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HE STUDY area is located in the northern Mediterranean coast of

Egypt between El-Hammam town, to the east and El-Alamean
town, 1o the west. The area, from the seacoast to the Libyan plateau is
composed of calcareous formation of Pliocene and Pleistocene ages, but
covered by recent sediments. The wind and fluvial activities rework the
sediments. The southerly dusty warm storms harm cultivation and cause
soil water loss through its influence on increasing evapotranspiration.
Also grazing and collection of plants for fuel, on large scale, have
undoubtedly hindered the natural development of the vegetation and the
soils, The current research aims to detect and assess the indictors of
land degradation through the use of multi-nature remote sensing
facilities and multi-temporal satellite images.

Two windows of SPOT XS satellite images dated (988 and 1947
were digitally enhanced, geometrically corrected and classitied. Field
investigation was carried out on bases of the preliminary image
analysis. Hyperid classification technique was generaied using both
ground truth and spectral classes.

A present state s0il map was produced on basis of SPOT XS image
of 1997 and ficld investigation. It was possible to drive out two reliable
land use / land cover maps of years 1988 and 1997. Application of
change detection technique on the two sets of data showed an increase
in the area of saline and hyper saline soils from 1988 to 1997, Areas of
vegetation, characterized by plant species that grow as short individuals,
increased on expense of vegetation, characterized by piant species that
grow as tall individuals. Resort houses and artificial limestone quarries
as well as fig orchards that are maintained by medium to high level of
agricultural replaced coastal dunes and other ridge components.
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The problem of aridity extends mostly to 50% of the universe. Varieties of land
degradation problems are related to physical, biological and socio-econoniic
situation in arid lands and provoke stress on their natural resources. The
common problem to all arid zones is the fragitity of its ecosystem and the
accompanying potential threat of desertification provoked, in most cases, by
human intervention (UNESCO, 1977).

Remote sensing, with its multi-temporal nature provide the mean to detect
dynamic phenomena and to deduce information about objects (Townshend.
1992}, The use of high-resolution satellite images 1s almost promising 1o obtain
reliable land cover/land use information (Dewbin and Fvurns, 1988). Also. soil
associations, among natural resources, could be explored through space images
(Biswas and Singh, 19¢1). Biswas (1986) stated that it is easier and morc
accessible 10 generate various soil, land and water resources data accurately and
efficiently for planning integrated programs through the use of remote sensing.

The current research is performed in the context of the CAMELEQO project,
which aims (o include monitoring of fluctuation in land surface conditions

through earth observations.
Location of Study Area and Environmental Setting

The study area is located along the northern coast of Egypt limied by
latitudes 30" 44' N to 30° 49' N and longitudes 29° 00" to 29" 28' E It is
bordered from the east by El-Hammam town and from the west by El-Alamcin
town (Fig. 1). The arca is composed of sedimentary rocks that belong (o the
Tertiary and Quaternary ages. The strata, from the seacoast 1o the Libvan
platcau. are formed of a calcareous formation of Pliocene and Pleistocene ages,
bul covered by recent aeolian and fluvial sediment

The presence of alternative ridges and depressions running parallel to the
coast in an east-west orientation characterize the coastal plain of the study arca.
The ridges are formed of limestone with a hard-crystallized crust and vary in
altitude and lnhological features according to age. The most prominent ridges
are the coastal, Abu-Str and Gebel Mariout ridges (Ayyad and El-Gharech,
1984).
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Fig. 1. Location map of study area.

The Abu-Sir ridge is separated from the coastal one by a depression having a
mean surface elevation of 5 m above sea level and a width that varies between
300 meter and 1 km. 1t is filled with calcareous formation, highly saline in some
places. The depression between Abu-Sir and Gebel Mariout ridges is occupied
by the Mallahat Mariout depression. It has a width varying between 2 to 5 km.
with surface mostly below sea level. The area is mainly filled with brackish
water and saline calcareous deposits (El-Gabaly ef al., 1968). Gypsum crystals

and organic mottles are observed near the waler table forming a glued layer of
olive grey colour (FAQ, 1970).

Material and Methods

Several stretching processes were applied to the SPOT images sub-scencs of
1988 and 1997. These were used for the visual interpretation as guides for the
fieldwork. The histogram equalization stretching process resulted in the
maximum contrast between features of the two sub-scencs. False color
composites (FCCs) of the two enhanced sub-scenes were created using the
combination of bands 3.2,1 rendered in red, green and blue respectively.
Unsupervised classification was applied on both images.

Egypt. J. Soil Sci. 43, No. 1 (2003
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Field visits were based on the results of ‘the preliminary analysis of (he
satellite images. It aimed at recognizing differcnt soil and vegetation conditions.
A number of 65 observation sites were studied, soil pits were investigated and
samples were collected for l[aboratory analysis. Also, field radiometric
measurements were performed to define the spectral characteristics of soil
surfaces and land cover. Laboratory analysis of soil samples was performed 10
characierize properties of the soil associations.

The results of the field investigation and laboratory analysis fed back the
image interpretation to eiaborate soil conditions map. Cross tabulation, as a
change detection technique, was applied on the two SPOT sub-scenes (1988 and
1997) covering El-Omayed observatory area. The chosen area has long historical
data records. through ROSELT network.

Resuits and Discussions

Satellite image processing

Concerning the unsupervised classification of SPOT image of 1988 and
1997, it was possible (o cbtain a number of 28 classes, each has its spectral
characteristics. The regrouping of the classes on basis of ground truth data and
the system function of image alarm resulted in defining a number of 11 classes
{Fig. 2). It was found that both class 1 and class 2 are mostly related to the
“Deep Water”, although the signature of the two classes was not identical,

]

Classes 3 and 4 indicate the “Shallow Water™ as they are extension of the
previous class on the shoreline. The signature characteristic of class 5 is near to
the signature of proposed shallow water, and is located in the inland near to the
coast. Thus. "Wet Land” is assigned to class number 5. The “Sabkha™ areas are
located around the proposed wetlands near to the coast could be presented by
class 6. Both classes 7 and 8, which are located along Alexandria-Matrouh road
and the coast, are mostly related to the "“Limestone and sand beaches™. Duc 10
the strong interference between the vegetation and bare soil pixels. it was not
possible to differentiate between the bare soil and vegetation. Thus classes 9 and
10 are representing a combined class including both and have the name "Bare
Soil & Vegetation. The interpretation was supported by results of previous
studies carried oat by Ayyad and Le Floch (1983) and Ei-Kanany (1995). The
resufts gave a clue Lo build a reflection database for different soils and vegetation
types in the study area.

Egvpr. J. Soif Sci. 43,No. 1 (2003)
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Fig. 2. Unsupervised classified SPOT images of study area.
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Field studies and mapping of soil conditions

It was posstble to identify five soil types (Fig. 3} as follows according to their
salinily and depth;

1- Non 10 slightly saline (FC< 4ds/m), deep soils.

2- Non to slightly saline, moderately deep to shallow soils.

3- Moderately saline (EC = 4-8 ds/m), deep soils.

4- Moderately saline shallow soils

5- Highly saline soils (EC> 8 ds/m)

The non te shightly saline deep soils (Table 1-A) are characterized by a soil
depth more than 100 cm and a texture class ranging from sand to sandy loam.
The EC of soil past range from 0.15 to 3.4 ds/m, and the CEC from 1 to 12.5
meq/100 g soil. The calcium carbonate content ranges between 18.90 to 93.4%
and the organic matter is 0.08 t0 0.41%.

The non to slightly saline, moderately deep to shallow soils (Table 1-B) are
characterized by a soil depth of 15 to 60 cm and a texture class ranging from
sandy loam to loamy sand. The EC values range from 0.35 o 2.80 ds/m. The
calcium carbonate content is rather high (29.25-75.0%) and the organic matter
contenlt ranges between 0.10 to 0.30%.

The moderately saline deep soils {Table 1-C} are characlenzed by a soil
depth more than 100 cm and loamy sand and sandy loam soil texture. The EC
values range from 4.13 to 8.0 ds/m and the CEC ranges between 4.1 to 13.50
meq/100 g soil. The calcium carbonate content is 26.8 to 80.3% and the organic
matler ranges between 0.09 t0 0.18%.

The moderately saline shallow soils {Table ! -D) are characterized by a soil
depth of 20 to 60 c¢m and sandy loam to loamy sand soil texture. The EC values
range from 4.10 to 6.37 ds/m and CEC values from 2.8 to 21.8 meg/100 g soil.
The calcium carbonate content ranges between 39.4 to 91.4% and the organic
matter ranges between 0.09 to 0.24%.

The highly saline soils (Table 1-E) are characterized by a soil depth of 80 to
140 em and sandy loan1 to loamy sand soil texture. The water table, in most
cases. 1% found at 100 em depth. The EC of the soils is high (> 8 ds/m), except

Egvpt, . Soif Sci. 43, No. 1 (2003)
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TABLE 1. Physico-chemical propertics of some soil profiles representing different soil units.

Soil Profile  No. Catiots meg/l Anions megA Particle size
Units * | Depth pH EC CaCoO, oM | CEC distribution Texture
dSim | (%) Ca™ |Mg' [Na" [K COy” [ HCOy | CF 80,7 | (%) | meq/100 | Saad | Silt | Clay
: soil (%) Yoy 1 (%)
IT\ 2 (6-25) 835 092 [3310 [700 ]300 [085 [020 [000 [0.20 i.50 875 (006 |7.20 2000 [ 11.00 {900 [ Loamy Sand
(25-100) [873 |024 (4730 |1.00 [070 (072 {012 !000 {070 130 1054|045 [7.10 7950 { 13.10 | 7.40 | Loamy Sand
A 16 (0-50% 935 [040 15360 [230 140 Jriz |013 |0o0d ]i30 210 (155 [010 ]620 91.00 [100 [ 800 | Sand
(50-105) (946 |035 [4730 1200 |10 |00 [otr {000 (150 1950 (091 loo7 (600 %0.10 | 880 | 11,10 | Sandy Loam
(105-150) | 930 [ 110 14570 | 750 1400 71133 1020 (005 1199 820 | 280 [007 | 1250 76.20 ) 130 | 16.70 | Sandy Loam
i 46 _{0-15) 780 (062 [3472 {140 (340 [0S0 |02 005 _[960 200 (030 [030 |19 7390 [ 19.80 | 6.30 | Sandy Loam
_(15-45) [782 051 {4225 |00 [440 [D20 7020 [000 [%.00 1.50 o085 o002 |1.20 20.10 [ 1070 [ 9.20 | Sandy Loam
(45-60) [7.73 {050 14656 1+20 1760 1030 1010 foo0 [340 250 1560 (023 50 8020 12,30 1 7.50 [ Sandy Loam
B 23 {0-15) 901 070 [423c 1180 [0&5 [440 [016 1000 | 080 500 |14l NEEMERD) 7990 | [4.20 1 5.90 | l.oamy Sand _
(1530 997 1035 16l40 o085 [040 {230 020 looo (03500 (150 1195 (010 |950 68.90 12420 [ 690 | sandy Loum _
c 17 (0-25) 858 1790 [3310 f1800 | 600 [675 [043 Jooo [280 600 [22.18 [0.13 [420 76,50 | 14.40 § 9.10 | Sandy L.ount
(25-50) 862 1571 {3990 17606 | 700 {600 1038 1000 1250 14,50 1 13.98 1012 5410 29.20 14500 1470 anty sand
o (50-110) 7 438 13620 [ 30.00 | I300 [3560 [226 jo010 _[2.00 7900 (476 [008 | 630 7280 [ 2410 1310 | Sandy Loany
C 10 {6-30)_ .6 0.6 47.30 1700 o |38 .25 [0.00 60 370 35 AL] 70 T3.00 {3200 | 5.00 | Sandy 1oam
(30-110) |38 7. 6930 [ 76,40 | 1640 | 32.66 | 195 T095 [ 3.80 58.60 | 14.06 | 0.10 .50 76,80 1600 7 7.20 andy Lot
(170-8505 1894 Y600 | 6620 4 25.10 |11.80 | 29.15 { .80 ) 0.80 330 5200 118.50 7 .20 7800 | 12.30 | 9.50 andy Loam
D 11(0-25) 57 600 |3940 [27.80 | 1290 13166 |2.10 j0.80 | 3.50 57.50 | 1260 [0.17 1740 70.90 | 18.00 [ [1.10 | Sandy Loam
11{25-50) 855 |4.10 |9140 1670 |80 | 1580 160 | 050 085 3810 1535 (009 |7.00 69.10 [21.00 1950 | Sandy Loam
D I8 (0-20) 831 [4.50 [66.20 [19.50 [ 1700 2060 [C.75 {000 |2.50 4).30 {3505 1017 |640 59.50 | 30.00 { 10.50 | Sandy Losm
12 {0-60) 894 1260 [3620 [16.00 600 |650 [033 J0.00 | 160 10,00 [ 17.23 | 0.17 [7.30 8020 [ 15.10 14.70 | Loamy Sand
E 12 (60M16) 835 [3060 [45.70 [29.00 | 12.00 [275.0 [ 149 [0.50 [ 3350 298.0 [ 2149 {0.14 | 7.00 7690 | 1840 [4.70 | Loamy Sand
12 (110-130) {823 [29.00 | 5200 [30.50 | 1900 [273.0 [ 1.55 [0.85 |3.21 2900 [ 2999 |01t [3.50 7520 2090 [3.50 | Loany Sand
E 14 (0-25) 933 (060 [3630 {290 140 [211 |06 [000 [100 320 1237 [o013 [3.20 8650 | 1040 [3.10 [ Sand
(25-115) {790 [2200 [47.30 6640 |43.80 [ 1210 [ 154 [000 ]330 210.0 119.54 [ 0.1 370 7490 [20.10 [ 500 | Loamy Sand
L (115-140) 1 792 [21.50 { 50.40 [ 64.80 {4300 1180 [180 1000 [290 2100 114.70 10,1 4.80 8260 | 1180 {560 [ Loamy Sand

* (A) Non to slightly saline deep soils, (B Non to shghtly saline, moderately deep to shallow soils. {C) Moderately saline deep soils. (D)
Moderately saline shallow soils, (E) Highly saline soils.
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in few surface layers is low (<4dsfim). The CEC values range from 2.2 1o 10.2
meq/100 g soil. The calcium carbonate content is 11 to 55.1 and organic matler
ranges between 0.10 to 0.17%.

The non-saline depressions and the northern gentle slopes are exhibiled by
the growing individual plant species. The normalized density of vegetation index
{(NDVI), based on SPOT-XS of 1997, proved that these areas have a relatively
low land cover percentages (<20%). Such areas include overgrazed grassland as
indicated by numerous features (excessive trampling, dung and poor growth ol
herbs and browsing of woody plants).

Field radiometric measurements for such seil type indicate a high reflection.
especially in wavelength range over 800 nm. Different objects in the site have
their particular reflection (Fig. 4). The dominant land degradation processes in
these areas include vegetation degradation and wind erosion.

30
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Fig. 4. Field radiometric measurements of Non to Slightly saline soils (site No. 2)
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The moderate and high saline soils exist in the northern saline depressions.
These are associated with short individual shrubs (average high less than 50 cm),
while having a relatively high land cover percentage (average 25%). The
radiometric measurements at site 9 (Fig. 5} represent the salt affected soils, with
surface salt crusts, and growing halophytes. It is noticed that the salt affected
sotls, with surface sait crusts are characterized by high reflection compared with
other surrounding land cover types. Such soils and their surroundings are
exposed 10 problems of salinity, alkalinity and water logging.

e T T
—nmmmwn-lm}'
'\ bre 308 with brownish arewal planty

400 500 500 700 a0 500 1000
Wyrslergth tm)

Fig. 5. Field radiometric measurements of the salt affected soils (site No 9).

Change detection of the land use/land cover

Application of change detection technique of land use and land cover
classes. deduced from the SPOT images of 1988 and 1997, revealed that the area
exhibited by Halophytes has increased from 10.47 to 14.10 km?2 (Table 2). The
areas exhibited by short individual dense plant species (Shrubs I- Fig. 6) have
increased from 3.96 km? in 1988 to 16.18 km? in 1997. This change occurred
mostly on the account of piant species that grow as tall individuals and in low
land cover percentage (Shrubs 2). That means that the vegetation arcas weakly
influenced by man are replaced by overgrazed grassland, which is indicated by
numerous features (excessive trampling, dung, and poor growth of herbs and
browsing of woody plants). This type of vegetation cover is generally common
in many of the areas within the non-saline depressions and northern gentle slopes
of highland.

Egvpr. S Soil Sei. 43, No. 1 (2003}
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Fig. 6. Classes changed from “Shrubs 1" during the period 1988 1o 1997,

The coverage of the sand beaches and limestone exposures (Fig. 7) decreased
from 13,15 km? in 1988 to 7.31 km? in 1997. This change occurred mainly into
the classes of “Settlements, as resort houses, and in door gardens” (2.7 kmz),
“tiatephytes” {2.34 km?”) and “Burrowing (1.1 km?), That explains the excessive
srection ¢ resort houses on the northwestern coast and their consequences on
i habitirs. New classcs appeared in the images of 1997, as Lake Water.
Airoing outputs and indeor gardens. These features cccurred as a result of resort
qousing infrastructure development and the introduction of an under structure

crigatton canal,
Conclusion

Tt is possible 1o cenclude that the change in land use/land cover may indicate
fand degradauion phenomena. The study area is subjected to land degradation
processes, mest are man induced ones. The progressive erection of resort houses
along the coast resulted in disappearance of sand beach mounds and associated
habitats. Shert individual shrubs replaced and indicate saline soil proper. Also,
common hmestone artificial quarries were created along the coastal road due to

Egypr. J. Soil Sci. 43, No. | (2003)
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Fig. 7. Classes changed from “Beach sand & Limestone exposures” during the
period 1988 to 1997,

TABLE 2. Cross tabulation between land use/ land cover classes in 1988 (columns)
and 1997 (rows), based on classifying SPOT images.

=

BT (& g |~ |= g |55
Classes E 3 3 R L} ?é E g 0 E

5 a (258 &% (£ 5 |= e I e R

2 g |=Emlg 12 ¢2 (= [REIE (§=i2

s} o |&z|= |u |8 |& |aldlé |[& &<
Unclassified FYE?, 0.00 {0.00 {0 0.00 {0.00 10.00 ]0.00 10.00 |0 41.28
Deep Water 0.04 10.59,C 0.00 [0.00 [0.00 {0.00 [0.00 [o 4312
Shallow Water |0.00 {0.78 524¢0.18 (0,00 [0.060 [0.00 10.00 10.02 |0.14 9.5
Halophytes 0.02 0 0.12 |343i]0.41 |4.03 [0.56 |2.77 [0.43 [2.34 [14.1
Shrubs(1) 0.03 10.00 |0.00 [2.96 D¢ 8.01 |0.12 |4.08 |0.01 |0.17 [i16.18
Shrubs(2) 0.17 [0.00 [0.00 (0.66 [1.92 0.12 §5.34 10.00 {0.11 142.89
Fig Trees 0.00 [0.00 |0.00 [0.29 |0.07 [0.63 0.61 [0.00 |[0.14 |1.76
Degraded Lands |0.07  [0.00 [0.00-|0.28 |0.65 [14.69|0.02 0.01 [0.58 [20.28
Settlements 0.00 ]0.00 ]0.07 10.41 |0.04 [0.37 |0.11 [0.38 1.42 |3.32
Sand Beaches (001 |0 0.3 10.56 10.02 10.11 10.09 (0.47 (0.14 7.3
Limestone
Lake Water 0.00 |0.14 11.77 |1.28 10.01 |0.00 |0.04 |0.00 [0.04 ]0.22 |3.5]
Gardens 0.00 [0.00 (0.02 |0.29 (001 lo21 {001 {028 |g.26 1.32 12.40
Digging Output 10.00 {0.00 [0.0! {012 [0.02 [0.38 {0.01 [0.36 [0.04 [1.11 {2.05
Total 41.63 [33.41)21.38{10.47|3.96 [162.99/1.07 118.27{1.51 |13.15 207_85—!
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the use of its rocks in raising resort land levels. The exposed lower sediments

caused negative effect on the vegetation cover percentage. Other degradation
agents (Le. wind erosion and seasonal water erosion) are provoked, where the
soils in the non-saline depressions and gentle slopes are vulnerable to erosion.
processes. Native economic plants (i.e. fig trees) have diminished and werc
replaced by served fig trees in the plateau and halophytic plants in the
depressions.

Remote sensing has proved to be a satisfactory tool in surveying land
usefland cover. Different remote sensing facilities may lead 1o useful
information to understand the environmental conditions. Visual interpretation of
satellite images may give a clue on densily of vegetation and various land use
patierns. The digital processing of satellitc images can quantify the changes. The
measurements of field radiometry define the spectral characteristics of 1he
objects, which can be followed on the images as criteria for land degradation.
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