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Ras-Mohammed National Park. on the =outhern tip of Sinai peninsula. is a valuable tourist resource that <hould be
carefully conserved. It has been recently threatened by numerous anthropogenic activities. including oil spills from
tankers passing through the Gulf of Suez. The objective of this paper is to carry out an environmental sensitivity
analyvsix of this coastal environment. and to derive an environmental sensitivity index map of the area. Integration
of remote sensing and GIS techniques has proved a powerful tool for analvses of the environmental sensitivity for
potential oil spills. In this work. SPOT-XS images were used to derive information about various resources of the
area. especially the shallow submarine coral reef communities. Topographic and field surveyv data were combined to
produce the required sensitivity map. Ten major natural classes, along the shoreline and foreshore resources and
habitats. were identified and analyzed. Their environmental sensitivity to potential oil spill were rated from low to
high. The lowest sensitivity was assigned to the sea cliff and the highest to shallow coral reefs. Using GIS functions
and analyses, it was possible to produce land use/land cover; shoreline sensitivity; foreshore sensitivity and critical
natural resources maps. This information was used to determine protection priority, to propose access and protection
planing, and to derive an environmental sensitivity index map of Ras-Mohammed.

ADDITIONAL INDEX WORDS: Remote sensing, GIS, Red Sea, coastal hazard. otl spill, environmental pollution, coral

reefs.

INTRODUCTION

The coastal zone of Ras-Mohammed is characterized by its
sensitive natural resources and habitats (e.g. ORMOND, 1982).
This area is one of the most important recreation and tourism
sites of Egypt. The study area (Figure 1) is located at the
southern tip of Sinai, between 35°05'00” to 34°20'00"E and
27°42'20" to 27°52'20"N. It covers the main part of Ras-Mo-
hammed National Park.

Natural resources in this area are threatened by numerous
human activities. Potential oil pollution from tankers cross-
ing the Gulf of Suez, phosphate pollution from industrial ac-
tivities in the north, in addition to the impact of various tour-
ist activities, are the major sources of danger to this coastal
environment. The sensitive coastal ecosystems including cor-
al reefs, rare species of migrating birds, crystal clear water
and sunny golden beaches, are all under risk.

The main objective of this study is to carry out an environ-
mental sensitivity analysis of the area of Ras-Mohammed, to
derive the environmental sensitivity index map of the area,
that assists decision makers and planners to plan, develop
and manage these resources efficiently.
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The different physical environmental parameters which
characterize the area such as weathering, wind, land and sea
breezes, humidity, cloud cover, rainfall, currents, and tides
are given in EDWARDS (1987). Reef structure, corals, fauna
and flora on Ras-Mohammed National Park were reviewed
by IUCN/UNEP (1988) and EL-GAMILY (1994).

Qil pollution throughout the coastal environment of Red
Sea and both gulfs was documented by a number of workers
e.g. OTTERMAN et al. (1974), BARRATT (1982), Lovya and
RINKEVICH (1987), Dicks (1987), IUCN/UNEP (1988) and
ABDEL-KADER (1990). Coastal zone geomorphology of Ras-
Mohammed was discussed by NAsr et al. (1996). EL-RAEY et
al. (1996) discussed the use of remote sensing and GIS tech-
niques to produce an oil spill contingency plan for Ras-Mo-
hammed.

Work related to environmental sensitivity of coastal areas
was discussed by several authors. Environmental sensitivity
index (ESI) mapping for oil spills using remote sensing and
GIS technology is carried out by JENSEN et al. (1990). The
ESI system of mapping oil sensitive coastal environments
and information on wildlife resources was developed to guide
spill-response coordinators in evaluating the probable haz-
ards associated with oil spills and to plan spill control oper-
ations effectively (GUNDLACH et al., 1981). KENCHINGTON
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Figure 1. Ras Mohammed study area. Elevation and bathymmetric contours are indicated.
and HUDSON (1984) determined the method of constructing METHODOLOGY
a coral reef management plan. The use of remote sensing for
coastal zone management was reviewed earlier (e.g. RAJA- The approach used in this study was based on the integra-
MANICKAM et al. 1990, and HENRIQUE, 1991). These results tion of information derived from digital image processing of
were useful for defining the approach to the present work. SPOT data, computer digitizing of relevant maps, informa-
Table 1. The Sensitivity criteria (1—least sensitive, 10—most sensitive), (based on KENCHINGTON and HUDSON, 1984).
Economic/
Sensitivity for Oil Cultural and Recreation Environmental
Criteria Pollution Social Value Value Scientific Value Consideration
Classes ) (1-10) (1-10) (1-10) (1-10) (1-10)
Sea cliff 1 3 2 3 2
Submerged coral reef 1 8 10 10 9
Sheltered sea cliff 2 3 2 3 2
Rocky and residual beach 3 2 2 2 2
Sheltered rocky and residual beach 4 2 2 2 2
Sabkha 5 2 3 5 3
Sandy beach 6 8 10 3 5
Sheltered sandy beach 7 8 10 3 5
Intertidal beach flat 8 6 7 8 8
Mangrove 9 8 7 8 10
Shallow coral reef community 10 8 10 10 10
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Table 2. Weighting factors (1), (2) and (3) of sensitivity and total relative response (based on KENCHINGTON and Hupnson, 1984).

Sensitivity Cultural Economic/ Other
for Oil and Social Recreation Scientific Environmental

Criteria Pollution Value Value Value Considerations

Classes Weight (3) Weight (1) Weight (1) Weight (2) Weight (3) Total Response
Sea cliff 3 3 2 6 6 20 (3.5%)
Submerged coral reef 3 8 10 20 27 68 (11.7%)
Sheltered sea cliff 6 3 2 6 6 23 (4.0%)
Rocky and residual beach 9 2 2 4 6 23 (4.0%)
Sheltered rocky and residual beach 12 2 2 4 6 26 (4.5%)
Sabkha 15 2 3 10 9 39 (6.7%)
Sandy beach 18 8 10 6 15 57 (9.8%)
Sheltered sandy beach 21 8 10 6 15 60 (10.3%)
Intertidal beach flat 24 6 7 16 24 77 (13.3%)
Mangrove 27 8 7 16 30 88 (15.2%)
Shallow coral reef community 30 8 10 20 30 98 (16.9%)

tion derived from air photos interpretation and supporting
field investigations. Digital image processing and GIS anal-
ysis were carried out using IDRISI low cost software.

The available digital data for this study is SPOT-1
HRV1-XS digital scene acquired on 8 October 1986. SPOT
digital tapes were processed to level 1-B (SPOT image, 1988).
The following maps were available for this study: topographic
maps of Sinai 1: 50,000 (sheet numbers NG 36 06 ¢ and NG
36 06 d, EGYPTIAN MILITARY SURVEY, 1987) and Geomor-
phological map of Ras-Mohammed (NASR et al, 1996), de-
rived from aerial photos and field survey. Other valuable
data were collected from documented papers and books, in
addition to personal communication with specialists and local
inhabitants.

Image processing techniques were used to produce the lan-
duse/landcover map of the study area. The combination of
supervised and unsupervised classification (hybrid) was used
to take advantage of the characteristics of each. Functions of
GIS techniques, such as vectorization, rasterization and over-
laying, were used in connection with the digital image pro-
cessing techniques.

Table 3. Summary of the results of the hybrid classified image.

Classes Area Cover-

no. Class Identification km? age %

1 Coralline limestone (massive & fragments) 84.48 18.12

2 Aeolian calcareous sand heaps 8.05 1.73

3 Acidic igneous and calcareous sand 32.12 6.89

4 Water 213.02  45.70

5 Arkose and sandstone 25.31 5.43

6 Living coral reef 17.84 3.83

7 Ferrogenous sandstone, shale, limestone, 15.62 3.35
gypsum and conglomerate

8 Fossiliferous coral reef 20.42 4.38

9 Wet sabkha 8.54 1.83

10 Acidic basement 8.59 1.84

11 Seagrasses low density 8.45 1.81

12 Seagrasses high density 7.46 1.60

13 Shallow bottom sediments 5.49 1.18

14 Intertidal beach flat 4.53 0.97

15 Evaporites with algal sediments 6.18 1.33

Total 466.15  99.99

(1) Environmental Sensitivity Analysis

The following procedures were used to determine the en-
vironmental sensitivity of the area:

The shoreline of the topographic base map of south Sinai
was digitized and stored in a separate file. The classified im-
age, the geomorphological raster map and the matched
groundtruth, were used to produce the vector files of the land-
use/landcover map. The digitization process was carried out,
for every land-use/land cover class, from screen. All vectors
were then converted into raster format. All raster layers were
then overlaid to produce the landuse/landcover map.

(2) Shoreline Sensitivity Criteria

The following criteria were adopted to determine the de-
gree of shoreline sensitivity for the oil pollution based on in-
formation derived from SPOT data, aerial photographs, field
survey and literature.

(a) Nature of Shoreline and Grain Size

The shoreline sediments of Ras Mohammed were classified
into three classes, solid and rocky, fine sediment, and coarse
sediment shorelines. In view of the difficulties and expenses
encountered in cleaning oil spills, these shorelines are con-
sidered low, moderate and highly sensitive, respectively.

(b) Slope

Steep rocky shorelines are less sensitive than gentle slope
shorelines. The slope of Ras Mohammed shorelines are divid-
ed into three types, sea cliff (steep slope), gentle slope (nearly
horizontal), and medium slope (in-between).

(c) Open and Sheltered Shoreline

Sheltered shorelines are more sensitive than open ones, be-
cause of the long duration of possible impact of oil spills. Shel-
tered shorelines are identified from SPOT satellite (1986),
aerial photos and field observations, as those of bays, tidal
(mangrove) channels and embayments.
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Figure 2. Hybrid classified Image (Maximum Likelihood classification {MLC}) of Ras Mohammed.
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Table 4. Contingency table of the classification accuracy.
Percentage

Correct

Classes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total %
1 3,733 431 0 2,973 0 0 0 11 0 0 0 0 0 0 13 7,161 52.13
2 1 111 0 0 0 0 0 0 0 0 0 0 0 0 0 112 99.11
3 3 0 1,873 0 23 0 0 7 0 0 0 0 0 0 0 1,906 98.27
4 0 0 0 4,648 0 89 0 0 0 0 1 0 0 0 0 4,738 98.00
5 0 0 5 0 1,019 0 0 0 0 0 0 0 0 0 0 1,024 99.51
6 0 0 0 0 0 2,066 0 0 0 2 35 2 3 0 0 2,108 98.01
7 0 0 0 0 7 0 591 0 2 0 0 0 0 0 0 600 98.50
8 1 0 2 0 0 0 0 15 0 0 0 0 0 0 0 718 99.58
9 0 0 0 0 0 0 0 0 299 1 0 0 0 0 0 300 99.67
10 0 0 0 0 0 0 0 0 4 262 0 0 0 0 0 266 98.50
11 0 0 0 0 0 1 0 0 0 0 293 0 2 0 0 296 98.99
12 0 0 0 0 0 0 0 0 0 0 3 567 3 12 0 585 96.92

13 0 0 0 0 0 0 0 0 0 0 0 0 456 0 0 456 100
14 0 0 0 0 0 0 0 0 0 0 0 1 0 844 0 845 99.98
15 0 0 2 0 0 0 0 0 0 0 0 0 0 0 289 291 99.31
Average 95.77

(d) Cleaning and Reclamation

The shoreline becomes less sensitive, by increasing the pos-
sibilities and capabilities for cleaning and reclamation. For
example, the cleaning and reclamation of Sabkha is prohib-
iting, so it is highly sensitive.

Using those criteria, the sensitivity of a shoreline could be
determined. The classified image and geomorpholological ras-
ter map were used to produce vector files for every level of
shoreline sensitivity. A buffer zone from the shoreline was
created. Then, the limit of every level of sensitivity was dig-
itized from the screen. Each vector file was then converted to
a raster format. Finally, the shoreline sensitivity map was
produced by overlaying the various shoreline sensitivity lay-
ers.

(3) Foreshore Sensitivity Criteria

To determine the level of sensitivity of the foreshore hab-
itats and natural resources for oil pollution, the following cri-
teria were used:

(a) Duration and Speed of Damage

The foreshore sensitivity becomes higher at longer duration

and faster speed of damage.

(b) Possibility of Reclamation, Restoration and
Preservation of Habitats and Natural Resources

The sensitivity increases by decreasing this possibility.

(c) Rate of Growth of Species of the Community

The sensitivity of habitat and natural resources decreases
by increasing the rate of growth of species.

(d) Dependence of Species on the Exposed Natural
Resources

For example, the shallow coral reef is highly sensitive to
oil spills because other members of the community are de-
pendent on it.

Taking this into account, we used the satellite classified
image and the geomorphological raster map to create the
foreshore sensitivity map. By using on-screen digitizing, the
vector file of submerged coral reef, intertidal beach flats,
sheltered mangroves and the shallow coral reef communities
were created. Subsequently, the foreshore sensitivity map
was created as in the case of the shoreline sensitivity map.
According to the sensitivity index of the shoreline, (of scale
1-10), the foreshore sensitivity of the inter tidal beach flats,
sheltered mangroves and the shallow coral reef community
ranged from 8 to 10 respectively, whereas the sensitivity of
submerged coral reef equals one. The natural resources map
was created by using vector files of the shoreline and fore-
shore which have a sensitivity rating of more than five. These
vectors were converted to a raster format, and overlaid to
obtain the critical natural resources and habitats map.

On the basis of information drawn from KENCHINGTON
and HUDSON (1984), a sensitivity criteria table for various
sensitive classes was established in this study (Table 1). To
produce the protection priority map for the oil spill, we as-
signed weighting factors for sensitivity criteria (Table 2), and
produced a rating for each class. Protection priorities, accord-
ing to the sum of ratings, were then classified and grouped
into three levels. The highest level for classes having a sen-
sitivity of more than 70%, the medium level for classes have
sensitivity range from 35% to 70%, and the lowest level are
those of sensitivity less than 35%. Vector files for classes of
every priority level were collected in one file and converted
into raster format as one layer. Then a protection priority
map was constructed by overlaying protection priority layers.

To produce access and protection map, the road network
inside Ras Mohammed National Park was digitized from the
topographic base map, and converted into raster format. The
protection priority map and the road network were then used
to determine potential sites of oil spill response centers.
These have been used in the contingency planning in re-
sponse to potential oil spills for Ras Mohammed (EL-RAEY et
al., 1996).
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Figure 3. Landuse/Landcover map of Ras Mohammed area.

The potential sites map was stored in a vector file, and
then converted into a raster format. The overlay of road net-
work and potential response centers were used to produce an
access and protection map. Finally, the environmental sen-
sitivity index map was produced by overlaying the shoreline
sensitivity map, foreshore sensitivity map and access and
protection map.

RESULTS, INTERPRETATION AND DISCUSSION

Classes, areas and percentage coverage of each class, ob-
tained from analysis of satellite image are listed in Table (3).
A zoning sequence of sand, sea grass and living coral reef
were found to be predominant through Ras-Mohammed fore-

Red Sea Q

Ras-Mohammed

shore habitats. It was also found that most classes from the
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l ) Legend:
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Figure 4. Shoreline sensitivity map of Ras Mohammed area.
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Figure 5. Foreshoreline sensitivity map of Ras Mohammed.

upland sector are mixed classes of calcareous sand, coralline
limestone and acidic igneous sand. Several spectral signa-
tures from upland classes, were found to be close to each oth-
er, in the feature space. These were particularly separated
from field visits and spectral signatures. Figure(2) shows the
classified image of Ras Mohammed.

To measure the overall accuracy of the classified image
based on ground truth comparison, a contingency table (Table
4, was produced. The overall accuracy achieved is found to be
equal to 95.8%. The accuracy of class-1, which represents the

water body is the lowest one. This is because of the differ-
ences in water quality and depths.

The landuse/landcover map (Figure 3) shows that most hu-
man activities are concentrated at the southern tip of Ras
Mohammed peninsula. Hotels, offices and shopping centers
are located at the north eastern margin, outside Ras Moham-
med National Park.

The shoreline sensitivity map (Figure 4) rated the sensitiv-
ity into seven levels or classes, the lowest is the sea cliff and
the highest is sheltered sandy beaches. They are arranged
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Figure 6. Critical natural resources map of Ras Mohammed based on sensitivity citeria.
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Figure 7. Protection Priority map of Ras Mohammed area.

from the lowest to the highest as follows: sea cliff; sheltered
sea cliff; rocky beaches; sheltered rocky beaches; sabkha;
sandy beaches; and sheltered sandy beaches. The sensitivity
of foreshore habitats and natural resources (Figure 5) are ar-
ranged from lowest to highest as follows: submerged coral
reef; inter tidal beach flat; sheltered mangrove; and shallow
coral reef community.

The critical natural resources map (Figure 6) shows that,
various types of sandy beaches, intertidal beach flat, man-
grove trees and shallow coral reef community are the most
critical natural resources in the study area. Environmental
protection of these natural resources and habitats from po-
tential oil spills, is a must.

The protection priority for the natural resources and hab-
itats is documented in (Figure 7). The determination of op-
timum sites for oil spills response centers and tools were se-
lected by the aid of the protection priority map and the pre-
dominant oceanographic parameters. It is noticed that, the
southern tip of Ras Mohammed, in addition to the western
shallow coral reef community and intertidal beach flat, have
highest priority for protection.

Finally, the environmental sensitivity index map (Figure
8) includes the sensitivity of shoreline and foreshore natural
resources and habitats, the road network and the sites of the
oil spills response centers. Environmental sensitivity index
maps are known to be used extensively to allocate most im-

Legend:
Access and Protection
@ Main Storage Station

(Equipment and Tools)

@© Land Storage Station
Delta Skimmer
* Komara Skimmer

.3 Ocean Guardian Boom

A\ Temporary Storage Station
(Oil Waste)

@ Clean-up Prohibited
Safety Dispersant Sites

Communication Centre

3 Shorguardian Boom

Aan Storage Site(Oil Waste)

Geomorphic Types &  Sensitivity Orders
R s Clitf

I 2-Sheltered Sea Cliff

- 3-Rocky Beaches

I : Sheltered Rocky Beaches

I 5-sabkha

I 6 Sand Beaches

[ 7-Sheltered Sand Beaches

I 3- Intertidal Beach Flat

I Y- Sheliered Mangrove
I 10- Shallow Coral Reef
Environmental Conditions

/ Prevailing Wind
/ Wave Direction

5 0 S5Km

Figure 8. Environmental sensitivity index map of Ras Mohammed area.
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portant natural resources and habitats during oil spills and
the relevant response. This index map would help decision
makers to protect the important, rich, and sensitive coastal
zone environment of Ras Mohammed.

CONCLUSIONS

Ras Mohammed coastal area is a sensitive coastal environ-
ment threatened by numerous anthropogenic activities which
may lead to serious environmental consequences. SPOT-xs
satellite images, supported by field surveys and GIS analysis
were found to be useful tools to analyze and evaluate envi-
ronmental sensitivity of such area. Landuse/landcover, shore-
line sensitivity, critical natural resources, protection priority,
access and protection and environmental sensitivity index
maps, were all produced and analyzed.
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