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Abstract

Tourism is one of the main contributors to the Egyptian economy. The Red Sea
coastal area represents one of the major tourist attractions. It has witnessed a
large increase in tourism developments. Uncontrolled tourism developments,
with their associated construction activities, have led to deterioration in the
ecological resource base of the region. The paper investigates the construction
activities and associated stressors that could result in deterioration of the
valuable ecological components existing along the Egyptian Red Sea coast.
Fulfilling that aim required estimating the ecological risks associated with the
construction of an already established development, and tracking backward the
stressors that were responsible for high-risk levels. An Environmental Risk
Assessment (ERA) Model was used. It estimates the risk of causing
environmental harm to existing ecological receptors, while considering the
cumulative effect of different stressors and impacts resulting from various
construction activities. As a result, changes in the master plan, construction
methods and/or mitigation measures were suggested to decrease the magnitude
of these stressors and minimize the ultimate impacts and final risk over existing
significant ecological receptors.

Keywords: tourism coastal development, construction activities, environmental
risk assessment, ecological risks, ElI-Gouna tourism center, Red Sea, Egypt.
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1 Introduction

Tourism is one of the main contributors to the economy of Egypt. It is among the
three main sources of foreign exchange after oil and Suez Canal [1]. It
contributes about 11.2 % of the Gross Domestic Product (GDP) [2]. In 2002, the
number of tourist nights they bought was 2.3 million [3]. It is expected that the
number of tourists in Egypt would reach 14 Million by year 2017 [3]. The Red
Sea is planned to accommodate about 14 % of the tourist nights coming to Egypt
in 2017 [4]. Besides its sunny climate, sandy beaches and tranquil sea, the Red
Sea area is characterized by unique marine and terrestrial environment. The area
contains more than 1,500 km of coral reefs and associated ecosystems such as
Mangroves [5]. The marine ecosystem is home to over 300 species of coral, 500
species of aquatic plants and numerous fish and marine animals [6]. In addition,
the magnificent valleys of the coastal Wadis support the highest diversity of
terrestrial plants in Egypt [5].

The Egyptian Government has been encouraging investment in tourism
development in the Red Sea area. Uncontrolled tourism developments have led
to deterioration in the resource base of part of the Red Sea. The northern part of
the Red Sea, for example, has witnessed a great deal of development that was
responsible for the deterioration of some unique natural resources [7—13].
El-Gouna region, located north of Hurghada, has witnessed a great deterioration
in the existing Sabkha, Sea grasses and Mangroves due to their direct removal
[14]. It became apparent that unless there are management tools to regulate the
relationship between development and natural conservation, the natural resources
would deteriorate placing economic growth at jeopardy.

Construction along the Egyptian Red Sea coast could be very damaging due
to the presence of highly sensitive ecosystems that could be easily affected by
direct impacts, such as dredging in the reef flat, as well as indirect impacts, such
as sediments transport to nearby corals.

2 Aim and methodology

This paper aims at investigating construction activities and associated stressors
that could result in deteriorating the valuable ecological components existing
along the Egyptian Red Sea coast.

This entailed: 1) Selecting an already established development; 2) Utilizing
an ERA model to estimate the ecological risks associated with its construction;
3) Comparing the model results with previous research work that identified the
adverse ecological changes associated with its construction; and, 4) Tracking
backward stressors, and thus construction activities that were responsible for
high-risk levels.

The ERA model, proposed by El-Sherbiny, Sherif and Hassan [15], was
utilized to estimate the risk over each receptor from various impacts. After
comparing the model results with previous research that considered adverse
impacts associated with the construction of the case study project, a backward
tracking analysis was performed for the impacts responsible for high-risk levels.
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Thus, different alternatives regarding proposed master plan, mitigation measures
and/or construction methods were analyzed and the risk was reevaluated
according to the new conditions.

3 Description of the ERA model

An ERA model is utilized to estimate the risk of causing an environmental harm
to the ecological receptors existing along the Red Sea coast as a result of
proposed developments. It describes the various links between construction
activities and the ecological receptors existing along the Red Sea coast (Fig. 1).
In addition, it depicts and tracks secondary order impacts, which represent
possible deterioration to the ecological receptors, and its relation to lower-order
impacts and related stressors.

As presented by El-Sherbiny et al. [15], the ERA model incorporates four
parts: area investigation, project analysis, risk characterization and risk
evaluation. Area investigation is concerned with identifying the ecological
receptors that exist within the study area, as well as evaluating their status
significance and sensitivity. Project analysis involves specifying the project
components and activities conducted during the construction phase as well as
identifying the volume of work of each activity to evaluate the stressors
magnitude. As for the risk characterization, it entails identifying the probability
of stressors’ transport through different pathways, impacts’ duration (short term
versus long term) and any direct removal that could be encountered during
construction for existing ecological receptors. Finally, the risk estimation
involves integrating the outputs of the previous three parts.

4 Description of the case study project

A case study was selected for this purpose. EI-Gouna tourism center was
selected based on its size, and accomplishment level, as well as the availability
of data on construction activities and environmental conditions before and after
development.

El-Gouna is located in the northern part of the red sea coast, 20 km north of
Hurghada. It lies on the northern part of the alluvial fan of Wadi Abou Shaar and
Wadi Umm Diheis, and the southern part of the alluvial fan Wadi Bali [14]. It is
concentrated along the coastal strip with a length of about 10 km. It is built
through in-land dredging to create a number of man-made islands that are
separated by a number of artificial lagoons and channels, and connected by a
complex system of roads and bridges. It includes 14 hotels, real estate villas and
apartments, complete infrastructure and extensive support facilities and services,
such as marinas, restaurants and cafes, sports and health clubs, nursery and
school, hospital and pharmacy, aquarium, museum, airport, etc. (Fig. 2). Most of
El-Gouna tourism center has been developed completely. However, according to
El Gamily [14], modifications are continuously in process.

Prior to the area development, the existing location of El-Gouna resort was
characterized by the presence of significant natural resources and unique habitat.
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The coastal plain of El-Gouna region consisted of Sabkha, Mangrove
Stands, Seagrass beds, reef and Corals [14]. The area was dominant with Sabkha
deposits that used to cover about 6.3 km2. In addition, there was a Reef
flatparallel to the coastline. Sea grass beds were also found along the coastline
and next to the offshore reef. Coral communities only existed in the northern and
southern part of El Gouna, and along the edge of the offshore reef. Mangrove
stands were also scattered along the coastline.

Figure 2: El-Gouna Master plan (Tourism development Authority).

Previous research studies have been performed to assess the adverse impacts
of El-Gouna development on existing ecological receptors. El Gamily [14]
indicated that Sabkha is the most deteriorated ecological receptor. He estimated
that 51% of the existing Sabkha was directly removed and substituted by other
soil, 45% changed to man-made canals, 2.03% changed to various anthropogenic
activities such as buildings and 1.26% deteriorated from construction related
activities. The study also indicated that Mangrove stands followed by Sea grass
beds are impacted mostly by the direct disturbance associated with the direct
removal and changes in the geomorphology of coastline.

In another research [9], it was clear that the land-cover along the coastline
was completely substituted with man-made canals and buildings. He indicated
that the deterioration of corals is limited to the southern part of the development
where two small marinas are located. He also added that the reef flat was
distressed from the excavation and construction of near shore pathways.

5 Risk evaluation

Fig. 3 presents the maximum risk over each receptor. Sabkha is subjected to the
highest risk level (1.00). It is then, followed by Mangrove stands (0.70), and sea
grass beds (0.50). As for the corals and reef, they are exposed to risk levels
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below the mean (0.35 and 0.1, respectively). This output is consistent with the
results of previous research work [9, 14] through which adverse changes
associated with El-Gouna development were identified. Running the ERA model
on El Gouna tourism center yielded the expected risks over each ecological
receptor from related impacts (table 1).

1.001 @ Reef

0.90

0801 @ Sabkha

0.70

0.601 @ Mangrove stands

0.50+

0.407 os bed

0.301 eagrass beds

0.207

0101 @ Corals

0.00-

Figure 3: Maximum risk over each receptor.
Table 1: Individual risk, risk from related impacts.
Ecological Receptors
Impacts 2l &£ o 3 ? - E
$12 |22 295 ||
2l 4 Sl »d 2 o m

Water turbidity X X X 0.13 10.12 ] 0.18 | x
Change in water chemistry X X 0.00 | 0.00 | 0.00 | 0.00 | x
Change in water hydrodynamics x | 0.35 ] 0.50 X 0.09 | 035 | x
Direct deposition of:
- Solid wastes x | 0.00 | 0.00 | 0.06 | 0.00 | 0.04 | x
- Dust and particulates X X X 0.18 X 0.18 | x
Direct disturbance by:
- Change in the site topography x | 1.00 X X X X X
- Change in coastline Geomorphology | x | 1.00 | 0.70 X X X X
- Direct removal of the ecological | x | 1.00 | 0.50 | 0.50 | 0.18 | 0.00 | x
receptor

(x) No relation

According to table 1, Sabkha is exposed to three sources of high risk
attributed to direct/intentional disturbance: direct removal (1.00), changes in
coastline geomorphology (1.00) and changes in site topography (1.00).
Mangrove stands are also exposed to a high-risk level from three sources. The
first source is the direct/intentional disturbance by changes in the
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geomorphology of coastline (0.7) and the direct removal (0.5). The other source
is the changes in water hydrodynamics (0.5). As for the Sea grass beds, the
highest risk emerges from the direct removal (0.50). However, the dust
deposition and water turbidity posses risk levels of 0.18 and 0.13 respectively.
For the Corals, the highest risk sources include the changes in water
hydrodynamics (0.35), dust deposition (0.18) and water turbidity (0.18). As for
the reef, it is exposed to a risk level of 0.18 due to its direct removal.

5.1 Backward tracking

According to the presented results, impacts that endanger the existing
ecological receptors include:

1. Direct/intentional disturbance through direct removal

2. Changes in the geomorphology of the coastline

3. Changes in the site topography

4. Changes in water hydrodynamics

5. Dust deposition and water turbidity.

Tracking each impact backward through the network diagrams presented in
Fig. 1 provided related stressors responsible for the high-risk levels (table 2).
There are four stressors, generated from almost all the development related
activities, responsible for the identified impacts. These stressors include the
direct removal of the specified receptors; changes in the geomorphology of the
coastline, dust and particulates generated and air emissions as well as changes in
the seabed topography.

Table 2: Receptors at risk and related impacts/stressors.
ERf:g:z(;)gtloc:sl Impacts Stressors
Sabkha - Direct/intentional Direct removal
disturbance Changes in coastline geomorphology
Change in the site topography
Sea grass | - Direct/intentional Direct removal
beds disturbance Dust & particulates
- Dust deposition Air emissions
Dust & particulates
- Water turbidity Water suspended sediments
Mangrove - Direct/intentional Changes in coastline geomorphology
stands disturbance Direct removal
- Changes in water Change in the Sea bed topography
hydrodynamics
Corals - Changes in water Change in the Sea bed topography
hydrodynamics Dust & particulates
- Dust deposition Air emissions
Dust & particulates
- Water turbidity Water suspended sediments
Reef - Direct/intentional Direct removal
disturbance
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5.2 Alternative construction activities and mitigation measures

After identifying ecological receptors at risk, and tracking backward responsible
stressors and activities, required changes in the master plan, construction
methods and/or the mitigation measures could be identified. Thus, the input data
could be modified, and the risk could be estimated according to the new
conditions, if the model was to be applied before the construction phase.

Since Sabkha, Mangrove and Seagrass beds are subjected to the highest risk
levels, they were considered the receptors at risk. Some of the mitigation
measures that could help in decreasing High-risk levels could include [16]:
Avoiding disturbing high quality areas; using siltation control: silt curtains,
settling ponds and/or appropriate dredging techniques; productive use of dredge
spoils; proper disposal of contaminated spoil; working with natural topography
as mush as possible; timing of construction to avoid migratory and spawning
seasons; applying grading controls and require rapid re-landscaping of disturbed
areas; fencing the construction site to contain litter and secure construction
materials; daily pick up and proper disposal of construction wastes; applying
emission limits; and control use of dangerous and hazardous material.

Within that respect, the ERA model was employed over four hypothetical
consecutive cases to reevaluate the risk associated with each case. Consequently,
the most suitable alternatives could be selected as early as possible before
commencement of construction activities. Fig. 4 presents the obtained risk levels
in each case in comparison to that of the original one.

1.00 -
0.90 -
0.80 -
0.70 4 @ Sabkha
~ 0.60 -
® 0.50 4 0 Mangrove
12 0.40 1 stands
0.30 - B Sea grass
0.20 4 beds
0.10 -
0.00 -

Original Case1 Case2 case3 cased
case

Figure 4: Comparison between the results of the effects of the mitigation
measures and that of the original case.

In the first case, it is assumed that there is no direct removal, while keeping
the magnitudes of other stressors in their original values. Eliminating the direct
removal practices effectively reduced the risk over Sea grass beds. However,
other receptors were still under stress. This consequential effect was expected.
As mentioned earlier in the results analysis section, the maximum risk over the
sea grass is associated mainly with the direct removal. However, other receptors,
Sabkha and Mangrove stands, are subjected to other sources that posse high risk
levels.
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In the second case, it is assumed that the mitigation measures were revised
so that the magnitudes of concerned stressors regarding related activities were
taken to be either mild or negligible (i.e. stressors having negligible magnitude
were kept the same, while others with severe, high or mild were considered to
have mild magnitude). Suggested mitigation measures were not enough to
decrease the risk levels. Sabkha and Mangrove stands are still under stress
mainly from the direct disturbance. Sabkha suffers from the performed changes
in coastline geomorphology and site topography. Mangroves are under stress
from the changes in the coastline geomorphology and the changes in water
hydrodynamics.

In the third case, it is assumed that direct/intentional disturbance due to
changes in the coastline geomorphology and the site topography were
eliminated, while keeping the status reached from the previous case. As shown in
Fig. 4, this action has significantly decreased the risk over Sabkha and
Mangroves.

In the fourth case, instead of eliminating the direct disturbance, it is assumed
that the mitigation measures were revised so that all concerned stressors, shown
in table 4, have negligible magnitudes. Such modifications also effectively
decreased the risk levels.

6 Conclusion

As coastal zones are considered distinctive areas with sensitive ecosystems, rapid
and unregulated development can lead to a great deterioration in coastal and
marine environment. Adverse changes in the land-use/land-cover have been
already witnessed along the coastline of developed zones. Investigating the
ecological deterioration in El-Gouna region showed that Sabkha is the most
deteriorated receptor, followed by Mangrove stands, Sea grass beds and finally
the corals and reef flat.

Impacts that endanger existing ecological receptors included
direct/intentional disturbance, changes in water hydrodynamics, dust deposition
and water turbidity. Four stressors were found to be responsible for the generated
impacts; they are direct removal of the specified receptors, changes in the
geomorphology of the coastline, dust and particulates generated and air
emissions as well as changes in the sea bed topography. Finally, activities
generating previously identified stressors and related impacts were specified
through backward tracking to include most of the construction related activities.
Accordingly, different alternatives regarding the master plan, construction
methods and/or the mitigation measures were examined, such that appropriate
changes and precautions would be applied to significantly decrease the risk over
existing ecological receptors.
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