It could be
concluded that the  Mediterranean
Desertification and Land Use (MEDALUS)
model could provide a valuable quantitative
assessment of environmental sensitivity to
desertification. It also could support
decision makers with important information
that could help in protecting and sustaining
natural  resources. In  this  model

environmental sensitivity to desertification
was evaluated based on four important
quality indices (soil, vegetation, climate and
management) that have great impact on that
phenomenon. Remote sensing and GIS
techniques are very helpful to collect, store,
manage, retrieve, analyze, and output the
huge amounts of geospatial data and field
observations (Al-Khuzaie et al., 2015). The
development of GIS facilitated the
integration of multi sources of spatial data,
which helped in the establishment and
standardization of procedures used to
evaluate and identify sensitive areas to
desertification (Ferrara et al., 1995; Basso
etal., 1998).

The aim of this study was to use
MEDALUS methodology using GIS to
assess and map the desertification
sensitivity in Ber EI-Abd area, North Sinali,
depending upon the soil’s characteristics,
climaticdata, vegetation, erosion and
management practice.

MATERIALS AND METHODS

Study Area

The studied area is located at the northern
part of the Sinai Peninsula, bounded by
longitudes 33° 15 and 32° 45" East, and
latitudes 30° 55" and 31° 15" North, as shown
in Fig. 1. The main geomorphological units
in North Sinai are basin, sabkhas (dry and
wet), sand dunes (high, medium and low),
man-made terraces, sand sheet, salts, swamps,
lake, island, sand bare, water bodies, and
costal sand dunes (Fig. 2). Soils of North
Sinai were classified into two orders:
Aridisols and Entisols (Hassan, 2002). The
studied area has typically arid and semi-arid
climatic conditions (Mohamed, 2013). The
maximum temperature is 31.9°C in Ber El-
Abd station, as was recorded in August,
while the minimum temperature is 18.5°C,
as was recorded in January. The mean
temperature in winter ranges between
14.7°C to 16.6°C and 14.2°C to 16.1°C. In
summer, the mean temperature ranges
between 244 to 24.7°C. The solil
temperature regime of the area could be
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Fig. 1. Location of the study area

defined as thermic and the soil moisture
regime as torric, except for the soil that has
a_high-water table where the soil moisture
regime could be considered as aquic. The
natural vegetation in the studied area is very
poor, and the most striking feature in the
area is_its barrenness. El Salam canal is
considered one of the main sources of
irrigation water; it feeds the northern part of
the investigated area. The source of this
water is Nile water, Bahr Hadous and Serw
drains, with a mixing ratio of 1:1
(Mohamed, 2006).

Digital Image Processing

The studied area was represented by
Landsat 8 satellite images dated from 2018.
The images were atmospherically corrected
to calculate (Normalized Difference
Vegetation Index) NDVI by equation
(NDVI=(NIR-RED)/(NIR +RED) to assess
the vegetation quality index. A mosaic
process was elaborated to overlay the
images.  (Shuttle Radar  Topography
Mission) SRTM Digital Elevation Model

(DEM) images were used as the source data
for the elevation heights of the study. DEM
has been derived from SRTM images.
Slope and aspect were derived from DEM
as a factor of soil quality index. The mosaic
image was draped over DEM to get the feel
of a natural 3D theme to get a better
understanding of the physiographic units
and to facilitate extracting these units.

Soil Data Collection

Around 39 soil profiles were collected,
26 soil profiles from Ragab and Reda,
(2005) report and 13 soil profile from Hola,
(2000). M.Sc. Thesis.

Spatial assessment for desertification
sensitive index (DSI)

GIS was used five thematic indicators
quantifying the environmental quality in
terms of climate, soil, vegetation, land
management, and erosion (Sepehr et al.,
2007; Mohamed, 2013), (Table 1).

DSI = (SQI x VQI x CQI x MQI x EQI) ¥#
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Where DSI is the desertification quality
index, SQI is the soil quality index, VQI is
the vegetation quality index, CQI is climate
quality index, MQI is the management
quality index, and EQI is the erosion
quality index.

Soil quality index (SQI)

The following equation was used to
assessment soil quality index

SQI = (Id x It x Is x Ic x le x Ir x Idr) ¥/

Where Id is the index of soil depth, It is
the index of soil texture, Is is the index of
slope gradient, Ic is the index of calcium
carbonate content, le is the index of
Electrical conductivity, Ir is the index of
rock fragment and Idr is the index of
drainage condition.

Climate quality index (CQI)

Climate quality is calculated according
to the following equation:

CQI=(Ir x le x la) 13

Where Ir is the index of rainfall, le index
of evapotranspiration, and la is the index of
aridity.

Vegetation quality index (VQI)

Vegetation quality index was calculated
according the following equation:

VQI = (lep x Idr x Ipc) ¥
Where lep is the index of erosion
protection, Idr is the index of drought

resistance, and Ipc is the index of plant
cover.

Management quality index (MQI)

Management quality index was calculated
according to the following equation:

MQI = (Il x Ip x Ig) 1
Where 1l is the index of land use, Ig is
the index of grazing intensity, and Ip is the
index of policy.
Erosion quality index (EQI)
Erosion Quality Index was calculated on
the basis of the following equation:

EQI = (Wind erosion xWater erosion) 2

RESULTS AND DISCUSSION

Soil Quality Index

The soil quality can be evaluated by
using simple soil properties such as soil
texture, electrical conductivity, rock
fragment cover, soil depth, slope grade,
drainage conditions as well as calcium
carbonate contents. The results indicate that
the classes of soil quality index were high-
and low-quality soils (Table 2), 57.6%
(1315.8 km? of the studied area is
characterized by high soil quality, the low
soil quality index occupies an area about
2.2 % (49.7 km?) of the total area as shown
in Fig. 3 and Table 2.

Climate Quality Index

The rainfall, evaporation, and aridity are
the main climatic attributes which contributes
to the desertification processes. The result
illustrated, the climate quality index was
fitted under one category, which is semi-
arid (about 59.8%) (Table 3 and Fig. 4).
Climate quality has influence on the
vulnerability of soils to desertification due
to its critical impact on the growing of
vegetation and soil erosion.

Vegetation quality index

Vegetation quality index is an essential
factor for assessing the degree of
desertification sensitivity in north Sinai.
The erosion protection to the soils, drought
resistance, and plant cover are the major
factors affecting vegetation quality in the
studied area. Remotely sensed images were
used to derive NDVI as a good indicator of
vegetation cover. The overall vegetation
quality index of the study area was fitted
into two categories (Table 5). These
categories are moderately quality in about
4.7% and very low quality in about 55.1%
of the study area as illustrated in Fig. 5 and
Table 4.
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Table 1. Classes and factors assigned weighting index affecting desertification process

Indicator

Sub indicator

Description

Class (threshold) Index

Soil quality index

Climate quality index

Soil depth

Soil texture

Slope gradient

Electrical
conductivity

Rock fragments

Drainage

Calcium
carbonate

Rainfall (mm)

Evapotranspirat
ion (mm)
Calculated
according (FAO
Penman-
Monteith
method)

Aridity index
(P/ETp)

Very deep
Moderately deep
Shallow

Very shallow

Loamy sand, Sandy loam
Loamy clay, clayey sand, sandy clay

Clayey, clay loam
Sandy to very sandy
Gentle
Not very gentle
Abrupt
Very abrupt
Very low
Low
Moderately
Moderately high
High
Very stony
Stony
Bare to slightly stony
Well drained
Moderately drained
Poorly drained
Non-calcareous
Slightly calcareous
Moderately calcareous
Strongly calcareous
High
Moderately
Low
Low
Moderately
High

Semi-arid
Arid
Hyper-arid

Depth>1m 1.0

Depth<1t0o0.5m 1.33

Depth<0.5t0  1.66
0.25m
Depth <0.15m  2.00

1 1.0

2 1.2

3 1.6

4 2.0

<6 % 1.0
6-18 % 1.33
19-35% 1.66
>35 % 2.0
<4 dS/m 1.0
4-8 1.2
8-16 1.5
16-32 1.7
>32 2.0
>60 % 1.0
6020 % 1.3
<20 % 2.0
1 1.0

2 1.2

3 2.0
<5% 1.0
5-10% 1.2
10-20% 1.5
>20% 2.0

>300 mm 1.0
150-300 mm 1.33
>150 mm 1.66
<1,500 mm 1.0
1,500-2,000 mm 1.5
>200 mm 2.0

Al>1 1.0
Al 0.1-1 1.5
Al <0.1 2.0
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Table 1. Cont.
Indicator Sub indicator Description Class Index
(threshold)
Agricultural lands 1 1
Rangelands 2 1.3
% Land use Poor and degraded 3 1.6
2 Bare lands 4 2
é Grazing Low <1 L0
S intensity Moderate 1-25 1.5
S High >2.5 2
é Complete: >75% of the area under 1 1.0
o protection
% Policy and Partial: 25-75% of the area under 2 1.5
= management protection
Incomplete: <25% of the area under 3 2.0
protection
Very low 1 1
9 Low 2 1.2
é Wind erosion Moderate 3 15
5 High 4 1.7
= Very high 5 2
= Very low 1 1
15 Low 2 1.2
§ Water erosion Moderate 3 1.5
w High 4 1.7
Very high 5 2
High 1 1.0
Erosion Moderately 2 1.33
% protection Low 3 1.66
2 Very low 4 2
2 Gardens, orchards, 1 1.0
S rangelands
E Dr.ought Permanent grassland, annual crops and 2 1.5
S resistance
= grasslands
T Bare land 3 2.0
S High >35% 1.0
Plant cover Low 10-35% 1.5
Very low <10% 2
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Table 2. Soil quality index of the studied area

SQI classes Score  Area (Km?) Area(Fed) Area(ha) Area of total (%)
High quality <1.2 1315.8 315190.1 750468 57.6
Low quality >1.5 49.7 11839.7 28190 2.2
Reference terms 916.8 216371.2 515180 40.2
Total 2282.3 543401.0 1293838 100
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Fig. 3. Classes of Soil quality index in the studied area

Table 3. Climate quality classes of the studied area

CQI classes Score Area (Km?) Area(Fed) Area(ha) Area of total (%)
Semi-arid 1.2-1.4 1365.5 327029.8 778658 59.8

Arid 14-1.6 - - - -
Hyper-arid >1.6 - - - -
Reference terms 916.8 216371.0 515179 40.2

Total 2282.2 543401.0 1293838 100
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Fig. 4. Classes of Climate quality index classes of the studied area.

Table 4. Vegetation quality classes in the studied area

VQI classes Score Area (Km?) Area(Fed) Area(ha) Area of total (%)
High quality <1.2 0 0 0 0
Moderate quality 1.2-1.4 107.8 26165.9 62301 4.7

Low quality 1.4-1.6 0 0 0 0

Very low quality >1.6 1257.7 299457.7 713009 55.1
Reference terms 916.8 217777.4 518528 40.2

Total 2282.3 543401.0 1293838 100

z| Legend

5| W Medetranian Sea B Costal Sand Dunes
Lake I Moderate quality
B Island Very low quality o 5 10 20 30
B Sand Bar B Water Bodies — T— Km
e weoe BT wioe T w0

Fig. 5. Vegetation quality index classes of the studied area
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Table 5. Management quality classes in the studied area

MQI classes Score Area (Km?) Area(Fed) Area(ha) Area of total (%)
High quality 1.0-1.3 310.7 73986.6 176162 13.6
Moderate quality 1.3-1.5 688.0 163816.6 390047 30.1
Low quality >1.5 366.7 87300.9 207863 16.1
Reference terms 916.8 218296.8 519765 40.2
Total 2282.3 543401.0 1293838 100

Management Quality Index

Management quality index included land
use, grazing intensity, and policy, which
were clearly important factors controlling
the desertification process. The result indicated
that the management quality index of the
study area was fit into three categories as
demonstrated in Table 5. These categories
are high, moderate and low in about 13.6,
30.1 and 16.1% of the studied area,
respectively (Table 5 and Fig. 6).

Erosion Quality Index

Erosion plays an important role in
desertification sensitivity in the northern
Sinai region, which is characterized by a
high and moderate erosion quality index
due to the effect of morphology and relief,
wind velocity, soil characteristics, and plant
cover. The result indicated that the overall
erosion quality index of the study area was
fitted into three categories (Table 6). These
categories are high, moderate and low
quality in about 11.3, 39.8 and 8.9%
respectively from the study area as
illustrated in Fig. 7 and Table 6.

Desertification Sensitive Index (DSI)
in the Studied Area

The integration of soil parameters, climate
condition, vegetation cover, management,
and erosion rates were considered to derive
DSI. Based on the results of the above-
mentioned quality indices, SQI, CQI, VQlI,

MQI and EQI in the study area were fitted
into four environmental sensitivity classes
to desertification. These classes are very
sensitive areas (represent about 47.9% of
the study area), sensitive areas (represent
about 1.1% of the study area), moderate
sensitive areas (represent about 4.8% of the
study area) and low Sensitive areas
(represent about 6% of the study area), as
illustrated in Fig. 8 and Table 7.

Conclusions

The MEDALUS model is very valuable
method in assessing the desertification
phenomena in arid and semi-arid regions. In
this study, we apply the MEDALUS
methodology using GIS to assess and map
the desertification sensitivity in the study
area  depending upon the soil’s
characteristics, climatically data, erosion,
vegetation, and management practice.
Remote sensing data and GIS tools is very
important in identifying areas where
sensitivity is increasing over time. This
work covered the highlights and overviews
on severity areas in the Ber EI-Abd, North
Sinai where it shows a part, about 47.9 %,
of the studied area which is susceptible to
desertification due to low vegetation cover,
soil quality, mismanagement, climate
condition, and wind erosion. Therefore,
these area of North Sinai needs great efforts
from the Egyptian government to overcome
these phenomena through using effective
management and policies to combat
desertification.
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Fig. 6. Management quality index classes of the studied area

Table 6. Erosion quality classes in the studied area

EQI classes Score Area(Km?) Area(Fed) Area(ha) Area of total (%)
Low quality <1.2 202.4 48199.9 114764 8.9
Moderate quality 1.2-1.6 904.5 215362.3 512778 39.6
High quality >1.6 258.5 61541.9 146531 11.3
Reference terms 916.8 218296.8 519765 40.2
Total 2282.3 543401.0 1293838 100
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Fig. 7. EQI classes of the studied area
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Table 7. Environmentally sensitive areas

179

DSl class Score Area (Km?) Area (Fed) Area (ha) Area of total (%)
Low sensitive areas 1.2-1.3 137.4 32702.5 77865 6.0
Moderately sensitive areas 1.3-1.4 109.9 26165.9 62301 4.8
Sensitive areas 1.4-1.6 25.8 6134.4 14606 1.1
Very sensitive areas >1.6 1092.5 260114.1 619332 47.9
Reference term 916.8 218284.1 519734 40.2
Total 2282.3 543401.0 1293838 100

E

;

. Legend L

| M Costal Sand Dunes I Moderate sensitive areas §

3 Isla‘nd || zun({ :\Zr‘,.reas 8
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Fig. 8. DSI map of study area
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