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Executive Summary

Background
The World Bank is directing and financing a Regional Study on Adaptation to Climate Change and
Natural Disasters in the Coastal Cities of North Africa (Alexandria in Egypt, Tunis in Tunisia and
Casablanca in Morocco and on the Bouregreg Valley between Rabat and Sale in Morocco). The
Alexandria part of the study is being carried out by the Arab Academy of Science, Technology and
Maritime Transportation (Arab Academy) and the international consulting consortium led by Egis
BCEOM of France. Arab Academy is generously contributing its expertise and resources in a
partnership agreement with the World Bank. This first volume of the study constitutes the Phase 1
report, covering risk assessment in the current situation and in 2030.
With a population of about 4 million and an area of over 230,000 ha, Alexandria is Egypt’s second
largest city and its largest seaport. The city is built on a narrow and partially elevated coastal ridge
facing the sea and is exposed to marine submersion, coastal erosion, earthquake, flooding and water
scarcity risks. Informal areas, which house one third of Alexandria’s total population, deteriorating
buildings and infrastructure in old and dense part of the city; and fast urbanization of surrounding
areas over reclaimed wetlands and other low-lying areas make the city particularly vulnerable to these
risks.
Compared to the current situation, disaster and climate change risks are expected to worsen by 2030
due to climate change, and continuing urban expansion in new sites exposed to natural hazards. The
city may face higher marine submersion, coastal erosion and water scarcity risks, along with an
increase in seismic, land subsidence, and flooding risks. Additionally, climate changes may negatively
affect public health. It is estimated that natural disasters and climate change impacts would cost the
1
city of Alexandria approximately $1.72 billion (in Net Present Value) during 2010 to 2030 period .
Climate Change related impacts are estimated to be around 18% of the total estimated cost.
While natural risks are growing, the institutional capacity in Alexandria to manage these risks and
prepare communities for potential future disasters and climate change impacts is limited. The current
organizational set-up of the emergency response systems remain highly centralized with limited
coordination between agencies horizontally, and vertically down to the level of communities. The
analysis undertaken as a part of this study shows the need for greater financial and decision making
authority at the local level, as well as for better inter-agency coordination to ensure local ownership
and effective implementation.

1

Initial approximation based on the impacts of water scarcity, earthquake damage scenarios, and
climate change related impacts on public health.
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Study Area
With a population of about 4 million and an area of over 230,000 ha, Alexandria is Egypt’s second
largest city and its largest seaport. It is located along the coast of the Mediterranean Sea in the north
central part of the country and has a semi-arid Mediterranean climate characterized by mild, variably
rainy winters and hot, dry summers. The city is built on a narrow and partially elevated coastal ridge
facing the sea and has historically expanded in a linear fashion with very high densities along its
water-front.
Greater Alexandria currently spans over 230,000 ha with its 2006 population estimated at 4.3 million
by the national census. The current boundaries of the urban agglomeration of Alexandria consist of
seven districts, Al-Montazah, Shark (East), Wasat (Middle), Gharb (West), Al-Gomrok, Al-Agamy and
Al Amreya, along with the Borg Al Arab city and three villages. Evolving from a small settlement built
by Alexander the Great in the year 331BC, the urban agglomeration has historically expanded in a
linear fashion, and currently reaches from the coastal village of Abu Quir in the North-East to the
village of El-Deir in the South-West. The city, which shows very high densities along its water-front, is
built on a narrow and partially elevated coastal ridge facing the sea, behind which the lakes, low-lying
rural areas, and wetlands are located..
The review of the geological and topographical context shows that Alexandria is built on a coastal
plain. The area is characterized by irregular hills in the southern parts with an elevation from 0 to 40
meters above mean sea level and slopes towards the Mediterranean Sea northward. Areas below
Mean Sea Level (MSL) are Abu Quir natural depression (former lagoon), Maryut lagoon south of
Alexandria, and aquaculture ponds bordering the southern margins of the coastal lagoon. Large parts
of the beach and coastal flats expand between zero and two meters above MSL. Areas above three
and four meter lie within the coastal dunes at the backshore of Abu Quir bay and the southern part of
the lower delta plain, about 35 km from the shoreline. In the framework of the present study, a digital
elevation model (DEM) has been generated, using all available topographical data. Its precision is
however insufficient to enable accurate erosion, flooding or submersion simulations.
Alexandria has a semi-arid Mediterranean subtropical climate characterized by mild, variably rainy
winters and hot, dry summers. January and February are the coolest months with daily maximum
temperatures typically ranging from 12°C to 18°C. J uly, and August are the hottest months of the year
with an average daily maximum temperature of 30°C. Alexandria experiences violent storms, rains
(up to 100 mm/day), and sometimes hail during the cooler months. Meteorological data collected over
the last 30 years show trends of increasing frequency of heat waves and precipitations, and
decreasing frequency of cold waves. For the purpose of this study, the study area is defined by the
perimeter of the available master plans of the Greater Alexandria.
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A city threatened by various natural risks
2

Evaluation of natural hazards in the present situation highlights that Alexandria is at a ‘medium’ risk
of marine submersion and coastal erosion, and acomparatively lower risk of earthquake, tsunami,
flooding, and water scarcity. The city of Alexandria faces following hazard risk in the current situation :

Land Subsidence
3

Based on the study of radar satellite images , Alexandria city is affected by terrain deformation such
4
as subsidence and uplift. Land motion mapping over the entire city of Alexandria, which was
supported by the European Space Agency (ESA), found that:
•

Between 5 to 9% of the measured points correspond to negative movement or land
subsidence. The natural (i.e. not tectonic) rate of subsidence is estimated to range from 0.04
cm/ year (based on ERS satellite images from 1992 to 2000) to 0.9 cm /year (based on
ENVISAT images from 2003 to 2009). A rate of 0.6 cm/year was estimated based on ALOS
images from 2007 to 2009.

•

Less than 1.2% of the measured points show positive movements or uplift.

•

The most affected areas within the Alexandria city are along the northern border of Lake
Maryut, and in the southern part of the city between Gharb district and Abu Quir.

In the absence of in-depth ground based observations, the most probable explanation concerning the
land subsidence in the study area remains the compressing of the recent deposits. Further studies will
be necessary for a better understanding of all the deformation phenomena affecting the city of
Alexandria and its surroundings.

Earthquake
Being close to two major fault zones in Egypt (Eastern-Mediterranean Cairo-Faiyoum and SuezCairo-Alexandria), Alexandria City has suffered significant damages due to earthquakes in the past.
The city was shaken by five earthquakes in the last century, the most recent one being in 1998.
Although details about the economical values of damages from past earthquakes are not known, it is

2

It is important to note that the risk level presented in the report are developed as a rough and simplified measure to facilitate
the comparison between the present situation and the 2030 situation, between the various hazards under consideration, and
between the studied sites (4 urban areas distributed in 3 countries). This rating exercise includes some subjectivity and cannot
reflect uncertainties regarding risk assessment. Therefore, it cannot be used (and/or correctly understood) outside the
framework and context of the present study.
3

Within the framework of this study, the European Space Agency (ESA) supported land motion mapping over the whole city of
Alexandria through the application of Interferometric Synthetic Aperture Radar (InSAR) technologies, using images from ALOS,
ERS and ENVISAT satellites. ALTAMIRA Company carried out the study in 2009 by reconstituting monthly historical ground
displacement for the urban and rural areas of Alexandria to measure and map the evolution of the actual urbanized coastline
during the last two decades.
4

Subsidence is the motion of a surface (usually, the Earth's surface) as it shifts downward relative to a datum such as sea-

level.
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estimated that old, non-reinforced masonry or adobe buildings, and structurally weak reinforced
concrete buildings suffered majority of damages.
Probabilistic assessment of earthquake risk shows that the Alexandria urban area faces a moderate
5
risk, corresponding to an intensity of around V-VI MSK for the 100-year return period and around VI
MSK for a 475-year return period. The resulting potential damage from this level of earthquake risk
can be very light to light (slight damage to a few poorly constructed buildings). However, given the
poor geotechnical quality of Alexandria's soils, an increased degree of intensity can be considered for
some of the urban areas, with “moderate” potential damage (serious damage to older buildings,
masonry collapse) for the least frequent events. Subsidence areas detected by satellite interferometry
can be considered as sensitive to such “site effect”.

Tsunami
Currently, the risk of damage by tsunami is considered to be low in Alexandria, as these events have
very long return periods in the city. Tsunami has a probability of 12% of occurrence in 100 years, 6%
in 50 years, and around 2.5 % in 20 years. The two known historic incidents of tsunamis in Alexandria
occurred in the years 365 and 1303 AD, with reported wave heights of 1m and 2.9m respectively.
Return period of a similar magnitude of tsunami event in Alexandria is estimated at 800 years.

Marine Submersion
The annually averaged variations of water level (tide-gauge records) measured at Alexandria Western
Harbor from 1944 to 2006 (60 years) and the data measured at Abu Quir Harbor (1992 through 2005;
14 years) shows that the mean sea level at Alexandria, and Abu Quir has risen 1.8 and 3.4,
mm/yr, respectively. Difference between the two measurements can be explained by local ground
subsidence or uplift.
The coastal area is also subject to submersion risk, most evident during stormy periods. Storm
surges in association with spring tides (high tides) raise water levels by 60cm above normal.
Occasionally, high tides occur in combination with storm surges, and sea level can produce wave setups of 1.6 m. Such storm surges can submerge the shoreline but low lying areas expanding around
Lake Maryut and South of Abu Quir are protected by natural ridges or sea walls.

Coastal Erosion
Based on the analysis carried out as a part of this study, the risk of coastal erosion hazard is
‘medium to high’ between the Dekhiela harbor and the Western port of Alexandria, as well as at the
El Montazah, El Maamoura and Abu Quir beaches due to the absence of coastal protection devices
along these beaches of low width and slope. Overall, the coastline of Alexandria can be divided into
three categories:
(i) Naturally vulnerable coastal areas or ‘seriously eroding areas’:

5

Based on the Medvedev-Sponheuer-Karnik (MSK) scale of seismic intensity
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•

Flat and low-lying coastal plain such as the western backshore zone of Abu Quir Bay and El
Tineh plain

•

Deltaic coastal plain areas affected by subsidence such as Abu Quir

•

Beaches of Alexandria, from Mandara to El Silcila, are experiencing chronic long-term
erosion of ~20 cm/yr because of ongoing natural coastal processes. More than 50 % of the
sandy beaches between El Montaza and El Silcila, 14.5 km long, have significantly
disappeared following seaward widening of the Corniche highway constructed between 1998
and 2002, creating “sediment starved” coastal cells.

(ii) Artificially protected coastal areas. These areas are at risk of any structural failure during a major
tsunami or coastal storm. Examples of such areas in Alexandria are:
•

Abu Quir seawall along the Nile delta coast: this old structure has an elevation of 1.4m above
mean water level and is 10 km in length. It was initially built in 1780 to protect the low-lying
land behind it from sea flooding, for agriculture purposes. Between 1983 and 2010, this wall
was reinforced many times. However, possibility of breach or break during a major tsunami
or coastal storm cannot be excluded.

•

Corniche Road and adjacent beaches:are artificially protected by structures (breakwaters,
groins, concrete or rock armor layers) that require periodic maintenance. These structures
are also at risk of failure in case of severe storm.

(iii) Remaining areas along the Alexandria coast can be considered safe or ‘naturally protected safe
areas. These inlcude:
•

The rocky carbonate ridges acting together to protect the low-lying areas south of the city and
west of Abu Quir land.

•

The coastal dune defense system fronting the backshore of Abu Quir Bay.

•

Shore parallel-accretion sandy ridges exist at some localities along the Nile delta coast
particularly the central part of Abu Quir Bay.

Flooding
Overall, Alexandria faces a low risk of floods due to heavy rains during winter storms (reaching 96
mm/ day for a 100 years event). Recently urbanized areas, which are below sea level such as those
between the hydrodrome and Abu Quir, at the edge of the former Abu Quir lagoon, in Sharq and AlMontaza districts, are susceptible to flooding.
Although the overflows at manholes or pumping stations during winter storms (squalls) are frequent,
no significant damage because of flooding has been reported. The urban drainage basins of the
Alexandria conglomeration do not show real hydrographical pattern with well-identified drainage
channels (wadis). Due to the arid climate, rainfalls are scarce and do not require specific hydraulic
facilities. In Alexandria, runoff water is therefore managed together with wastewater in a combined
sewage and drainage network. This network has been improved and upgraded during the last
decades, but its discharge capacity is low (equivalent to a 2-year flood event), so overflows at
manholes or pumping stations during winter storms (squalls) are frequent. These floods are of limited
extent and usually do not exceed a few hours. As a result, no significant damage because of flooding
of the urban areas of Alexandria has been reported, but traffic can be temporarily disturbed.
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Most of Alexandria’s drainage waters flow towards Lake Maryut, together with the wastewater,
through two treatment plants. The lake water level is kept between -2.8 to -2.6 m below sea level, in
order to facilitate the drainage of the surrounding agricultural areas. The Lake Maryut pumping station
discharges the excess water into the sea. Flood simulations carried out within the framework of the
present study show that even for a 100 years event, the lake level does not rise more than a few
decimeters, so the impact in terms of possible flooding of the lakeside urban areas does not seem
significant, considering pumping stations are operational.

Water Scarcity
The water resources of Alexandria are becoming scarce, however the current risk of water scarcity is
low as the current water supply meets current needs. The current water needs are estimated to be
3
3
3
between 4.5 million m / day (2.5 million m drinking water, 1 million m industrial water, and 1 million
3
3
3
m agricultural water) for the summer months and 3.80 million m /day (2.0 million m drinking water, 1
3
3
million m industrial water and 0.80 million m agricultural water) for the winter months. Water supply
3
from the Nile River through the Al- Mahmoudeya canal (5 million m / day discharge) covers the
current needs.
Surface-water resources originating from the Nile via the Al-Mahmoudeya Canal are now fully
exploited, while groundwater sources are being brought into full production. With only 31 Million
m3/year, compared to at least 1 825 M m3/year for the Al-Mahmoudeya Canal, groundwater
resources do not count much. Moreover, aquifers are partially salinized and unsuitable for human
consumption. Alexandria is facing increasing water needs, demanded by a rapidly growing population,
by increased urbanization, by higher standards of living and by the agricultural policy, which
emphasizes expanded production in order to feed the growing population. Moreover, almost half of
the Egyptian industrial activity is located in Alexandria, and this sector is the major contributor of water
consumption in the Alexandria urban area. In the last ten years, there has been a 50% rise in the
water demand.

Climate change is expected to worsen the natural risks by 2030
Compared to current situation, natural hazard risks are expected to increase by 2030 due to climate
change and urban growth, with high marine submersion and coastal erosion risk expected around El
Dekheila, Western harbors, and at Abu Quir areas. Risk of water scarcity is expected to be high in
future, as growing water demand would exceed the supply capacity by 2032, together with possible
hydrological changes and uncertain geopolitical context in the upstream part of the Nile basin.
Seismic risk may also increase with greater exposure and growing land subsidence effect. Risk of
flooding is also expected to increase due to increased exposure and climate change impacts.
Additionally, climate change may negatively affect public health, with a potential increase in diseases
such as diarrheic diseases and malaria.
Climatic projections to a horizon of 2030 were made as part of this study using dynamic
downscaling methods from the three ENSEMBLES European project models with IPCC scenario
A1B, and the Météo-France ARPEGE-Climate model with IPCC scenarios A1B, A2 and B1. These
modelling results estimate that the city of Alexandria will get warmer, on an annual scale, by
+1.2 C to +1.9°C . There is, however, a very wide margin of uncertainty associated with increased
heat waves. Changes in rainfall events are also accompanied by high levels of uncertainty (lack of

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 27
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

coherence between models or wide ranges of values). In this context, it has been decided to consider
results of the METOffice Hadley Centre model together with A1B scenario as a “worst case” scenario,
for which extreme precipitation increases respectively by 7% and 30% for the 10 and 100 year return
periods.
Based on a critical analysis of the IPCC's projections and the latest references in the literature on the
subject, a global rise in sea level of 20 cm by 2030 is assumed for this study. It should be pointed
out that this is a high projection, and that the trends in sea level rise currently measured on Alexandria
are much lower. High projections will help in simulating and planning for worse scenario that can
result from Climate Change.
Climate Change will affect natural hazards, except those of geological origin such as unstable
natural terrain and earthquake risks. Climate changes will also result in aggravation of climate
related diseases such as diarrheic diseases, and malaria. The following sections outline the effect on
natural hazards by 2030, taking into account the impact of climate change:

Coastal erosion and marine submersion
Coastal erosion and submersion risks are expected to be high by 2030 due to sea level rise and
urban expansion. The risk of coastal erosion is expected to be highest between El Dekheila and
the western harbors, and at Abu Quir. The storm surges may increase, with resulting damages to
sea walls and other shore-front structures. The coastal areas of Abu Quir are directly threatened by
marine submersion, and the low-lying areas of the former Abu Quir lagoon by possible breakage of
the old Mohammed Ali sea-wall, built in the 18th century. This situation requires preventing any new
settlements in this agricultural area.
In spite of numerous projects for coastal protection, a rise in sea level will reactivate or amplify the
process of coastal erosion, and therefore receding of the coastline. The sandy beaches still in their
natural state risk receding on average by 10 to 15 m by 2030. In the urbanised areas, which are
already protected by structures or protective works (widening of beach by massive replenishment with
sand, then periodic maintenance, installation of structures blocking the sand laterally), retreat will be
slower but nonetheless inexorable. In case of storms combined with high water levels, beach
head works in urbanised areas risk severe damage, as the width of the beach is not sufficient to
dampen the effects of the swell as too close to the high tide line. The sandy beaches remaining in
their natural state will be totally submerged and will recede significantly. However, they should be able
to partially reconstitute in periods of fine weather, and almost entirely when the beach head consists
of dunes.

Flooding
The conditions of flooding may worsen because of the combined effect of climate change (despite
uncertainties, more extreme rainfall events may be expected with additional 30% for the 100 years
event) and increasing urbanisation (non-absorbing soils). A ‘medium’ flooding risk (compared to low
risk in current situation) can be expected in areas below sea level, between the hydrodome and Abu
Quir, and at the edge of Abu Quir Lagoon in Sharq and Al-Montaza districts. Overflows of the present
sewerage network may become more frequent, leading to damages to ground floor of buildings due to
flooding.
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The combined effects of climate change and urban growth may double the water level rise in Lake
Maryut for a 100 years flood. Nevertheless, the situation should stay manageable with regard to the
present pumping capacity and water level regulations.

Water Scarcity
The risk of water scarcity is ‘high’ for 2030 scenario as the 50% increase in water needs observed
3
during the last 10 years is expected to continue. With a maximum supply capacity of 11 million m /
day, and taking into account the current consumption growth, the Al-Mahmoudeya Canal supply
capacity would be exceeded by 2032. Although climate change projections for the Nile River basin
are difficult to carry out, we can assume that the growing needs of all the countries of the catchment’s
area will significantly affect the resource availability.

Current and future urban sensitive components
Urban components within Alexandria city, which are most vulnerable or sensitive to the impacts of
climate change or future disasters, are (i) informal or slum areas, housing one third of Alexandria’s
total population; (ii) old and deteriorating buildings and infrastructure; (iii); new construction over
reclaimed wetlands and other low-lying areas, facing enhanced land subsidence and flooding risks
and, (iv) buildings and infrastructure facing the coastline, which are at risk of marine erosion and
submersion. Fast urbanization of surrounding areas will further increase the vulnerability of the city,
with the appearance of new urban patches on sites exposed to hazards and by expansion of informal
settlements in low lying areas exposed to flood and seismic risks.

The city of Alexandria, with over 230,000 ha area and a current population of about 4.3 million people
(in 2006) is witnessing fast population growth. Urban sensitive or vulnerable components within
Alexandria city are:
(i) Informal or slum areas: The informal or slum areas covers about 3.25% of the total area of
Alexandria but represent about 35.4% of Alexandria’s total population. These areas are mainly
located in the central city area (Al-Montaza and Sharq districts) and are characterized by high
population density, bad building conditions, absence or bad conditions of infrastructure, and high
percentage of people living below poverty line. Moreover, buildings within informal settlements are
mostly made of masonry, which is more vulnerable to seismic risk. Their location coincides with areas
of strong subsidence determined by interferometry analysis. Because of the bad geotechnical context,
these areas are also at high risk of earthquake. It is also likely that some of these areas are below sea
level (at the edge of the former Abu Quir lagoon), involving drainage and sanitation issues. (ii)
Deteriorating buildings and infrastructure in the central city: Dense, old and deteriorating buildings
and infrastructure from central city to the east as well as from the west at Al-Ameriya district to New
Borg Al-Arab city, are at seismic risk. Despite poor standards of construction, residential buildings are
mostly made with reinforced concrete, and can be considered – according to current seismic
classifications (see Section 2.1. in Chapter 6 – Economic Evaluation) – at moderate seismic risk.
However, the bad condition of some of these buildings, especially in the Gharb district constitutes an
aggravating factor.
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(iii) New construction in hazard prone areas: Reclaiming wetlands and other low-lying areas for
construction, put future population at risk of damages from potential earthquake, land subsidence or
flooding.
(iv) Buildings and infrastructure facing coastline: Urban components likely to be affected by the
coastal erosion and marine submersion risks are port facilities, coastal roads, and dwelling houses on
the coastline directly exposed to these risks. The sanitation system is highly sensitive to heavy rains,
and in case of overflow, streets and tunnels may be flooded.

According to future population estimations from the Governmental Organization for Physical Planning
(GOPP), Alexandria may reach a population of 6 million inhabitants in 2030, following a 40%
population growth. This major growth will translate itself in the urbanization of surrounding areas,
threatening critical natural resources, such as Lake Maryut , which currently play a critical role in the
management of drainage of water prior to their discharge into the sea. The strategic planning
documents developed by the Governorate of Alexandria show major direction of urban expansion
westwards, along both shores of Lake Maryut . However, given the recent trends, it is assumed that
urban sprawl will also continue south of the city, between Maryut Lake and Abu Quir.
In terms of vulnerabilities, the cumulative effect of these changes may be an increased exposure of
the poorer populations (precarious living conditions), the appearance of new urban patches (major
projects) on sites relatively exposed to climatic risks (Abu Quir depression, Maryut Lake, shoreline)
and by expansion of informal settlements in hazard prone areas. In particular, an urban expansion
South of Al-Montaza and Sharq district is likely to occur in low-lying areas exposed to flood and
seismic risks.

Cost of disaster risks and climate change impacts
Although full costing of potential economic impacts of climate change and disasters was not possible
for Alexandria due to the unavailability of precise Digital Elevation Model, some quantitative estimates
were possible for likely impacts on health, water resources, and earthquake risk. Based on initial
estimates, natural disasters and climate change impacts would cost the city of Alexandria
approximately $1.72 billion (in Net Present Value) during 2010 to 2030 period. Climate Change
related impacts are estimated to be around 18% of the total estimated cost.
The methodology for assessing economic impact of climate change and natural disaster risks strongly
relies on urban vulnerabilities projection for 2030 and a good characterisation of the hazards, based
on GIS outputs. Since reliable Digital Elevation Model and quantitative estimates on future urban
development scenarios were not available, a thorough economic assessment was not possible. .
Some quantitative estimates were possible for health impacts due to climate change and water
resources, since they do not directly rely on spatial data, as well as earthquake risk, which can be
considered homogenous in the area considered.
The total annual costs of disasters considered by the study, and for which cost estimation was
possible, taking into account climate change, is estimated at $1.72 billion or 10 billion Egyptian
Pounds for 2010 to 2030 period.
With respect to climate change related health issues (mostly diarrhoeal diseases, and malaria), the
total annual average costs are around 278 MLE, equivalent to about 0.30% of the city’s annual GDP.
The indirect costs are estimated at around three times the direct costs. It is important to note that the
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health costs due to climate change are based on a number of assumptions, and thus should be taken
as very rough estimate.

An institutional set-up in need of improvement
While natural risks are growing, the institutional capacity in Alexandria to manage these risks and
prepare community for potential future disasters and climate change impacts is limited. The current
organizational set-up remains highly centralized with limited coordination between agencies
horizontally, and vertically down to the level of communities. The analysis undertaken as a part of this
study shows not only the need for greater financial and decision making authority at the local level,
but also for inter-agency coordination to ensure local ownership and effective implementation.
Egypt is slowly moving from a reactive approach of managing disasters and climate change, which
relies primarily on emergency response, to a more pro-active approach of risk reduction and
preparedness.
Till now, the Egyptian government has focused on post-disaster relief and
rehabilitation activities, as evident in the rescue and relief efforts following past disasters. Less
attention to adopting prevention measures against major natural risks may be because of relatively
moderate impacts of past disasters in the country. However, recent disaster events, such as Cairo’s
Moqattam September 2008 landslide (rockfall and slope collapse leading to the loss of 107 lives)
burying the Duweiqa informal settlement, points to rising vulnerability resulting from poorly
constructed and maintained buildings and infrastructure, settlement of population in hazard prone
areas, lack of infrastructure to ease rescue efforts, absence of early warning system and inter-agency
protocols in case of crisis. Slow-onset disasters such as water scarcity and other risks resulting from
climate change may further aggravate the existing vulnerability.
From 2000 onwards, the national government passed various decrees to establish the legal and
institutional basis for disaster risk management and climate change adaptation. The current structure
for disaster management and response follows a highly centralized organizational set up, with the
Information and Decision Support Center (IDSC), under the Egyptian Cabinet, as national coordinator
for Crisis Management and Disaster Risk Reduction, and the Civil Protection Administration, the
Ministry of Interior, acting as the operational arm. The IDSC plays a pivotal role in the coordination of
disaster-related crises, and more recently in managing risks related to disasters (in 2005 after Egypt
signed the Hyogo Framework of Action in 2005) and climate change. Other scientific and technical
entities active in the field of disaster and climate change risk assessments are the Egyptian
Meteorological Authority and the Egyptian National Seismic Network (ENSN).
While the near-vertical geometry of the Egyptian State’s structure minimizes horizontal overlap
between the tasks and the duties of two or more neighboring entities, the local government appears to
have limited resources and decision making power. For example, the Physical Planning Center for
Alexandria Region is entrusted with the preparation of urban master plans, but their validation and
issuing still remain with the central GOPP. The Civil Protection Administration plays an important role
in emergency response with a focus on rescue and relief operations, and training of personnel in
crisis management. At a local level, the Decree of the Minister of Interior gave the authority to
establish regional Civil Protection units under the leadership of the Governor to respond to
emergencies, with operational equipments and trained personnel for rescue and relief operations.
Other national agencies that are involved in natural risk management at local scale in Alexandria are
the Ministry of State for Environmental Affairs Agency, EEAA: Alexandria Regional Branch Office, the
Coastal Protection Authority, the Alexandria Sanitary Drainage Company, and the Lake Maryut
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Management Authority. These agencies’ mission is to enforce laws, develop erosion, flooding, and
marine submersion control projects.
Local authorities, which were interviewed in Alexandria within the framework of the present study,
called for adopting a more decentralized approach in decision making, and for widening the mandate
of the Governorate and local institutions in disaster management. Insufficient involvement of the
Environmental Management Unit, lack of financial resources, lack of inter-authority coordination (no
regular meetings held), and severe deficiency in law enforcement were also considered to be the
most urgent faults to repair.
A case study of 2010 Sinai flash-flood was undertaken as a part of this study. This case study is
comparable to 1972, 1979, 1991 and 1998 floods in Alexandria. The case study highlights the need
for significant and continued investments in early warning and communication, together with a strong
focus on emergency response needs. Overall, although there has been some progress in multiagency coordination in the last decade, further improvements are required in timeliness, coordination,
and effectiveness of the national system of monitoring and early warning. It is recommended that
multiscale preparedness and response may still rely upon the present system(s), with the provision of
a few key technical improvements targeting efficiency and robustness.
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Vulnerabilities and Risks in Alexandria – Synthesis Table
Hazard

Ground
instability /
seismicity

Tsunami /
marine
submersion

Coastal
erosion

Flooding

Water
scarcity

Time
Horizon

Urban Sensitive Components

2010

Dense urban areas with bad building
conditions and slum settlements.

2030

Same components.

2010

Preserved natural shore and densely
urbanized coastline.

2030

Same components, but growing urbanization
of the shoreline and progressive
disappearance of natural areas.

2010

Preserved natural shore and densely
urbanized coastline.

2030

Same components, but growing urbanization
of the shoreline and progressive
disappearance of natural areas.

2010

Recently urbanized areas below sea level,
between the hydrodrome and Abu Quir, at
the edge of the former Abu Quir lagoon, in
Sharq and Al-Montaza districts.

Risk
Type (casualties
excluded)

2030

Same components. No planned urban
development in the sensitive areas (below
sea level), but informal settlements may
happen if no strict regulation is implemented.

2010

Population and economic activities (water
needs). The industrial sector is the major
contributor of water consumption growth.

2030

Same components, but growing needs by
2030 (the 50 % increase observed in the last
10 years may continue at the same pace)
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Structural damages
or collapse in case
of earthquake

Structural damages
to buildings on
seafront;
submersion of low
lying areas.
Beach regression
and structural
damages to
buildings on
seafront.

Inundation
ground
(damages
buildings)

of
floors
to

Water shortage

Location

Intensity

Level

Moderate exposure but some damages may appear because of « site
effects » (unstable ground); intensity ranging from VI to VI-VII MSK in areas
of strong subsidence (site effect).

Low

Same intensity, but probable continuation of subsidence effects.

Medium

See Figure 59

High submersion risks between El Dekhiela harbor and the Western Harbor
of Alexandria, and at Abu Quir. Probability of occurrence of a destroying
tsunami is only 6% in a 50 years period.

Medium

See Figure 72

Same as the present situation. However, possible rupture of the Abu Quir
sea wall (if not properly maintained) would result in the submersion of
residential areas.

High

See Figure 58

High erosion risks between El Dekhiela harbor and the Western Harbor of
Alexandria, and at Abu Quir.

Medium

See Figure 71

Same as the present situation + high erosion risk on the whole shoreline
West of El Dekhiela harbor (expected 10-20 m of shoreline retreat
compared to the present situation)

High

See Figures 105 and
112

Heavy rains during winter storms (squalls) reaching 96 mm/day for a 100
years event. Despite undersized combined sewerage, no significant
flooding issues reported by local authorities. No significant impact on the
lake Maryut level (+ 32 cm).

Low

See Figure 111

Despite uncertainties, more extreme rainfall events may be expected (+
30% intensity for the 100 years event). Areas around lake Maryut should
not be significantly affected (+ 42 cm with climate change; + 58 cm with CC
and urban development).

Medium

Water supply from the Nile River, via the Al-Mahmoudeya Canal (5 M m3 of
daily discharge). Covers the Governorate’s current needs (4.5 M m3/ day).

Low

With a maximum supply capacity of 11 M m3/ day, and taking the current
consumption growth into account, the Al-Mahmoudeya Canal capacity
would be exceeded by 2032. Moreover, despite the fact that Egypt is well
adapted to current climate variability, thanks to the High Aswan Dam,
climate change and geopolitical issues may change the country allocation
of Nile waters.

High

Especially in Gharb
district Al-Montaza and
Sharq
districts (see
Figures 96 and 100)

The whole Governorate
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Résumé exécutif
Une étude pilote dans un contexte régional
La présente étude, financée par la Banque Mondiale, traite de l'adaptation aux changements
climatiques et aux catastrophes naturelles dans la zone urbaine d’Alexandrie. Elle s’inscrit dans
le cadre plus large d’une évaluation de la vulnérabilité des villes côtières d’Afrique du Nord face aux
changements climatiques et aux catastrophes naturelles. Ce premier volume de l’étude est le
Rapport de phase 1, qui couvre l’évaluation des risques dans la situation actuelle et en 2030.
La zone étudiée est définie par le périmètre des plans directeurs d’urbanisme existants du Grand
Alexandrie. Néanmoins, l’analyse est essentiellement centrée sur les zones urbaines, étant donné
que le reste du territoire considéré est à prédominance rurale.

Une ville menacée par divers risques naturels
L'évaluation des risques naturels dans la situation actuelle fait ressortir les problèmes suivants.
Alexandrie a un climat méditerranéen semi-aride / subtropical caractérisé par des hivers doux
variablement pluvieux et par des étés chauds et secs. Janvier et février sont les mois les plus frais,
avec des températures maximales journalières allant généralement de 12°C à 18°C. Juillet et août
sont les mois les plus chauds et les plus humides de l’année, avec des températures moyennes
journalières maximales de 30°C. Alexandrie est expo sée à de violents orages, à des pluies (jusqu’à
100 mm/jour), et parfois à de la grêle pendant les mois les plus froids. Les données météorologiques
des 30 dernières années indiquent des tendances à un accroissement de la fréquence des vagues de
chaleur et des précipitations, et à une baisse de la fréquence des vagues de froid.
L’examen du contexte géologique et topographique montre qu’Alexandrie est construite sur une
plaine côtière composée de dépôts limoneux, lagunaires ou deltaïques récents (datés de l’holocène
au pléistocène), recouvrant un substratum néogène (essentiellement des dépôts qui se sont
agglomérés du miocène au pliocène). Cette zone se caractérise par des collines irrégulières en partie
sud, d’une altitude de 0 à 40 mètres au-dessus du niveau moyen de la mer (MSL) et par des versants
descendant vers la Méditerranée au nord. Les zones au-dessous du niveau moyen de la mer sont
la dépression naturelle d’Abu Quir (une ancienne lagune), la lagune de Maryut au sud d’Alexandrie, et
les bassins d’aquaculture qui bordent les limites sud de la lagune côtière. Une grande partie de
l’estran et des plats côtiers se situe entre zéro et 2 m au-dessus du MSL. Les zones au-dessus de 3
et 4 m se trouvent dans les dunes littorales, au niveau de la haute plage de la baie d’Abu Quir et au
sud de la plaine inférieure du delta, à environ 35 km de la côte. Dans le cadre du présent projet, un
modèle numérique de terrain (MNT) a été créé à partir de toutes les données topographiques
disponibles. Sa précision est toutefois insuffisante pour permettre de faire des simulations d’érosion,
d’inondation ou de submersion.
Des instabilités de terrain, principalement liées au processus de subsidence, se produisent
actuellement au bord du lac Maryut. Une estimation moyenne de la vitesse de l’affaissement sur 30
mois a été apportée par l’étude interférométrique menée par la société ALTAMIRA dans le cadre de
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ce projet. L’interprétation des images radars satellites (ERS DATED, ENVISAT, ERS INSAR), indique
localement une tendance au tassement, avec une estimation sommaire d’un taux annuel millimétrique
à pluri-millimétrique à la lisière nord du lac Maryut, et dans la partie sud de la ville, entre le quartier de
Gharb et Abu Quir. Néanmoins, nous pouvons remarquer que 90 à 95% des points mesurés restent
stables. En l’absence d’étude de terrain spécifique, l’explication la plus probable concernant l’origine
de ces mouvements verticaux reste la compression des dépôts récents (due non seulement à leur
nature mais aussi à leur épaisseur relativement importante, en particulier près de la dépression
lacustre).
Le nord de l’Egypte est bordé par une zone de convergence tectonique active entre la plaque
européenne et la plaque africaine. L'évaluation des probabilités d’un risque de tremblement de terre
indique que la zone urbaine d’Alexandrie est soumise à un risque modéré, correspondant à une
intensité d’environ 5-6 MSK sur une période de récurrence de 100 ans et d’environ 6 MSK sur une
période de récurrence de 475 ans. Les dommages qui pourraient en résulter sont qualifiés de “très
légers” à “légers”. Cependant, étant donné la mauvaise qualité géotechnique des sols à Alexandrie,
un niveau d'intensité supérieure peut être pris en compte pour la majeure partie de la zone urbaine,
avec des dommages potentiels “modérés” pour les événements les moins fréquents. Les zones de
subsidence détectées par interférométrie satellitaire peuvent être considérées comme sensibles à ces
“effets de site”. L’analyse des dégâts causés par les vibrations des tremblements de terre en Egypte
a montré que même pour un séisme de magnitude modérée (par exemple le séisme de 1992,
intensité 5,4), la majorité des dommages concernaient « des bâtiments en argile ou anciens, à la
maçonnerie non armée, et des bâtiments en béton non armé » (Fergany et Sawada, 2009).
Dans ce secteur géographique, la principale source de tsunamis est l’arc hellénique. Les deux
tsunamis connus comme ayant été les plus destructeurs pour Alexandrie datent de l’an 365 et de
l’année 1303 avec, respectivement, une hauteur de vague rapportée d’1 m et de 2,9 m. Le risque de
dommages causés par un tsunami est toutefois considéré comme très faible, dans la mesure où ces
événements sont très rares. La probabilité que ce genre de raz-de-marée se produise est en réalité
estimée à 12% sur 100 ans, à 6% sur 50 ans, et à environ 2,5 % sur 20 ans.
Le littoral d’Alexandrie est composé de plages de sable plus ou moins étendues, séparées par des
points rocheux. La ligne de côte peut être divisée en trois secteurs, définis à partir de leurs
principales caractéristiques physiques : à l’ouest d’Alexandrie, les plages des stations balnéaires qui
commencent à El Agami, les bassins du port ouest, et les plages des stations balnéaires qui vont d’El
Silcila au promontoire d’Abu Quir. Ces secteurs sont séparés par de grands promontoires à El Agami,
QaitBey, El Silcila, El Montaza et Abu Quir.
L’analyse des profils relevés sur les plages, près du rivage, face à la zone métropolitaine
d’Alexandrie, indique que la pente du fond marin de la plage de sable est relativement douce, avec
des valeurs situées entre 1:30 et 1:50. Ce fond marin en pente douce permet aux vagues de se briser
et de dissiper leur énergie dans la zone de déferlement. Les restes de dorsales sous-marines, sur
lesquelles les vagues dissipent leur énergie, assurent une protection naturelle partielle des plages
d’Alexandrie. Par contraste, l’analyse des profils relevés à l’ouest du promontoire de Dekhiela indique
que la pente du fond marin est relativement abrupte au niveau de la plage de sable, avec des valeurs
variant entre 1:10 et 1:30. Ce fond marin pentu permet aux vagues de se briser directement dessus,
au lieu que leur énergie soit absorbée et dissipée plus au large dans la zone de déferlement. Le fait
que les vagues s’écrasent contre la bande côtière implique que le sable est transporté toute l'année
pratiquement toujours dans le même sens vers l'est avec un important renversement à l’ouest, mais
sans aucune dérive du littoral constatée lorsqu’on établit une moyenne sur plusieurs années.
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Les plages de la zone métropolitaine d’Alexandrie, qui s’étirent de Mandara à El Silcila, subissent une
érosion à long terme d’environ 20 cm/an à cause de processus naturels actifs sur cette côte et
associés à un manque de sédiments dans le système littoral. Bien que ce chiffre paraisse faible, plus
de 50 % des plages de sable entre El Montaza et El Silcila, soit une bande de 14,5 km de long, a
largement disparu suite à l’élargissement, du côté de la mer, de la route de la Corniche construite
entre 1998 et 2002, qui a créé des cellules côtières déficitaires en sédiments”.
Les variations moyennes du niveau des eaux (selon les enregistrements des marégraphes),
mesurées chaque année au port ouest d’Alexandrie de 1944 à 2006 (sur 60 ans) et les données
mesurées dans le port d’Abu Quir (de 1992 à fin 2005, soit pendant 14 ans) montrent que le niveau
moyen de la mer à Alexandrie et à Abu Quir a respectivement monté de 1,8 et de 3,4 mm/an. La
différence entre ces deux mesures peut s’expliquer par un affaissement ou par un soulèvement local
du sol.
La zone côtière est également soumise au risque de submersion, particulièrement évident pendant
les périodes de tempêtes. Les ondes de tempête, associées aux marées de vive-eau (des marées
hautes) font monter le niveau des eaux de 60 cm au-dessus de la normale. Occasionnellement, des
ondes de tempête se produisent en même temps que des marées hautes, et le niveau de la mer peut
donner des surélévations de vagues d’1,6 m. Ces ondes de tempête peuvent submerger la bande
côtière, mais les zones en contrebas, qui s’étendent autour du lac Maryut et au sud d’Abu Quir sont
protégées par des dorsales naturelles ou par des digues.
Les principales composantes de la zone étudiée qui en contrôlent les caractéristiques
hydrologiques sont le canal d’El-Mahmoudia, le canal d’El-Nubariya, le collecteur d’Edku, le
collecteur d’El-Umoum, le collecteur de Nuberiya-ouest, le lac Edku, le lac Maryut, et la mer
Méditerranée. Les deux principaux canaux mentionnés ci-dessus servent à acheminer l’eau douce du
Nil jusqu’à la zone étudiée et à la distribuer par leurs réseaux de canaux secondaires pour l’irrigation,
les municipalités et les industries. Les trois grands collecteurs servent à transporter les eaux de
drainage venant des terres agricoles dans leurs réseaux de drainage. Les eaux de drainage
recueillies à partir du collecteur d’Edku traversent le lac Edku et se déversent par gravité dans la mer
Méditerranée à Boghaz El-Meaddia. Les eaux de drainage recueillies à partir du collecteur d’ElUmoum Drain traversent le lac Maryut, passent par la station de pompage d'El-Max pour se jeter
ensuite dans la mer. Les eaux de drainage recueillies au niveau du collecteur de Nuberiya-ouest se
déversent par gravité dans la Méditerranée au km 21.00 à El-Agamy.
Les bassins versants urbains de l’agglomération d’Alexandrie ne comprennet pas de réseaux
hydrographiques véritable avec des oueds bien identifiés. En raison de l’aridité du climat, les
précipitations sont rares et n'obligent pas à avoir d'aménagements hydrauliques spécifiques. A
Alexandrie, les eaux pluviales et les eaux usées sont par conséquent gérées ensemble dans un
réseau combiné de drainage et d’assainissement. Ce réseau a été amélioré et optimisé au cours des
dernières décennies, mais la pluie critique ne correspond qu’à une période de récurrence de 2 ans, et
donc les débordements au niveau des regards d’assainissement ou des stations de pompage
pendant les tempêtes d’hiver (« bourrasques ») ne sont pas rares. Ces inondations ont une étendue
limitée et ne durent généralement que quelques heures. Par conséquent, aucun dommage
important dû aux inondations des zones urbaines d’Alexandrie n’a été rapporté, mais la circulation
peut être temporairement perturbée.
La majeure partie des eaux de drainage d’Alexandrie s’écoule vers le lac Maryut, tout comme les
eaux usées, qui passent par toute une série de stations d’épuration. Le niveau de l’eau du lac est
maintenu entre -2,8 et -2,6 m au-dessous du niveau de la mer, afin de faciliter le drainage des zones
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agricoles avoisinantes. La station de pompage d’El Max déverse l’excès d’eau dans la mer. Les
simulations d’inondations effectuées dans le cadre de la présente étude montrent que même pour un
événement survenant une fois par siècle, le niveau du lac ne monte que de quelques décimètres, et
donc que l’impact en termes de risque d’inondation des zones urbaines proches du lac ne semble pas
significatif.
En Egypte, les ressources en eau se raréfient. Les ressources en eau de surface provenant du Nil et
transitant par le Canal Al-Mahmoudeya ont maintenant été totalement exploitées, et les sources d’eau
souterraine atteignent leur production maximale. Avec seulement 31 millions de m3/an, contre au
moins 5 millions de m3/jour pour le Canal d’Al-Mahmoudeya, les ressources en eau souterraine ne
comptent guère. De plus, les aquifères sont salinisés et impropres à la consommation humaine.
Alexandrie est confrontée à des besoins en eau grandissants, à cause de la croissance rapide de sa
population, de son urbanisation accrue, de la hausse du niveau de vie et de la politique agricole qui
met l’accent sur le développement de la production pour pouvoir nourrir une population de plus en
plus importante. Par ailleurs, près de la moitié des activités industrielles de l’Egypte sont implantées à
Alexandrie, et ce secteur est le plus gros consommateur d’eau de la zone urbaine d'Alexandrie.
Toutefois, dans la situation actuelle, les besoins n’excédent pas les ressources.

Probable accroissement des risques naturels avec les changements climatiques
Des projections climatiques à horizon 2030 ont été réalisées dans le cadre de cette étude à l'aide
de méthodes dynamiques de descente d’échelle issues des trois modèles du projet européen
ENSEMBLES avec le scénario A1B du GIEC (le groupe d’experts intergouvernemental sur l’évolution
du climat), et du modèle ARPEGE-Climat de Météo-France avec les scénarios A1B, A2 et B1 du
GIEC. Les résultats de ces modélisations indiquent que la ville d’Alexandrie devrait se réchauffer
de +1,2°C à +1,9°C en moyenne annuelle à l’horizon 2030. Il existe toutefois une très grande
marge d’incertitude liée à l’augmentation des vagues de chaleur. Les changements survenant au
niveau des événements pluvieux s’accompagnent également de fortes incertitudes (manque de
cohérence entre les modèles ou fourchettes de valeurs très larges). Dans ce contexte, on a décidé de
considérer les résultats du modèle du METOffice Hadley Centre associés au scénario A1B comme l’
“hypothèse haute”, pour laquelle les précipitations extrêmes augmentent respectivement de 7% et de
30% sur des périodes de retour de 10 et 100 ans.
Au-delà des risques géologiques (nature instable du terrain) et des risques de tremblement de
terre, non affectés par les facteurs climatiques, d’autres risques naturels seront affectés par
les changements climatiques.
Les conditions d’érosion et de submersion de la côte seront plus particulièrement affectées par une
élévation du niveau de la mer émanant indirectement du réchauffement planétaire, via la dilatation
thermique des eaux et la fonte des calottes glaciaires polaires. A partir de l’analyse critique des
projections du GIEC et des dernières références documentaires sur le sujet, nous supposons pour
cette étude une élévation globale du niveau de la mer de 20 cm d’ici 2030. Il faut préciser qu’il
s’agit d'une hypothèse haute, et que les tendances actuelles de la montée du niveau de la mer qui
sont mesurées en ce moment à Alexandrie sont bien inférieures.
En dépit de nombreux projets pour la protection du littoral, une élévation du niveau de la mer
réactivera ou amplifiera le processus d’érosion côtière, et fera donc reculer la ligne de côte. Les
plages de sable encore à l'état naturel risquent de reculer en moyenne de 10 à 15 m d’ici 2030.
Dans les zones urbanisées déjà protégées par des structures ou le long desquelles des ouvrages de
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protection sont prévus (élargissement de la plage par un apport massif de sable, puis maintenance
régulière, installation de structures retenant latéralement les apports de sable), ce recul sera plus lent,
mais néanmoins inexorable. En cas de tempêtes associées à des niveaux d’eau élevés, les
ouvrages de protection des plages situées dans les zones urbanisées risquent d’être sévèrement
endommagés, dans la mesure où la largeur de la plage ne suffira pas à absorber les effets de la
houle, trop proche de la ligne de marée haute. Les plages de sable à l’état naturel seront totalement
submergées et reculeront de façon importante. Cependant, elles devraient pouvoir se reconstituer en
partie par période de beau temps, et presque entièrement, lorsque la plage est retenue par des
dunes. La zone littorale considérée dans le cadre de la présente étude qui présente le risque
d'érosion le plus élevé se situe entre El Dekheila et les ports ouest.
L’élévation du niveau de la mer n’aura pas d’incidence significative sur la submersion des
terrains en 2030. Toutefois, les ondes de tempête augmenteront et les digues pourraient subir
davantage de dommages à l’avenir. Les basses terres d’Abu Quir sont directement menacées par
une éventuelle rupture de la vieille digue Mohammed Ali, construite au XIXe siècle. Cette situation
oblige à éviter toute nouvelle implantation dans cette zone agricole.
Les conditions d’inondation peuvent empirer en raison de l’effet combiné des changements
climatiques et de l’urbanisation accrue (imperméabilisation du terrain). Les débordements du réseau
d’assainissement actuel peuvent devenir plus fréquents. Les deux effets combinés du changement
climatique et de la croissance urbaine peuvent faire doubler la montée des eaux du lac Maryut en cas
d’inondation centennale. Néanmoins, la situation devrait rester gérable par rapport à l’actuelle
capacité de pompage et de régulation du niveau de l’eau.
Quant aux ressources en eau, le futur débit du Nil fait l’objet de projections complexes qui intègrent
les conséquences de la baisse des précipitations dans les pays africains et l’éventuel accroissement
des utilisations de l’eau à la source du fleuve pour l'agriculture, les effets à long terme du réservoir du
barrage Nasser et l’augmentation de l’évaporation, ainsi que les possibles hausses d’utilisation de
l’eau dans et autour de l’agglomération du Caire, avant d’atteindre le Delta. Les projections
concernant les changements climatiques dans le bassin du Nil sont donc difficiles à établir, mais nous
pouvons supposer que les besoins croissants de l'ensemble des pays de ce bassin hydrographique
affecteront de manière significative la disponibilité des ressources et engendreront des conflits
d’utilisation, surtout dans les secteurs situés en aval.

Apparition de nouvelles vulnérabilités d’ici 2030
Le Grand Alexandrie s’étend actuellement sur 230 000 ha avec une occupation du sol affectée à
45,9% aux zones résidentielles, à 18,9% aux zones industrielles, à 3% aux services publics et aux
espaces de loisirs, à 28,8% au réseau routier et de transports, et à 3% aux zones militaires. En 2006,
sa population fut estimée à 4,3 millions par le recensement national. Les limites actuelles de
l’agglomération urbaine d’Alexandrie sont constituées des quartiers urbains suivants : Montazah, le
quartier est, le quartier central, le quartier ouest, le quartier des douanes, le nouvel Borg El Arab, et
les lacs Maryut et El Mex avec les implantations sauvages qui les entourent. L’agglomération urbaine
s’est historiquement étendue de façon linéaire, et elle va actuellement du village côtier d’Abu Quir au
nord-est jusqu’au village d’El-Deir, au sud-ouest. La ville, qui affiche de très hautes densités de
population sur son front de mer, est construite sur un contrefort côtier étroit et partiellement
surélevé qui fait face à la mer, et derrière lequel se trouvent les lacs et les zones rurales des basses
terres et des marais, dont certaines sont déjà au-dessous du niveau de la mer.
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D’après les estimations futures de population réalisées par l'Organisme gouvernemental pour
l'aménagement du territoire, Alexandrie pourrait atteindre les 6 millions d’habitants en 2030, ce qui
correspond à une croissance de population de 40%. Cette forte croissance se traduira par
l’urbanisation des zones avoisinantes et menacera les ressources naturelles critiques, comme les
lacs Maryut et El Mex, qui jouent aujourd’hui un rôle essentiel dans la gestion des eaux de drainage
avant leur déversement dans la mer. L’expansion urbaine se dirigera probablement majoritairement
vers l’ouest, le long des deux rives du lac Maryut. Toutefois, on suppose que l’expansion urbaine se
poursuivra au sud de la ville, entre le lac Maryut et Abu Quir.
En termes de vulnérabilités, l’effet cumulatif de ces changements peut résulter en une exposition
accrue des populations les plus pauvres (aux conditions de vie précaires), en l’apparition de
nouvelles tâches urbaines (grands projets) sur des sites relativement exposés aux risques
climatiques (dépression d’Abu Quir, lac Maryut, bande côtière) et en l’expansion d’implantations
informelles ne tenant pas compte des dangers naturels. En particulier, une extension urbaine au
sud d’Al-Montaza et du quartier Sharq est susceptible de se produire dans des zones de basses
terres exposées aux risques d'inondations et de séismes.

Le coût non négligeable des changements climatiques
La méthodologie proposée pour la présente évaluation économique des changements climatiques et
des catastrophes naturelles repose fortement sur les projections de vulnérabilités urbaines pour 2030
et sur une bonne caractérisation des risques, à partir des données obtenues grâce aux systèmes
d'information géographique (SIG). Cela est particulièrement vrai pour l’analyse des coûts liés aux
tsunamis, aux inondations, aux submersions marines et à l’érosion côtière, avec une forte sensibilité
du modèle numérique de terrain (MNT) et de la variabilité spatiale. Le manque de MNT fiable est ici
un inconvénient majeur. De plus, il n’existe pas vraiment non plus d’estimation qualitative ni
d’évaluation quantitative sommaire concernant les futurs scénarios de développement urbain. De la
même manière, quand on trouve une description plus détaillée des risques, elle n’est pas
accompagnée d’une analyse de probabilité (période de retour), qui permettrait d’estimer
raisonnablement les coûts. Il a pourtant été possible de faire quelques estimations quantitatives pour
les questions de santé et les ressources en eau, dans la mesure où elles ne reposent pas
directement sur des données spatiales, ainsi que pour les séismes, dont les risques peuvent être
considérés comme homogènes dans la zone considérée.

Le total des coûts annuels des catastrophes envisagées dans cette étude et pour lesquelles une
estimation de coût a été possible en tenant compte des changements climatiques, est estimé à
646 millions de livres égyptiennes (668 si l’on inclut les ressources en eau) en 2030, exprimés
en LE actuelles constantes. Ceci représente 108 LE / personne / an en 2030, ou 0,26% du PIB
d’Alexandrie, à même échéance 2030. En situation actuelle (2010), cela représente 158 LE /
personne / an et 0,70% du PIB.
Les coûts indirects représentent 25% des coûts totaux. Ce chiffre est issu des choix
méthodologiques qui ont été faits et ne peut donc pas être discuté en dehors de ce contexte. Par
ailleurs, la part attribuable au CC est nulle concernant les séismes.
Exprimée non plus sur une base annuelle mais à l’échelle de la période considérée, la valeur
actuelle nette des désastres considérés sur la période 2010-2030 est de l’ordre de 6,5 milliards
LE, ce qui représente environ 7% du PIB actuel. Il est aussi possible d’évaluer le prix que nous
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serions prêts à payer aujourd’hui pour supprimer tous les désastres considérés dans le Grand
Alexandrie. Ce calcul aboutit à des montants compris entre 13 et 35 milliards LE, selon les
parametres pris en compte, soit entre 15% et 70% du PIB actuel du site.
Le changement climatique est susceptible d’aggraver la situation sanitaire (malnutrition, maladies
diarrhéiques, paludisme …). Les coûts sanitaires moyens annuels à l’horizon 2030 sont évalués
à 278 MLE, représentant environ 0,30% du PIB du Grand Alexandrie. Les coûts indirects
représentent trois fois les coûts directs. Soulignons encore une fois le caractère exploratoire de cette
évaluation économique, dont les résultats ne peuvent être interprétés en dehors des hypothèses
considérées.

Un cadre institutionnel perfectible
En ce qui concerne les risques majeurs, le Gouvernement a fait le choix stratégique de concentrer
les ressources matérielles et humaines sur deux instances seulement : le Comité National
CDMRR / IDSC, qui intervient en tant que coordinateur et décideur, et l’Administration de la
Protection Civile, qui lui donne ses moyens d'action. Cette force de décision a une telle importance
que l’une des principales attributions du Comité National CDMRR / IDSC en cas de pré-crise est de
« réviser les plans de tous les Ministères et Gouvernorats impliqués dans le Comité CDMRR » (IDSC,
2009).
Bien qu’il existe un accord général concernant l’amélioration globale de la qualité et de l’efficacité
des procédures de commande et de contrôle, et bien qu’il y ait eu, ces dix dernières années, un
progrès dans la coordination de multiples organismes, il convient de veiller à améliorer le respect des
délais, la coordination et l’efficacité du système national de surveillance et d’alerte précoce, pour
déclencher une réaction adaptée sur l’ensemble du territoire national. On pense actuellement que la
solution souhaitable pour être prêts et pour réagir à différents niveaux pourrait encore s’appuyer sur
le(s) système(s) existant(s), en apportant quelques améliorations techniques essentielles visant à
obtenir une meilleure efficacité et une meilleure robustesse du système.
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Vulnérabilités et risques à Alexandrie : Tableau de synthèse
Risque

Echéance

Instabilité des
terrains /
sismicité

Tsunami et
submersion
marine

Erosion
côtière

Inondations

Pénurie d’eau

Composantes urbaines sensibles

2010

Zones urbaines denses avec des constructions en mauvais
état et des bidonvilles.

2030

Mêmes composantes.

2010

Rivage naturel préservé et front de mer densément
urbanisé.

2030

Mêmes composantes, mais urbanisation croissante du front
de mer et disparition progressive des zones naturelles.

2010

Rivage naturel préservé et front de mer densément
urbanisé.

2030

Mêmes composantes, mais urbanisation croissante du front
de mer et disparition progressive des zones naturelles.

2010

Zones récemment urbanisées au-dessous du niveau de la
mer, entre l’hydrodrome et Abu Quir, à la limite de
l’ancienne lagune d’Abu Quir, dans les quartiers de Sharq et
d’Al-Montaza.

Risque
Type (hors risque
sécuritaire)

Lieu

Dommages structurels
ou effondrement en
cas de tremblement
de terre

Surtout dans le quartier de
Gharb, et les quartiers de
Al-Montaza et Sharq (voir
Figures 96 et 100)

Dommages structurels
sur les constructions
en front de mer et
submersion des
basses terres.
Disparition de la plage
et dommages
structurels sur les
constructions en front
de mer

Inondation des rez-dechaussée (dommages
causés aux
constructions)

Intensité

Niveau

Exposition modérée mais quelques dommages pourraient se produire à
cause des « effets de site » (instabilité du terrain) ; intensité variant de VI à
VI-VII MSK dans les zones de forte subsidence (effet de site).

Faible

Même intensité, mais probable continuation du phénomène de subsidence.

Moyen

Voir Figure 59

Risques importants de submersion entre le port d’El Dekhiela et le port ouest
d’Alexandrie, et à Abu Quir. La probabilité d’occurrence d’un tsunami
destructeur est seulement de 6% sur 50 ans.

Moyen

Voir Figure 72

Même situation qu’actuellement. Cependant, la rupture éventuelle de la digue
d’Abu Quir (en l’absence d’entretien), pourrait induire la submersion de zones
résidentielles.

Elevé

Voir Figure 58

Risques importants d’érosion entre le port d’El Dekhiela et le port ouest
d’Alexandrie, et à Abu Quir.

Moyen

Voir Figure 71

Même situation qu’actuellement + risque important d’érosion sur toute la ligne
littorale à l’ouest du port d’El Dekhiela (prévision d’un recul du rivage de 10 à
20 m par rapport à son état actuel).

Elevé

Voir Figures 105 et 112

Fortes pluies pendant les tempêtes d’hiver (grains) atteignant 96 mm/jour
pour un événement survenant dans les 100 ans. Malgré un réseau
d’assainissement combiné insuffisamment développé, aucun problème
important d’inondations n’a été rapporté par les autorités locales. Aucun
impact significatif sur le niveau du lac Maryut (+ 32 cm).

Faible

Voir Figure 111

Malgré les incertitudes, on peut s'attendre à des événements pluvieux plus
extrêmes (+ 30% d’intensité pour les événements à 100 ans). Les zones
entourant le lac Maryut ne devraient pas être beaucoup affectées (+ 42 cm
avec les changements climatiques; + 58 cm avec les changements
climatiques associés au développement urbain).

Moyen

2030

Mêmes composantes. Pas de développement urbain prévu
dans les zones sensibles (au-dessous du niveau de la mer),
mais des implantations sauvages peuvent voir le jour si une
réglementation stricte n’est pas mise en place.

2010

Population et activités économiques (besoins en eau). C’est
le secteur industriel qui contribue le plus à la croissance de
la consommation d’eau.

Alimentation en eau à partir du Nil, via le Canal d’Al-Mahmoudeya (5 millions
de m3 de débit quotidien). Couvre les besoins actuels du Gouvernorat (4,5
millions de m3/jour).

Faible

2030

Mêmes composantes, mais des besoins croissants d’ici
2030 (la hausse de 50 % observée ces 10 dernières années
pourrait se poursuivre au même rythme).

Avec une capacité d’alimentation maximale de 11 millions de m3/ jour, et en
tenant compte de la croissance actuelle de la consommation, la capacité du
Canal d’Al-Mahmoudeya serait dépassée d’ici 2032. De plus, en dépit du fait
que l'Egypte est bien adaptée aux variabilités climatiques actuelles grâce au
Haut Barrage d'Assouan, les changements climatiques et les problèmes
géopolitiques pourraient modifier la répartition de la distribution des eaux du
Nil dans le pays.

Elevé
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ا t ,ل  . j& iاLPOاء ا  %& 5ارK9ع اوح & >  Kdو& 40اً .ق &_
 s,ا  Qوا A59ا Q8اره  Q8ا  Qا _ .n
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أ& ا  =Eا  0& YQ9 %9ى  s,ا  bKF& 4. Qأ )هر أ َ(  /وQة
&ط Pب ا $Oر وا Lارع ا  $0ا   Q9ا  Qود ا Q 5ة ا LP % ."0ء آ
&> ا  yE1وا  =Eا  Kd > & "0و. & 2ق &_  s,ا  .Qأ& ا  =Eا  9اوح
& >  3و 4أ&ر  %.دا) ا X$ن ا   "0ا  yE1ا  VF KFأ  وا L5ء ا >& 5
 4ا  اOد" ، 8ا  35آ &اً &> ا  _1ا . "0
 .إEر ا 1وع ا  D9 ، Qإ اد 8ذج ارK9ع ر ) F (DEMام آ .ا 8ت ا i,ا.
ا .ة .إ nأ  8و أن دQ K$9 n 4آة "ادث ا  +أو ا ;Kن أو ا (.
 S. ،)m l8Pن إ" ى ا jاه ا ُjَ"tـَ وا ~rـ}ة  ,& .ا  و&  ا $Oر ه  م
اار اOرض  l0هط ا  .0وهك  + 08  9ل ا 4ط   & .ا $ر )tل
rtrن 4اً  QH9درا dر اnر ا ادار ا  ا) ) (INTERFEROMETRYا Bى
&  Yآ  >H ALTAMIRAإEر هBا ا 1وع وا    +9درا W6) _8
ا Pت ا  ا) وا j +اه ا   Dر dه sH9 .ا 6ر ا )ذة   ا,d
ا ادارى ) ( ENVISAT, ERS INSAR and ALOSا59هً &4 ًQط   & 9ى
ي إ & +ل  ة &ات ) Q dود ا Q  1ة &ط وا L5ء ا  bKF& >& 5أ
 .و& %هBا  $أن  "t8أن  د &> ا ط ا  اوح & >  %90إ . ًr j %95
 أLPاء ا   .و& 8 %اQOث  .هBا ا  6دS. ،ن ا  0KاOآ Xإ"   d =+ .هAB
ا Qآت ا أ  jه ا(;8ط ا ت ا  4+E l0 _. 7 ) X Qو 4$ l0 >$
ا  0وا Bى ) P Pص  ب &> ا  bKFا Bى ازى ا Qة(.
و&> ا " ا  %. 8$ل &9 ,& ."  6رب  .) _18 8$9ا 1ة اOر> (H
ا Oاح اOورو وا ..Oو$% D9 1رة إ& & وث ز+زل إ أن ا  ,ا . ;Q
ا $Oر &,F H+رة &> ا 0ى ا _ وذ   l0ا  1ة ا    69ب &>  5إ
t) (MSK)6ل .ة دة  W& 9م ،و"ا  5إ t) (MSK) 6ل .ة دة .ً& 475 9
ُ #6ا ;ر ا  DPا   Qأ P #+H" 8اً" إ " ."#+Hو& %ذ  وا . B)Oار ء
ا 5دة ا  95ا   X9ا (  W6) .ا  را $O Hر >$ 8S. ،اnد ن
 L9در Pا  1ة  Dj+& .ا  =Eا  >& Q& #9 %& ،;Qا ر" Pا  . ",أ=H
ا  Qود .و أوd Q9 sHر ا ادار أن ا  =Eا  +9ض KF8ض ه اOآVW 0" X
ا H >& Qب ا L4ات اOر  l0 Hم  49rوااره >" . ،أن  Q9ا ;ر ا DP
> اهLازات ا nLزل  6& .آ #1أ " %& " 8وث هLة أر ) _& D5Q H
ا Xل ،ا L4ة اOر Hم  e" ،1992آ Y8ا  1ة "ا S. ( MB 5.4ن أ liا ;ر  "
" زل ا  >& 6ا ,ب ا > أو ا   ا ( &   8P.) "7Oوادة.(2009 ،
 +ا  6ر ا P 0Wت ا   L Lا ) ,Qا  . ( &80ه ABا  ,ا (5ا .ه ا س
ا  ، 4و9 %Pر أآ Xا Pت ا   L Lا ) ,Qا  ( &80ا  &ة ا +و . .ا $Oر
ام  365و ،1303وا   ارK9ع أ&ا& >& 4Pاً ا & 2.9 -اً  ا ا  .و& %هBا S.ن
ا ;ر ا  > DPا  9 e" ،ًtkH + &80ر &ات " و .rو  9ر  " 08وث هBا ا  &80ب
 %12آ & Wم ،و %6آ )0ن &ً و"ا  %2,5آ 1ون &ً.
$ن " ا $ر &> ا yEر& & ة 8 46K9ط  ،Fdو D0ا  _1ا  "0إ
trث ,ت و s&t ً.ا  :P 0Kاi +5& yEب ا $ر  ءاً &> ا  ، 5+وأ"اض
ا ء ا ( ،وا >& 9 +5& yEا  00و" 0ن أ 6K9 .ه ABا ,ت  0
 Qر . 0Wا  5+وى وا  00وا  ALوأ.
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 Q9 sHا ,ت ا   "0 85ب &> ا  yE1ا Bى  . 4Q0& D9ا  ,ا ;Q
 $ر أن ا Q8ار ع ا    Qا ا  e" ،ً08 ً,0 + yE1اوح & >  1:30و.1:50
وهBا ا Q8nار ا  _0ع ا & s0 Qاج 0$8nر و  4E  9ا  ,ا  4. 0$9
ا&Oاج .أ&  ا s,Oا  Qرة وا tل ا (رة  .ا ة 9 e" ،د ا&Oاج X9 48S. ،4E
" 1 WLP +Eا yEا $ر . .ا S. ،ن  Q9ا ,ت ا  &   4Q0& D9ء
ا )  1إ أن ا Q8ار ع ا " Qد  e" ،08اوح & >  1:30 " 1:10وا Bى s0
&اج ن & 0$9ة   s,ا  >& n  yE1ا& 4d6و ,& . 4E Y19ا&Oاج
ا  + Qاً > ا  .H .yE1إ ذ S. ،ن 9 $ز %ا&Oاج  & .ا A59ا  _1ا "0
 $ر  1إ أن ا 8 A59ا &ل ا  kE1ه أ"دى ا &  ً A59ار ا +م & %ا$+8س
آ  e" iو Ydدر Pا58اف ا  $إ ا  &  K6ى  ة ات.
 419ا  & yEا $Oر >& ،ا  رة و" & ,ا 9 00آ  y,و  0& $و&6
 6إ  . D20ا +م  l0ا +ت ا  "0ا  +,ا 0ة  .Hإ  8ا وا. l
ا jم ا  . "0و  >& DiهBا ا  +ل ا S. ، bKFن  >& %50ا 1ا yEا & & > ا Lة
وا  &S ،00اد 14.5آ  ،Dا)Q& $1 YKظ  A59 % 58ا  =E . Qا $ر 8ا Bى
 D9إ18ؤ 1998 > & Aو  P " t) =)  l99 & ،2002ة  K9إ ا وا.l
 sH9ا (ات ا 0 ً ,ى ا ) Aوt50 ً.ت س ا  ( و ا  & .ء
ا $Oر ا ( & Bم  1944و" م ) 2006أى ن &ً( و آ  Bا 8ت ا BFة &> &ء
أ  )& Bم  1992و " م 2005؛ أى أر (ً& 1 +أن &_ &0ى ا i . Qب
ا $Oر و أ   ار 1,8 0 %K9و& 4,3اً  .ا +م  ا ا  .وُL+ى  lا Kق >
ه ABا ت إ ت ا 4ط وارK9ع ا   Q9ث  .ه ABا .=E
و +9ا  =Eا  "0ه أ;  EF Hا (  ء وه ا  ,Fا Bى  و  ًPأrء
ا Kات ا  e" Kd+أن ا ّرات ا  Kd+ا    ,9ا م أو ا  ا .) Oأول ا  41ا ى
أو &0& %.9 (K6ت ا ء ب. D 60ق " ه ا  . +,و b+ .ا"Oن 4 Qر ا  ا م
& %ا ّرات ا  Kd+وه & 0& +5ى ا $9 V Qت & 69 Pإ  .& 1,6إن &9 X
ا ّرات ا ~9  Kd+دى إ  iا  _Fا   "0ء إ nأن ا  =Eا  ;KFوا  ة "ل
Qة &ط وPب أ  &Q Qا LPا &ل ا  +,أو "ا _Wا  Qا   D9ا18ؤه &> أP
 dا&Oاج ا .Q
أ& أه Dت & ,ا را وا   46W6F D$Q9ا  4رو  9 : 4. Pا Qد9 ،
ا ر6& ،ف إدآ6& ،ف ا +م6& ،ف iب ا رQ ،ة إدآQ ،ة &ط وا Q
ا _9 .م ا > ا  >0Wا Bآر >9أ A&  Atا  ا  B+إ & ,ا را "e
5ي 9ز =E > 4+أ. j8وع  9ا ات وا O 66Fه اف ا ى واiOاض ا Q
واOه اف ا  .6أ& ا 6رف ا  rtXا . 0Wم  A& Qا 6ف ا د& &> اOراH
ا Lرا >  =Eأ$ j8ت ا 6ف ا  A& #69 D e" ،4 dFا 6ف ا د& &>
&6ف إدآ  .ا  Qا _  iز ا Q =E >  +ة إدآ ا ,ة ا 5ذ ،أ&
&6& Aف ا +م Q  4K69 D.ة &ط >  H ,Q& =Eا  Dr 7$إ ا Q
ا _ ،وأ& &6& Aف iب ا ر  . 4K69 D.ا  Qا _ ا ,ا 5ذ اOرH
 ا . 5+  21 $
 ِ4jُ9 nأ"اض ا 6ف  -.ا +5ت ا   $n 8ر أ أ8ط ه روiا " .ذات أود
& Qدة .و +E l0ا خ ا 5ف S.ن ط ا,&Oر 8 +دراً و& l, nا =.ه رو $
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& 66Fو B4ا ا  K. l0ا $ر  Dا  A& %& &+ا 6ف و& Aا,&Oر ا 5ر )ا 0ل
ا  $ 7K8 . (KK,ا 6ف ا  Q6وا  .#6هBا و  e Q9 D9و ,9ه ABا t) $1ل ا +د
ا  Hو" ً S.ن آ  &> & Aا,&Oر ا 5ر )ا 0ل ا  Q9 (KK,ث )tل ا +ا #dا 1
)ا ات ( .و +9ه ABا 8;Kت ذات & ى & Qود ودة  +9 nى ; %ت .و  Q D 8S.  Bث
إ اّnن أن  =r9 D9أ أHار "  > 598ا ( أو ا (ق  .ا  =Eا  $ ;Qر
و  Q >$ث  b+ -.اOوت ا)ت &ور.
& A& Dj+ا 6ف ا    Q6ا $nر Q Q8 =. 9ة &ط &> )tل &5 + >,Q
ا  .Aو DاK"nظ 0ى & Aا Qة &>  2,8و & 2,6ا 0& YQ9ى  s,ا  Qوذ  40
ت ا 6ف ا د& &> اOرا Hا Lرا ا  >" .  ,Qأن  #69ا  Aا Lا A Wا PدA
 .ا  D 7$ا ,Q& ,ا ; ا Pد Aهك.
 .إEر ا را ا  b+ BK9 D9 ، Qت ا Qآ8HK Aت وا  أ4ت أt) . " 8ل
ا  Wم 0& %K9 > ،ى  s,ا  A  > AQات  و S.  Bن ا  rا >& Q
iا  =Eا  ;Qا 5ورة Qة ه  Q& r9ود  Pا Bُ nآَ.
و >& nارة إ أن ا ارد ا  6& -. Wأ8 YQdدرة e" .أن &ارد ا  Aا  Q,0ا -
 48 >& -99ا  >  9 =Eا Qد 5  ،&$  (َ0ُ9ي ا Fام &6در ا A
ا  -. .5ا8ج   .&$و& +9 nراد ا  Aا  .5ذات "& 31 40 e" r~& D5ن م-. 3
ا   0ر 8ب& 5ن م - 3ا 9 >& Oا Qدt .وة  ذ S. ،ن )Lا8ت ا A
ا Q9 .5ي  >& +K9& 08 -اt&Oح و  t4 Q d i 4. -ك اد& 9 .اP
ا $nر ا"Pت &Lا ة &> ا  l0 AارK9ع  +9اد ا $0ن وارK9ع &0ت ا  1+وا 0ت
ا Lرا ا ~9 -آ   %9ا8ج &> أ B(9 Pا $0ن ا L >Bا  ده .H ،Dإ  -ذ ،
9آ Lأآ #68 >& Xا  6ا " 6ل ا $Oر & ~دي إ زدة اt4ك ا  Aو-.
ا  %Hا اه> ا"Pت ا 59 n Aوز ا ارد.
إ& ا",دة  -ا ا ا / &.ا خ
   D9ا +ت &) +م  2030آL5ء &> هBة ا را  Fام ا  bK) lا  D5Qا &$
ا tXث 8ذج 1وع اOورو & %ر ا ـ  ،A1B IPCCوا ذج Météo-France
 %& ARPEGE-Climatرهت ا ـ  A2 ،A1B IPCCو  .B1أرت هBة ا ذج إ  -أن
&  ا $Oر ف +9ض رK9ع م  -.درPت ا Qارة  ر  1,9+ - 1,2+در k& Pو&%
ذ   Pه& ً1وا P ً+اً &>  م ا > ا L _9دة &Pت ا Qارة ،و 9 Xن أ;ً
ا (ات  -.ا jاه آ,4ل ا,&Oر 0ت   &>  م ا > وذ   Pا +8ام ا = >
ا ذج أو ا ,ت ا ا >& +ا  .Dو -.هBا ا 0ق9 . ،ر ا  VW8 -. jا ذج MET
&Officeآ %& Hadley Lا 0ر " 8 A1Bأأ " " ،و -.هBا ا 0ر  Lه,ل
ا,&Oر ا ا  ٪ 7 0 -وK ٪ 30ات  10و. 100
ً 2ا  3ه 4ا ا) 6$$7ا:ر" 9ا ا;< /ة( و ا+,زل ?ن ه ك
أ%رًا  أ%ى $ف  /2 CDا خ.
Page 45
Draft Final Version

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

 >$ا ل ن "nت ا  Qوا ( 1ا d) , r yEو&ة  l0إرK9ع 0& .ى
 s,ا  Qا  >& V9هة ا"ار ا )  +ارK9ع در" Pارة اOرض( ا Bى  4 Vا  د
ا Qارى  Aوذون ا (,ء ا  5ى ا  . ,ءًا   Q9هم 6رات ا  5ا و  (ات
ا ) ) (IPCCوأ" ث ا ا . %PهBا ا Hع  $ا.اض  .ه ABا را أن $ن هك
ار َ ً  <$ى  Gا$H2 L 20 I" Hل م  .2030وه  59ر ارة إ أن هBا
69راً  ً " eأن اnرK9ت ا   .  " 4 Dا $ر أ &> هBا .X$
 ا  >& Diا 1ر %ا  +دة  Qا 0ا" S.ن أي ار ع  <$ى  Gا$ Hف "
 PQأو " HR  3 L:ا<$ا& Sو  ف  >& Lا0Q8ر ا  _Fا  . "0أ& ا 1اyE
ا & ا  & L9ال  "  4ا <HR T 4. +,ر  2ل  10 3إ  15اً Qل م
 .2030و  F .ا  =Eا   8وا   +K  4" D9ا ,ا 4آ أو ا ,أل
ا , Qل  9ا  +9) =Eا  yE1ا ,إدة ا& اد ا 1ا$ yEت ه >& Wا &ل Dr
ا ( Bا ور  ا 1ا ،yEأو >  l68 =Eهآ  l5Q9ا اد ا  & F0دة ا& اد
ا 1اS. ،( 8P %H yEن ا0Q8nر ف $ن أ_ء إ nأن ذ  > n" . . W48 $1 Kت
ا +ا #dا 0 Q6ت & Aأ S.ن اOل  .رؤوس ا 1ا . yEا  =Eا   8ف
 8+9أHارًا  e" 0Pأن ض ا  i yE1آف  _Xاّrر اnرK9ع  ا  " >&  1ا 
ا Oوف (9ق   &$ا 1ا yEا & ا  & L9ال  "  4ا  +,آ أ 48ف 0Q9
Q& $1ظ ،و $&S j >$ن  9ا 1ا yEإدة . . WLP $1 40K8 >$9ات ا ال
ا خ و $1آ Q &  ً9ى رأس ا   yE1آXن ر& .و&> أآ Xا  =Eا H+
 ,Fا   -. Qه ABا را ه ا  ,ا  > "0ا ) وا  ا ( -وأ .
إن إر ع <$ى  Gا 9 Hه $ا Sا    WاWرض ا$/رة م S. ،2030ن &%
إزدد ا +ا 41 #dا Qا _Wا  Qا  >& X$ا Kت  -.ا  .0إن ا  =Eا -. "0
أ & 4دة ( & Aا  ،Qوا  =Eا P ;KFب ) Vأ & 4دة &> " وث آ_WQ 0
& - Qا Bي  -. -ا ن ا B .1 %اS. ،ن هBا ا  +& l, %Hو" دور و& %إ&
أي & 9 -. ;" =Eا  ,ا Lرا.
 09ء Zوف ا R:ت  l0ا  rا Lدوج >  r9ا (ات ا ) & %زدة ا =E
ا  ، (ground impemermeabilisation) ;Qو Lداد $ A& sKEت ا 6ف ا S. .-Q6ن
هBان ا rان ا Pن >  (9ا خ & %ا  ا ;Qي0& #;  ،ى ارK9ع ا Q -. Aة
&ط  Wم ;.نB ،ا -( ،أن  jا  %Hا Fص ; ا  Aو0& Dj9ى  s,ا A
 YQ9ا ,0ة.
أ& ا$ارد ا\ و& 48 =. 9 0ا  +;F 48S.ن +ت & +ة rm  19ر اKF8ض
ا,&Oر  -.ا  ان ا .Oوا Lدات ا  -. Qا Fام & %ا  -. 4اiOاض ا Lرا وrmر
ذ   ا  ى ا  >& ,ا L) -. Fان Qة  ،d8وا Lدات ا  -. Qا Fام ا  Aدا)
و"ل ا +5ت ا   $0هة  ا dل إ ا B .اS. ،ن إEت  (9ا خ  "ض 48
ا  &> ا  l+6ا ~  4و  $ >$أن K8ض أن  58اP"nت ا Lا ة   %5ان ا ,
+50ت ا  Aف r9 r~9اً آاً  9ا .ا ارد.
Page 46
Draft Final Version

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

$!Zر ;Rط  " 6 ^Tة $H2ل م ٢٠٣٠
 j.Q& 9ا $ر اbى &ً  <&  ٢٣٠c٠٠٠هِbرًا$9 eQ 0& ،ن ٤٥٩ 08
  >& WاOرض & =E 66Fا $0؛ و =E 66F& W  ١٨٩ا 6؛ وW  ٣
ا =.ا  &+و& =Eا5nم؛ و $1 66F& W  ٢٨٨ا ,ق وا اtdت .H ،إ
 =E 66F& W  ٣ا  .$0+و ُ ُ ر ا اد ا< fH -Rbا b gر"  -م 2 ٢٠٠٦
$ ٣c٩ن  l0" <Rا"6ء ا & -ا  $19 .-ا  Qود ا ;  Qا" j.Q& -ا $ر
"Oء ا +ا 8ا   -" :ا Lة -" ،ق -" ،و_i -" ،ب -" ،ا 5ك -" ،ج ا +ب
ا   5؛ وأ;ً " ا  5+ا Bى  A  Q9 D9م  .H 2009إ Qات &ط وا  7$وا +5ت
ا  $0ا 1+ا Wا  .4 ,Qو ا& ت Hا" -ا    ا ر  ،- E $1و>& ً " 9
 أ  -ا 1  "0ل ا  -1إ  ا   5ب ا ( .-أ& ا   ،وه -ا X9 -
آjت   $ل وا !!6ا\   Y . ،وا,& H " 4Pو   WLPاnرK9ع،
وا Bي 9ا K) Pا Qات وا  =Eا  Kا  ;KFواOهار ،وا 4& ً;+ bKF +K  -
> &0ب & Aا .Q
"69 l0ر & +ل زدة ا $0ن &> ا  k4ا &  _,Fا +ا +9 6 -8اد $ن & 
ا $Oر & 6ن  2030 -. 08وذ   %40 -+زدة  .8$و   6 ،-ا  #"Lا +ا-8
 =Eا  ،4 ,Qوا Bي  ور - r~ Aا ارد ا  -. +,ا  =Eا & X& ,Qط
وا  7$وا +وف ا >& 48ا  =Eا  >  k0إدراة ا  Aوd  4 Dف ا  >& .Aا %
أن $ن ا  #"Lا +ا -. -8ا l8P - -i A59ا yEا Qة وف  ا;ً ا +ان P
> Qة &ط وأ .
أ ;R 3ط ا$9  ،^:ن ا  5ا اآ  AB4ا (ات ه -ا ^Qbا,ا"  3ا;ت
ا< RbاWآً; jا )وا"Oال ا  1+ا ,Fة( ،و$!Zر ر lا " 6 Rة ))1  dر%
ا $ى(  EF ً08 ًH+9 H+& =E& -.ا ) )Qة &ط ،ا -E1ء( وا <ع
ا7ت ا< Rbا$Qا\ دون ار ا%Wر ا  ،وا  &> ا ُ sPأن  Q9ث  -.ا =E
ا  ;KFا ;K H+ن وا  EFا L Lا  و و Pا 6Fص ا  %ا ;Qي Pب
ا Lة و& ,ق.
 / bا خ 7 3b" +ه!
ا ! 7ا;&  %Hا6nدي ا j 0  - Qهة  (9ا خ وا $ارث ا  +9 +,آً
& -ا >Eا ; -. #+ا  =Eا  ;Qوا  2030 -. ,F H+وا  +9 -أ;ً -
ا &+ت ا )ذة &> fRم ا$ت ا/7ا ) .(GISهBا &~آ  0Q 0ب  K$9ا W0F
ا  > Pاه ا  -&80وا 8;Kت و iا  Aو Q8ا 1ا yEوا &+& - +9 -ت
&~آ ة &> 8ذج ا +K9ت اOر Hا  .وi +ب هBة ا ذج إ   ة ،و .Hإ
ذ S. ،ن ا   ا  -أو ا " -$ل ا 0رهت ا  -. ;Qا .& i 0ة   .&$و-.
 7K8ا 9  ،Yا .و #dأآ  ًt;K9 Xا  Q9 %& -9 n 8S. ،EFا" .) -ة ا +دة(
0ح    . & K$9و& %ذ  >$ ،ا  b+ %ا &+ت ا  > $ا  %Hا -Q6
وا ارد ا  e" Wأ + n D48ون آً  ا 8ت ا Kا iأو ا..1$
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Introduction

Background
Throughout the official development assistance of the World Bank to the Governments of the MENA
region, a study on climate change adaptation and natural disaster preparedness in the coastal cities
of North Africa has been launched in 2008, financed by the World Bank and by the fiduciary funds
NTF-PSI, TFESSD and GFDRR managed by the World Bank.
This study focuses on three North African coastal cities: Alexandria in Egypt, Tunis in Tunisia and
Casablanca in Morocco and on the Bouregreg Valley between Rabat and Sale in Morocco, where a
major urban development project is being planned and implemented.
In this context, The World Bank and the Arab Academy for Science, Technology and Maritime
Transport (AASTMT) agreed on establishing a partnership for conducting the study on “Climate
Change Adaptation and Natural Disaster Preparedness in Greater Alexandria”, to be part of the
abovementioned regional study. The partnership has been established through Memorandum of
Understanding (MoU) signed between the two parties in July 2009, by which the AASTMT agreed to
provide in-kind contribution to finalize the study of Alexandria. Parallel to that, the World Bank has
dedicated the international expertise of the consortium members that include IAU-IDF and BRGM led
by Egis BCEOM International.
The AASTMT contributed with its available personnel and researches, as well as the data processing
and modelling facilities. It should be highlighted that the data collection was carried out by the
assistance and support of the national stakeholders. Meanwhile, Egis BCEOM International provided
the required guidelines for finalizing such activities, under the supervision of the World Bank.
This study is considered an opportunity for the AASTMT to exercise its development role at the
regional level, as the Academy is one of the specialized organizations of the League of Arab States
that was established in 1972, aiming at achieving sustainable development in the Arab countries
through its mandates that include capacity building, research, awareness raising, creating knowledge,
networking and transfer of technologies in the fields of science.

Study Objectives
The main objective of the project is to develop a study that includes the assessment of climate
change and natural disaster vulnerabilities of Greater Alexandria by the 2030 scenarios, formulation
of action plans that improve adaptation of the city to climate change and preparedness to natural
disaster and engaging stakeholders in related decision-making.
The study developed across two main phases:
1) Phase I: to assess the vulnerability of greater Alexandria to the expected impacts of climate
change and to the risks of natural hazards. This includes the following climate change
impacts and natural hazard risks on the Greater Alexandria:
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•

Accelerated sea- level rise, coastal erosion and storm surges

•

Urban flooding

•

Increased ambient temperatures

•

Decreased availability of fresh water

•

Vulnerability to earthquakes and tsunamis

2) Phase II: to formulate recommendations to increase the adaptation of the city to climate
change and its resilience to natural disasters.

This report is the main outcome of the first phase, where the data were collected, analysed, and
reviewed by the national stakeholders in a workshop held on 15-16 June 2010 in Alexandria.

Methodology
The methodology used to develop this report is the following:
1. Establishment of the present situation regarding natural risks and the most accurate
predictions of changes, based on reliable and updated downscaling of global climate
change scenarios, geological and hydrological studies of both maritime and Nile Delta
environments, the assessment of earthquake frequency and intensity probability, and
other scientific assessments as appropriate.
2. Assessment of the current urban coverage and the vulnerability of the urban
infrastructure assets present on the site. Establishment of the likely perimeters of the city
for 2030 based on the urban expansion scenarios determined in existing plans for the
development of new Alexandria or Alex West new town, including the predicted land-use
maps of the urban expansions at such date.
3. Establishment of an accurate GIS mapping of present day Greater Alexandria, which
would include the geological, topographic and hydrological characteristics of the areas,
and the location of the built environment, coastal infrastructure, residential areas,
agricultural areas, industrial and other productive assets, and other features, as derived
from satellite imagery and other source. Preparation of an urban vulnerability mapping
based on the identification of the present and predicted increase in natural risks, which
would identify the "hotspots" as areas at major risk within the Greater Alexandria and
within the projected expansion areas.
4. Economic assessment of the capital, human, social, cultural and natural assets that are
likely or predicted to be impacted by climate change and natural hazard risks. It includes
the residual current value of the assets, the socio-economic losses, as well as the human
burden of disease. Total annual cost of disasters are estimated and compared to the
GDP. Both direct and indirect costs are provided, as well as climate change induced
costs.
5. Assessing the roles and activities of national and local institutions in the urban planning,
infrastructure provision and disaster preparedness relevant to the Alexandria's urban
Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 50
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

area. This assessment mainly relies on cartography of the various institutions involved,
illustrated with a case study.

Presentation of the Alexandria Urban Area
Alexandria city is located to the west of the Rosetta branch of the Nile and is famous for its beaches,
historic and archaeological sites.
It has a population of about four million and hosts the largest harbor in the country as well as roughly
40% of the Egyptian industrial activities. During summer, the city attracts over a million tourists.
The extension of the city to the south is impeded by the existence of a large water body: Lake Maryut.
Water level in Lake Maryut is kept at 2.8 m below sea level through continuous pumping of water into
the Mediterranean.

Greater Alexandria study site:
The current limitations of the Alexandria conurbation include the following urban districts:
Montazah, the East District, the Center District, the West District, El Gomrok District and the
new Borg El Arab.

Location:
The Alexandria conurbation is located on the Mediterranean coast in the north of Egypt, on
the western border of the Nile delta. As regards its geographical coordinates, the city’s
latitude is approximately 31°12 north and its longi tude is 29°56 east.

Surface area:
The territory referred to covers a total surface area of roughly 230,000 hectares.

Landscape:
The Greater Alexandria conurbation is spread out over almost 100km of coastline, from the
coastal village of Abou Quir in the north-east to the village of El-Deir in the south-west. The
city is built on a low elevation, limited in the north by the sea and in the south by a series of
lagoon areas (Lake Maryut), the majority of which are located under sea level.

The map shown below displays the administrative boundaries of Greater Alexandria.
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Figure 1: Alexandria Districts (GOPP 2009)
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Chapter 1 - Assessment of Hazards:
Present Situation and Perspective for 2030

1.

Climate and Extreme Climatic Events

1.1.

Introduction
Egypt is considered one of the most vulnerable countries to impacts of climate change. The impact of
sea level rise on inundation of the Nile Delta region and northern coastal cities has been observed by
many authors (Sestini, 1992, El Raey et al, 1995, El Raey et al, 1997). It is well known that the
sectors of water resources, agricultural resources, coastal zones, tourism and health are all highly
vulnerable to impacts of climate change (e.g. Egypt second national Communication, 2010). These
sectors are vulnerable to not merely sea level rise, but also due to problems of increasing frequency
and intensity of extreme events. Egypt is considered vulnerable to extreme events such as dust and
sand storms, heat waves and marine surges. The shortage of available data and monitoring systems
6
are additional factors increasing the vulnerability of the country .

The city of Alexandria has a semi-arid Mediterranean climate characterized by a brief, mild, rainy
winter and long warm summer months (May to September) with clear sky, high radiation, and no rain.
The picture changes in October when a windy and relatively rainy winter begins. Three main factors
that control the climate in this region include the following (El-Raey et al., 2006):
1) The general circulation of the atmosphere;
2) The proximity to the Mediterranean Sea; and
3) The orientation of the coast, with respect to wind direction.

This section will present successively the current climatic situation in Alexandria, with specific
emphasisis on extreme climate events, then the climate change projections for the 2030 situation.
The effect of climate change on sea level rise and health deseases will also be addressed.

6

For more information on Climate of Egypt, please see attached Climate Annex.
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1.2.

Climatic Evolution Observed for the Alexandria Station
1.2.1. General Information about Alexandria Meteorological Data
The data collected and used in the analysis of this report was obtained from published meteorological
data from in El-Nouzha airport, Alexandria. The collected data included daily values from 1957 to
2009, based on average of four measurments per day with some missing years. This data is verified
as it will be shown later in this section. The purpose of this analysis was to indicate main trends rather
than conclusive.
1.2.2. Climate of Alexandria
Alexandria, as mentioned above, has a semi-arid Mediterranean climate - Subtropical characterized
by mild, variably rainy winters and hot, dry summers. January and February are the coolest months
with daily maximum temperatures typically ranging from 12°C to 18°C. Alexandria experiences violent
storms, rain and sometimes hail during the cooler months. July and August are the hottest and most
humid months of the year with an average daily maximum temperature of 30°C. Autumn and spring
have temperatures averaging about 22°C.

Table 1: Average monthly meteorological parameters over Alexandria
Weather data for Alexandria
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year

Average high °C
(°F)

18.1
(65)

19.3
(67)

20.9
(70)

23.0
(73)

25.5
(78)

28.6
(83)

29.7
(85)

30.4
(87)

29.6
(85)

27.6
(82)

23.7
(75)

19.8
(68)

24.93
(77)

Daily mean °C
(°F)

13.75
(57)

14.3
(58)

15.85
(61)

18.7
(66)

21.55
(71)

24.45
(76)

26.25
(79)

26.75
(80)

25.45
(78)

22.7
(73)

19.2
(67)

15.35
(60)

20.35
(69)

Average low °C
(°F)

9.1
(48)

9.3
(49)

10.8
(51)

13.4
(56)

16.6
(62)

20.3
(69)

22.8
(73)

23.1
(74)

21.3
(70)

17.8
(64)

14.3
(58)

10.6
(51)

15.78
(60)

Precipitation mm
(inches)

55.2
(2.17)

29.2
(1.15)

14.3
(0.56)

3.6
(0.14)

1.3
(0.05)

0.01
(0)

0.03
(0)

0.1
(0)

0.8
(0.03)

9.4
(0.37)

31.7
(1.25)

52.7
(2.07)

195.94
(7.71)

Avg.
precipitation
days

11.0

8.9

6.0

1.9

1.0

0.04

0.04

0.04

0.2

2.9

5.4

9.5

46.92

Source: World Meteorological Organization (UN) 27-09-2009

Cloud Cover:
The diurnal variation of cloud in winter reaches to the maximum in early morning, due to the existence
of the low sheet type Stratus cloud. This cloud normally dissolves after sunrise. There is a second
maximum that occurs in the afternoon due to the development of Cumulus cloud. In summer the
maximum cloud cover occurs in the afternoon, while in the evening the sky is nearly clear.
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Solar Energy:
The amount of solar energy received per unit area is now generally recognized at the background of
quantitative analysis of most of the micro-climatic phenomena of the lower atmosphere. There is no
difference in sunshine duration from place to place along the coast, or from year to year. Cloudiness
is greater near the coast than inland. Strong radiation prevails from March till the end of September,
with a peak in June-July. November, December and January are relatively cloudy (El-Raey et.al,
2006).

Air temperature:
The variations of the monthly mean air temperature indicate a range from a minimum of 12.0 °C in
January to a maximum 27.0 °C in July and August as average values.

Relative humidity and rainfall:
The monthly mean of relative humidity in 2002, shows that the lowest values are recorded in autumn,
due to the hot waves which invade the area during this season. The rainfall ranges from 180 to 250
mm/year, with most of the precipitation occurring in January (about 120 mm). The maximum daily
rainfall in the area is 10-12 mm.

Winds:
Prevailing wind speed shown represents an important factor in the development of air pollution
dispersion models. The annual average wind speed is 4.37 meter/second with a maximum value in
the summer season (June through August and March) and a minimum value in the winter months of
November and December. The prevailing wind direction is from North to northwest.

Meteorological Data Verification:
As it was mentioned earlier the data used was originally obtained at ElNouzha airport, Alexandria
through the internet. Since there is no evidence to indicate whether this data is homogenized or not,
data verification was conducted through a comparative analysis between the published data on a
daily basis on the World Metrological Organization (WMO) website and data published from the
ElNouzha airport station. Data from Egyptian Meteorological Authority EMA and from National
Oceanic and Atmospheric Administration NOAA on a monthly basis is shown in tables 2 and 3.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 55
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Table 2: Comparison between internet data and EMA data for year 1958
Month
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
Oct.
Nov.
Dec.
Ann.

Site
13.86
14.47
17.25
18.92
21.57
24.4
26.13
26.9
25.21
23.18
19.79
16.2
20.66

Mean
EMA
13.8
14.67
17.25
18.98
21.6
24.47
26.01
26.86
25.3
23.18
19.8
16.18
20.68

Dif.
0.06
-0.2
0
-0.06
-0.03
-0.07
0.12
0.04
-0.09
0
-0.01
0.02

Temperature °C
Maximum
Site
EMA
Dif.
18.58 18.7
-0.12
20.64 20.90 -0.26
24.61 24.7
-0.09
24.46 24.8
-0.34
26.36 26.3
0.06
28.9
28.7
0.2
29.8
29.43 0.37
30.4
30.38 0.02
28.77 29.2
-0.43
27.43 27.3
0.13
24.57 24.5
0.07
22.05 22.1
-0.05
25.55 25.58

Site
10.03
10.06
11.9
14.24
17.17
19.4
22.4
23.6
21.33
19.19
15.74
11.9
16.41

Minimum
EMA
9.8
10.0
11.5
14.1
17.1
19.74
22.44
23.67
21.3
19.2
15.7
11.9
16.37

Precipitation mm
Dif.
0.23
0.06
0.4
0.14
0.07
-0.34
-0.04
-0.07
0.03
-0.01
-0.03
0

Site
50.8
8.9
0
0.25
0
0
0
0
0
0
8.12
52.83
120.9

EMA
53.1
9.5
0.2
0.3
0
0
0
0
0
4.7
22.6
25.4
115.8

Dif.
-2.3
-0.6
-0.2
-0.05
0
0
0
0
0
-4.7
-14.48
27.43

Sources (WMO, EMA and NOAA) The data were reported by the weather station: 623180 (HEAX) Latitude:
31(2) | Length: 29.95 | Altitude: - 2; Internet site:
http://www.Tutiempo.net/en/climate/Alexandria_nouzha/623180.htm

Table 3: Comparison between internet data and EMA data for year 1964

Month
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
Oct.
Nov.
Dec.
Ann.

Temperature °C
Mean
Site
EMA
12.87 12.8
13.92 13.7
16.58 16.5
17.98 17.8
20.73 20.5
24.19 24.2
25.41 25.5
26.27 26.2
24.35 24.4
22.47 22.0
18.56 18.8
15.08 15.0
19.87 19.78

Dif.
0.07
0.22
0.08
0.18
0.23
-0.01
-0.09
0.07
-0.05
0.47
-0.24
0.08

Maximum
Site
EMA
17.67 17.9
18.99 19.1
22.0
22.1
23.53 23.4
26.34 26.4
29.1
29.5
29.75 29.7
30.87 30.9
28.73 28.7
28.33 28.4
24.15 24.2
20.12 20.3
24.97 25.05

Dif.
-0.23
-0.11
-0.1
0.13
-0.06
-0.4
0.05
-0.03
0.03
-0.07
-0.05
-0.18

Minimum
Site
EMA
8.49
8.4
9.08
9.0
11.83 11.8
13.3
13.1
15.0
14.8
20.22 20.1
22.35 22.4
22.64 22.5
20.24 20.2
15.9
15.9
13.55 13.3
10.15 10.1
15.23 15.13

Dif.
0.09
0.08
0.03
0.2
0.2
0.12
-0.05
0.14
0.04
0
0.25
0.05

Prec. mm
Site
EMA
40.39 41.1
51.3
58.4
7.12
7.3
0
0
12.95 2.6
0
0
0
0
0
0
1.27
1.3
0.51
0.4
60.71 60.4
126.3 120.5
300.6 292.0

Dif.
-0.71
-7.1
-0.18
0
10.35
0
0
0
-0.03
0.11
0.31
5.8

Sources (WMO, EMA and NOAA)

As shown in tables 2 and 3 there are some differences between the data from the two sources, but
the differences are acceptable.
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1.2.3. Climatic Trends
The data available from the years 1957 to 2009 is recorded daily with some years missing. In
Appendix 1, time series analysis for the mean temperature and the precipitation for two periods, from
1907 – 2009 and from 1980 to 2009, are presented. The main conclusions are presented below:
•

the mean temperature increased by 0.33°C/decade in the period from 1980 – 2009,

•

heat waves increased by 17.8 days/decade in the period from 1980 – 2009,

•

cold waves decreased by 3.7 days/decade in the period from 1980 – 2009,

•

precipitation increased by by 1.85 mm/decade in the period from 1907 – 2009, and
1.77mm/year in the period from 1980 – 2009, which is an insignificant increase,

Data were not homogenized, however, it is suggested that it gives good indication of the trends.

1.3.

Extreme Meteorological Events in the Present Situation
After describing the trends in temperatures, heat and cold waves in Alexandria, it is important to
describe the extreme meteorological events in the present situation to better observe the future
scenarios. In the following section, time series analyses for the maximum and minimum temperatures
are presented, followed by rainfall analysis.
1.3.1. Maximum Temperature Trends
Figure 2 shows the trend of maximum temperatures indicating that the maximum temperature
increased by 0.29°C/decade in the period from 1980 - 2009.

Figure 2: Observed maximum temperature trend in the period 1980 – 2009
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1.3.2. Minimum Temperature Trends
Figure 3 shows the trend of minimum temperatures indicating that the minimum temperature
increased by 0.47°C/decade in the period from 1980 - 2009.

Figure 3 : Observed minimum temperature trend in the period 1980 - 2009

1.3.3. Maximum daily rainfall
The maximum annual daily rainfall values within the available data (daily data available at Alexandria
from 1907 to 2009) are shown in Figure 4. Some years are missing and some are with incomplete
data. The data set covers a period of 80 years. Three main extreme values happened in the last 20
years: 102 mm in 2004; 99 mm in 1998; and 93 mm in 1984.

Figure 4 : Maximum annual daily rainfall for the period 1907-2009 at Alexandria (mm)
110

Maximum anual daily rainfall (mm)

100
90
80
70
60
50
40
30
20
10
0
1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

Time (year)

Source: Second National Communication of Egypt, to the UNFCCC, 2010

A statistical analysis of these values with different distribution laws leads to the results given in figure
5. Best fits are obtained with the Galton distribution law, and with the two parameters exponential law,
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which give similar values for return periods from 2 years to 100 years. Other distribution laws were
tested, but the fitting were poor.

Figure 5 : Adjustment of Galton and 2-parameters exponential laws on the maximum daily rainfall at
Alexandria
Alexandria - Maximum anual daily rainfall - Period 1907-2010 (80 years)
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(Period 1907-2010 – 80 years: Source: Second National Communication of Egypt, to the UNFCCC, 2010).

Analysis was also performed for the period of 40 years from 1960-2000, in order to be consistent with
the results of climate change analysis on extreme values. Due to the lack of data over many years
within this 40 year period, the period had to be extended to 1940 in order to get an accurate 40 year
data sample. Results of this statistical analysis are shown in table 4. For this period, best fits are
obtained with the same laws: 2 parameters exponential and Galton laws, the Galton law giving
however lower values.
Table 4 : Statistical analysis of maximum annual daily rainfall at Alexandria (1940-2000 years) (mm);

Return period

Galton distribution law

2 parameters exponential distribution law

Central value and 90% confidence interval
2 years

26 ( 18 – 33)

24 (18 – 30)

5 years

39 (30 – 48)

41 (32 – 50)

10 years

49 (38 – 60)

54 (42 – 66)

20 years

59 (47 – 71)

67 (51 – 82)

50 years

73 (58 – 87)

84 (64 – 103)

100 years

84 (68 – 100)

96 (74 – 119)

Source: http://www.Tutiempo.net/en/climate/Alexandria_nouzha/623180.htm and
http://docs.lib.noaa.gov/rescue
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1.4.

Climate change Projections for 2030
Maroc Météo, the AASTMT and the Egyptian National Meteorological Authority have contributed to
this section.
1.4.1. Introduction
The global warming of climatic system is, as per the IPCC Working group 1, undoubtedly and
its effects are at least partially inevitable in the coming 50 years. Several related changes are
noticeable at the regional as well as continental levels (IPCC, 2007a). These results have led to
extreme weather conditions such as drought, over precipitations and heat waves
Africa is the most vulnerable continent in terms of climate change (IPCC, 2007b) and the global
st
warming during the 21 century will be much more severe than the way it is currently and will be felt
much more in the sub tropical regions than the tropical ones. The total quantum of rainfall is supposed
to reduce further in the major part of Mediterranean Africa and North of Sahara (Christensen and al.,
2007).
Therefore, the application of adaptation strategies trying to minimize negative impacts of climate
change on populations and ecosystems becomes a pressing need of the hour and currently a large
number of countries are conscious of such a need. In order to achieve that the decision makers need
to have climatic information at local levels
Given the fact that Global Circulation Models (GCM) are generally operated with spatial resolutions
with hundreds of kilometers in the best cases and about 250 km in most of the cases, therefore such
GCMs are not capable of operating at local spatial levels. Their data can not be directly used for
instance to feed into the impact models which represent an inevitable passage in the entire
elaboration process of strategy adaptation, which needs to be objective and properly put in place.
Here we need to remember that the forcing and the circulations that modify regional climate take
place generally at smaller spatial scales compared to those spread over 100s of kilometers and may
lead to rather different regional climatic conditions than what is said to be the overall climatic
condition.
The techniques of spatial downscaling are used to obtain high resolution climatic data. These are
used mainly to elaborate climatic change scenarios at narrow fine tuned spatial scales from the low
resolution GCM data. The techniques of spatial scale reduction are divided in statistical methods
(Wilby and al. 1998, Wilby and al. 2002) and dynamic methods including high resolution GCM
(Cubasch and al., 1995), variable resolution GCM (Déqué and Pièdelièvre, 1995 ; Mc Gregor, 1996)
and limited area regional climatic models (Giorgi, 1990 ; Jones and al., 1995 ; Rummukain and al.,
2001).
The statistical methods incorporate the techniques of meteorological typology, regression or transfer
functions and stochastic generator of meteorological data. The reduction technique of statistical scale
(Hewitson and Crane, 1996) consists in establishing statistical relation between the predictants (for
instance, precipitations at a given space) and predictors (for instance, geo potential at 500 hPa), and
can be obtained from GCM simulations. This relation derived on the basic observations is then
applied to MCG future climate simulation data in order to obtain information regarding climatic
changes at local scale. Apart from the basic method that has just been described, it is possible to find
other variants (Giorgi and al., 2001; Christensen and al., 2007). Statistic scale reduction methods,
which are less expensive in terms of calculation, may easily be applied to GCM results, provided that
the long series of meteorological observation parameters such as precipitations or temperatures are
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available. Such measures are however based on the fundamental hypothesis that the statistical
relation “predicant – predictors” established with the help of current climatic information, is equally
valid for the future (Hewitson et Crane, 1996; Solman et Nuñez, 1999). This hypothesis is however
difficult to verify given the fact that increased green house gas emission forcing would be very
different from the conditions found in old archival data used for establishing statistical downscaling
models.
The dynamic methods using high resolution GCMs are the more expensive regional tools and need
generally larger computer systems. It may be pointed out here that dynamic and statistical
downscaling methods can be used in a combined or a successive manner. These are so called
mixed downscaling techniques.
The data and methodology used in the framework of the present study, especially climate models
and IPCC scenarios, are presented in Appendix 1.

1.4.2. Main Climate Change Projections
Based on relatively low resolution GCM, the fourth IPCC report projects, under the A1B scenario, for
the end of the century, a summer warming of 3-4 °C for Alexandria, Rabat, Casablanca and Tunis.

Figure 6 : Projected precipitation and temperature changes in Africa for the period 2080-2099 in
comparison to 1980-1999.
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The changes are averaged on 21 IPCC models. The bottom figures represent the number of models
projecting a precipitation augmentation (IPCC, 2007).

Figure 7: Results of application of regional circulation model to the Middle East region
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Recent regional climate model projections (IISD, 2009) (Rising Temperatures, Rising Tensions Oli
Brown and Alec Crawford, 2009) based on preliminary results of application of Regional Circulation
Models (RCM) indicate that: by the middle of the century, the Middle East region is expected to get
hotter across all seasons; models predict an increase of between 2.5 to 3.7°C in summer, and 2.0 to
3.1°C in winter (see above figure). It will also re sult in a global increase in sea levels, which are
expected to rise between 0.1m and 0.3m by 2050.10. The region will get drier, with significant rainfall
declines in the wet season outweighing slight increases during the drier summer months. Meanwhile,
the distribution of rains will change (moving to the north). The weather is also likely to become more
unpredictable, with the region experiencing an increase in extreme rainfall events.
With regard to the current study, the future changes for horizon 2030 (2021-2050) of climatic
characteristics are assessed with the help of precipitation, maximum and minimum daily data
obtained as a result of dynamic downscaling method and obtained from ENSEMBLES models with
the scenario A1B and ARPEGE-Climat model with A1B, A2 and B1 scenarios (see the above ‘Used
data and methodology’). Besides the pluviometric accumulation, average temperatures, frequencies
and recurring extreme periods, different climatic change indices (STARDEX indices, Goodess 2003)
have been considered in this report. These indices are calculated for each model-scenario for the
period (considered as present or reference) 1961-2000 and for the future period (2021-2050). The
changes are obtained by comparing these two periods.

1.4.3.

Situation for Alexandria

The projected changes through different model scenarios for the pre-quoted climatic change indices
with regard to Alexandria site are presented hereafter.

Figure 8 : Projected changes as per the different model scenarios, for average seasonal and annual
temperatures (left, °C) and for the average annual number of days of summer heat wave (right).

Winter: blue bars, Spring: red bars, Summer: orange bars, Autumn: maroon bars, Annual: violet bars.

Projected warming for six model scenarios refer to, as expected, all seasons of the year. The average
temperature increase range is between 1.4 to 2.5 °C for summer and between 1.2 and 1.9 °C for the
annual scale. Winter cold waves do not show any notable change. Only two model scenarios
(ARPEGE-A1B and ARPEGE-B1) out of six show a change for summer heat waves (an average
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increase of 1 to 3.5 days), to be compared with an average number of 25 annual heat days. It is
recalled that a heat wave is defined as a succession of minimum 6 days with a maximum temperature
exceeding the normal climatologic temperature by at least 5°C.

Figure 9 : Projected Changes, as per the different model scenarios, for average annual and seasonal
precipitations (%).

Winter: blue bars, Spring: red bars, Summer: orange bars, Autumn: maroon bars, Annual: violet bars.

In terms of pluviometric evolution, whether it is for accumulation or for maximum or average period of
drought, a lack of consensus is noted between different model scenarios and this for all the seasons
as well as the whole year. The same observation is valid for number of strong precipitation events and
th
their amplitude represented by 90 percentile.

Figure 10 : Projected Changes, as per the different model scenarios, for the maximum (pxcdd) and
average (pdsav) period of drought for all four seasons as well for the year (days).

Winter: blue bars, Spring: red bars, Summer: orange bars, Autumn: maroon bars, Annual: violet bars.
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Figure 11 : Projected Changes (%), as per the different model scenarios, for the number of strong
precipitation events (pnl90) and for the 90th percentile (pq90).
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Winter: blue bars, Spring: red bars, Summer: orange bars, Autumn: maroon bars, Annual: violet bars.

In summer, the projected changes for pluviometric accumulation, drought and strong precipitation
periods do not bring out a big consensus among different model scenarios. The strong increases of
pluviometric accumulation in summer need to be considered with precaution taking into account the
low rainfall amount in this season.
7

The Student test applied to average daily temperatures obtained from each of the model scenarios
concludes a significant increase up to 95% of average change of temperature obtained from each
model scenario. This test carried out for precipitations has shown the same result, except for the
ARPG_A1B model for which the projected changes have been judged insignificant. Even if in most of
the cases the differences between the present and future in terms of average temperature and
precipitations are statistically significant (up to 95%), the degree of similarity between model
scenarios on the sign and amplitude of change remains an important criterion.

7

The Student's t-test deals with the problems associated with inference based on "small" samples. A t-test is any statistical
hypotesis test in which the test statistic follows a Student’s t distribution, if the null hypothesis is supported. It is most commonly
applied when the test statistic would follow a normal distribution if the value of a scaling term in the test statistic were known.
When the scaling term is unknown and is replaced by an estimate based on the data, the test statistic (under certain conditions)
follows a Student’s t distribution.
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1.4.4.

Specific Case of Extreme Rainfall Events

The extreme climatic events such as droughts, heat waves, strong precipitations, etc. generate an
increasing interest these days. As per the definition, extreme events are rare, however they do occur.
We need therefore to know if such extreme climatic events, especially for the precipitation, are going
to increase in frequency and amplitude. The strong precipitation and flood occurring due to such
events cause, at times, a great deal of material and human loss.
The extreme precipitation events may be defined in different manners, by fixing a threshold data, or
by using probability function or by choosing such events whose probability is less than a particular
threshold which may be 5% or 10%.
The estimation of the frequency of rainfall could be carried out with the help of different approaches.
From a period of observation of N years, the maximum annual precipitation of 24 hours is considered
in this study. A probabilistic model is then worked out to describe the frequency of such data. This
model is utilized to estimate the period of recurrence more than or equal to a fixed value.
In the literature, the modeling of extreme precipitation events is better approached by the GEV law
(Generalized Extreme Value). This law allows taking into consideration the recent events and a
proper adjustment of rare events (Overeem, 2009; http://climatheque.meteo.fr/Docs/DRR2Rmethode.pdf ). In this study, maximum daily annual precipitation is adjusted through the GEV
distribution. Starting from the observed series, the determination of recurring duration of extreme
events help us to calculate the values of parameters that tend to exceed the average once every 10,
20, 50 or 100 years. However, let us note here that the calculation of precipitation amount for 50 or
100 years pose generally methodological problems within the framework of a non-stationary climate.
The extrapolations beyond 4 times the length of the series are not trustworthy.
We have carried out several tests on daily precipitation at Rabat (Morocco) to deduce the one that
would adjust better to extreme events. The results show that, as per the two criteria of KolmogorovSmirnov and Anderson Darling, the GEV distribution is better for modeling the daily extremes.

Table 5 : Rabat sample adjustment quality with Kolmogorov Smirnov and Anderson Darling tests

Distribution
Gen. Extreme Value
Lognormal
Log-Pearson 3
Gumbel Max
Weibull

Kolmogorov Smirnov
Statistics
Row
0,11473
1
0,12787
3
0,12735
2
0,13295
4
0,1543
5

Anderson Darling
Statistics
Row
0,63572
1
0,70477
2
0,77767
3
1,3489
4
3,2222
5

For different recurring periods, the amplitude of daily associated precipitation, with confidence interval
corresponding to 95%, has been calculated from the data obtained from six model scenarios (see
following table). This has been done for the reference period 1961-2000 and also for the future period
of 2021-2050. Some confidence intervals are very large, mainly for recurring durations of 50 and 100
years, which indicates a great uncertainty of the value of corresponding precipitation.
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Table 6 : Extreme daily precipitation (mm) depending on the recurring period (year) 10, 20, 50 and 100
years estimated with GEV law, with confidence interval corresponding up to 95%.

Recurring period with confidence interval up to
95% 
Alexandria
CNR_A1B
1961-2000
CNR_A1B
2021-2050
MET_A1B
1961-2000
MET_A1B
2021-2050
MPI_A1B
1961-2000
MPI_A1B
2021-2050
ARPG_A2 B1 A1B
1961-2000
ARPG_A2
2021-2050
ARPG_B1
2021-2050
ARPG_A1B
2021-2050

10

[

]

20

[

]

50

[

]

100

[

]

12
10
12
13
13
21
13
14
13
14

9
8
8
8
11
11
10
10
11
10

16
12
15
18
15
30
16
18
15
17

16
11
15
17
15
30
16
17
15
16

10
9
9
8
12
11
11
10
12
12

21
14
21
26
19
48
21
24
18
21

21
13
20
25
18
47
20
22
17
20

9
9
9
6
12
7
11
9
12
12

32
18
32
44
23
86
29
35
21
28

25
15
25
33
20
65
23
25
18
22

8
9
7
1
12
0
10
6
12
12

43
21
44
65
27
132
37
45
24
33

For each recurring period, the columns showing ‘[‘represent the lower margin of confidence interval related to the
precipitation value of the earlier column and those showing ‘]’ represent the upper margin.

The graph in Figure 12 represents the different curves of GEV distribution for future and present
climate simulated by different model scenarios. The extreme pluviometric changes related to recurring
periods of 20, 50 or 100 years depend on the model and on the scenario. For a given recurring
period, some model scenarios show an increase of extreme precipitation phenomena, while others on
the contrary show a decrease.
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Figure 12: Extreme daily precipitation (mm) depending on the recurring period (year) for present
(pale curve) and future (dark curve) climate obtained from different model scenarios for Alexandria.
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Table 7 : Change, in percentage, in extreme daily precipitations between the present (1961-2000) and the
future (2021-2050) corresponding to different model scenarios and at different recurring periods.

Recurring period in number of years 
City
Model/ Scenario

Alexandria

CNR_A1B
MET_A1B
MPI_A1B
ARPG_A2
ARPG_B1
ARPG_A1B

10

20

50

100

-21
7
59
8
1
5

-27
13
96
9
-7
3

-35
22
161
9
-17
-2

-41
30
230
9
-23
-4

Table 7 shows a given recurring period, the percentage of change of future extreme amplitudes in
comparison to the reference period. For Alexandria, four models show an increase in the amplitude of
extreme events and two show a decrease.
The inverse reasoning which consists in fixing a value of extreme data and studying the projected
changes for the corresponding recurring period, lead to the same results: a divergence between the
model scenarios. It may be noted that the changes for the periods of less intense recurring events are
less pronounced than stronger events.
Typical temporal disparities of daily extremes for the present (1961-2000) and the future (2021-2050)
and as per 6 model scenarios are presented below. These results do not show any big similarity for
the development of extreme variances. It is however important to know that modeling the
extremes is by nature associated to a large error margin. Fewer values are used to estimate the
GEV distribution parameters. In addition, it must be borne in mind that the hazard is especially difficult
to investigate since it is related to small-scale phenomena, that even the models with 25 or 50 km
resolution reproduce only very imperfectly.
Therefore, the results have to be considered with precaution for the large recurring periods.

Table 8 : Typical disparities of daily precipitation extremes (mm) for the present (1961-2000) and the
future (2021-2050) for the 6 model scenarios.

Alexandria
CNR_A1B
MET_A1B
MPI_A1B
ARPG_A1B
ARPG_A2
ARPG_B1

Present
3.8
3.9
4.1
4.4
4.4
4.4

Future
2.9
5
13.4
4.7
4.8
4.1

The annual precipitation distribution through Cumulative Distribution Function (CDF), which
provides information on the probability of having an accumulation not exceeding any particular value,
is presented in Appendix 1.
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1.5.

Climate Change and Rise in Sea Levels
General information about past evolution of sea level rise and its main causes is provided in
Appendix 1. The present section focuses on projections.

1.5.1.

IPCC Projections

Table 9 and Figure 13 show the projections of the mean sea level obtained by applying the different
scenarios tested in the SRES (Special Report on Emissions Scenarios, 2000) for the 21st century due
to thermal expansion of the oceans and melting of the glaciers, based on report AR4 AOGCM (see
sections 10.6.1, 10.6.3 and 10.6.4 in “Contribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change, 2007).
Table 9 : Projection of sea level rise on the basis of the SRES scenarios

The upper line gives the values at 5% and 95% confidence levels for the 1980 - 1999 and 2090-2099 periods. The lower line
gives the difference in the sea level rise for the 2090 – 2099 period in mm/year (see section 10.6 .5 of AR3 for more details).
Ranges covered by the models not taking into account future rapid dynamic changes in the ice flow.

Figure 13 : Projections and uncertainties (5% - 95% confidence) of the rise in mean sea level and the
factors responsible for the rise in levels for the 2090-2099 period for the six SRES scenarios
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Lacking relevant published data, the sea level rise projections take into account neither the
uncertainties associated with climate / carbon cycle feedback or the totality of the effects of
the change in the ice sheet flows. Consequently, the upper values of the ranges must not be
considered as upper limits of the rise in sea level. Although the projections take into account the
increase in glacial flow in Greenland and Antarctica at the rates observed between 1993 and 2003,
the phenomenon could nevertheless speed up or slow down. If it were to increase linearly with
the average warming at the surface of the globe, the maximum sea level rise values according to the
SRES scenarios indicated in Table 9 would increase from 0.1 m to 0.2 m.
The IPCC report AR4 summarizes the values of the change in water level (see Table 10) for two
periods (1961 to 2003 and 1993 to 2003). For the 1961-2003 period the total contributions due to
thermal expansion and melting of the glaciers and ice caps are estimated at 1.1± 0.5mm compared
with the 1.8 mm ± 0.5 mm observed during the same period. In the IPCC report AR4 the authors
conclude that the total rise over these forty years is not very reliable. For the 1993-2003 period, the
total rise is 2.8 ± 0.7 mm, in closer agreement with the values measured with the spatial altimeters
which give 3.1 ± 0.7 mm for the same period.
Table 10 : Estimation of the different contributions to the rise in sea level for the periods 1961-2000 and
1993- 2003 (IPCC, 2007)

Rise in sea level (mm per year )
Source

1961-2003

1993-2003

Reference

Thermal expansion

0.42 ± 0.12

1.6 ± 0.5

Section 5.5.3

Glaciers and ice caps

0.50 ± 0.18

0.77 ± 0.22

Section 4.5

Greenland

0.05 ± 0.12

0.21 ± 0.07

Section 4.6.2

Antarctica

0.14 ± 0.41

0.21 ± 0.35

Section 4.6.2

1.1± 0.5

2.8 ± 0.7

(a) 1.8 ± 0.5

(b) 3.1 ± 0.7

0.7 ± 0.7

0.42 ± 0.12

Sum
Observed
Difference
(observed–measured)
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1.5.2.

New Results
8

New results have been published since the publication of the IPCC AR4 of 2007. A. Cazenave et al
for example have published the measured variations in water levels based on spatial altimetric data
for two periods: 1993 – 2007 and 2003 – 2007.
Table 11: Variations in water levels for the 1993-2007 and 2003-2007 periods
Rise in sea level (mm/year)

1993 - 2007

2003 - 2007

1

Observed

3.3 ± 0.4

2.5 ± 0.4 (Ablain et al, 2009)

2

Thermal expansion

1.0 ± 0.3

0.25 ± 0.8 (Argo)

3

Ocean mass

2.3 ± 0.5

2.1 ± 0.1 (GRACE data with -2mm/an of GIA
correction, Cazenave et al, 2009)

4

Glaciers

1.1 ± 0.25

1.4 ± 0.25 (Cogley, 2009)

5

Ice caps

0.7 ± 0.2 (compilation of
published results)

1.0 ± 0.2 (compilation of published results)

6

Continental water

-

-0.2 ± 0.1

Sum (2+4+5+6)

2.85 ± 0.35

2.45 ± 0.85

GIA : Glacial Isostatic Adjustment

Figure 14 : Mean rise in sea level between January 1993 and December 2008

The data in blue are the data obtained every 10 days. The red line corresponds to the data smoothed over 90 days) – Glacial
Isostatic Adjustment (GIA) has been taken into account.

8

A. Cazenave, W. Llovel, Contemporary sea level rise, Annu. Rev.MZR.Sci.2010. 2: 239-269
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Between 2003 and 2008, the global mean sea level continued to rise at a rate of 2.5 mm/year on
average (see Figure 14). Yet the steric contribution (effect of expansion of the water) only accounts
for 0.4 mm/year of this rise. Using the observations of the new space mission GRACE, the
researchers of LEGOS and CLS have shown that it is the accelerated melting of continental ice that
explains the large majority of the rise in sea level during the last 5 years. And this phenomenon is
going to continue.

1.5.3.

Specific Case of the Mediterranean Basin

Scientific researches are currently carried out for trying to evaluate the climate change effect on the
physical parameters (temperature, salinity) and sea level rise in the Mediterranean basin. The
following works can be quoted:
-

Sammari, C.; V.G, Koutitonsky. ; M. Moussa (2006), Sea level variability and tidal resonance
in the Gulf of Gabes, Tunisia, Continental shelf Research, 26, 338-350.

-

Marcos, M. and M.N Tsimplis (2008), Comparison of results of AOGCMs in the Mediterranean
Sea during the 21st century, Journal of geophysical research, vol.113, 1-21.

-

Pirazzoli, P.T.; A. Tomasin, (2008), Return time of extreme sea levels in the central
Mediterranean sea, Bollettino Geofisico, a.XXXI, n. 1-4 gennaio, 19-33.

-

Artale, V.; S. Marullo.; R. Santelori, (2009), Global and regional warming: the Mediterranean
sea case from observation and modeling, IOP Conf. Series: Earth and Environmental
Science, 6.

-

Artale, V.; A. Carillo.; G. Sannino (2009), The Gibraltar strait: a Tipping element of the
Mediterranean Ocean Circulation, IOP Conf. Series: Earth and Environmental Science, 6.

These works mostly concern the northern side of the Mediterranean Sea, are rather general and
mainly deal with past evolutions. It seems that only one project (M. Marcos and M.N. Tsimplis, 2008)
deals with projections of climate change effects, through modeling based on three SRES scenarios.
The results show that, for the 2100 horizon, the sea level should rise between 3 cm and 61 cm. These
results vary largely, as well regarding values (some negative values, showing a fall in sea level, are
obtained), as for their geographical distribution. Moreover, these simulations cannot be extrapolated
to coastal areas, owing to high regional variabilities. It is therefore not possible to use these
results in the framework of the present study.

1.6.

Climate Change and Health Issues
The health impacts of climate change are diverse and wide-ranging. Weather and climate are among
the factors that determine the geographic range and incidence of several major causes of ill health,
including undernutrition, which affects 17% of the world's population in developing countries (FAO,
2005); diarrhoeal diseases and other conditions due to unsafe water and lack of basic sanitation,
which cause 2 million deaths annually, mostly in young children (Kosek M. et al, 2003); and malaria,
which causes more than a million childhood deaths annually (WHO, 2004).
Table 12 provides the annual incidence of diarrhoeal disease, malnutrition, and malaria by WHO
Region in 2002. The numbers for malnutrition include only stunting and wasting, not all the health
impacts, and do not include micronutrient deficiencies, such as of zinc and vitamin A, which also have
serious health consequences.
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Table 12 : Annual incidence of diarrhoeal diseases, malnutrition (stunting and wasting) and malaria by
WHO sub-region, 2002

Subregion

Population
(000s)

Diarrhoeal
(000s)

Afr-D

301 878

389 842

Afr-E

353 598

Amr-A

diseases Malnutrition
(000s)

Malaria
(000s)

Total
(000s)

5 033

180 368

575 243

449 192

5 912

176 651

631 755

328 176

77 578

137

0

77 715

Amr-B

437 142

390 590

1 124

2 866

394 580

Amr-D

72 649

73 271

603

718

74 592

Emr-B

141 835

96 324

585

363

97 272

Emr-D

351 256

345 605

4 523

16 898

367 026

Eur-A

412 512

79 219

134

0

79 353

Eur-B

219 983

78 509

649

0

79 158

Eur-C

241 683

47 886

262

0

47 912

Sear-B

297 525

179 213

2 251

6 951

188 415

Sear-D

1 262 285

1 051 538

18 040

21 568

1 091 146

Wpr-A

154 919

30 026

64

6

30 096

Wpr-B

1 546 770

1 225 188

7 035

1 838

1 234 061

World

6 122 211

4 513 981

46 352

408 227

4 968 560

Source: http://www.who.int/healthinfo/bodestimates/en/index.html; accessed 20 May 2007

Egypt is included in the Eastern Mediterranean – D group [Emr-D], showing high child and high adult
mortality.
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change concluded that
climate change has begun to negatively affect human health, and that projected climate change will
increase the risks of climate-sensitive health outcomes. The climate change-related health
consequences of malnutrition, diarrhoeal diseases, and malaria are projected to pose large risks to
future populations, particularly in low-income countries in tropical and sub-tropical regions.
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1.7.

Conclusion
The four coastal cities of North Africa, Alexandria, Casablanca, Rabat and Tunis have recorded a
warming scenario during the last five decades. At the annual scale, the average temperature has
increased to the tune of 0.2°C /decade in Alexandri a during the period 1968-2007. In terms of rainfall,
no confirmed tendency is observed.
The future projections for the horizon 2030 (2021-2050) have been assessed with the help of dynamic
downscaling data obtained from 3 European project models ENSEMBLES with the A1B scenario and
the Météo-France ARPEGE-Climat model with the A1B, A2 and B1 scenarios. The changes have
been calculated in reference to the reference period (1961-2000).
According to the present downscaling results, the city of Alexandria is projected to be warmer by
about 1.2 to 1.9 °C with respect to the average ann ual temperature. With this nature of research
where, let us recall, the natural climate variability is not really negligible vis-à-vis climate change
signals, the model scenarios considered do not show any important consensus for the changes in
precipitations.
The changes in strong precipitation events remain associated to a large margin of uncertainties (lack
of consensus between the models or large range of values). The daily extremes do not evolve the
same way either for all the model scenarios. The uncertainties remain as much for the amplitudes as
for recurring periods and even for the variability.
In addition, it must be borne in mind that the data series considered in the present report are not
homogenized. Therefore, the trends described above must be considered with care.
It is worth mentioning that the Nile main source is under a tropical climate, which will not respond to
climate change like the Mediterranean climate. The downstream Nile basin could thus see a
significant decrease in precipitations without suffering from reduced water resources. Importantly,
climate downscaling on the entire Nile basin would be necessary to assess climate change impacts
on water resource on this region. A hydrological model of the river would also be required to assess
this risk. This is however clearly out of the scope of the present study.
Finally, it must be recalled that climate changes will result in significant sea level rise and aggravation
of climate related diseases (malnutrition, diarrheic diseases, malaria …).
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2.

Stability of Natural Grounds

2.1.

Introduction
The northern part of Egypt including the north Western Desert, the Nile Delta and north Sinai lie in the
unstable shelf area. The Nile delta on the Alexandria coast is located on the Egyptian Mediterranean
coast on northeast Africa. It is composed of protruding promontories separated by embayment and
saddles. This region is characterized by a comparatively mild topography and low relief, rarely
exceeding +100m.
This section presents the regional geological settings and topography of the coastal zone of the Nile
delta from Port Said east to Alexandria west as well as the main geo-morphological and quaternary
stratigraphic units that are exposed in the north-western Egyptian Mediterranean coast. The types of
soil that are related to their model of formation and geomorphic pattern of the study area have been
considered. More information about the geomorphological and stratigraphic context is to be found in
Appendix 2.

2.2.

Regional Geology
The shoreline of the Nile delta, from Abu Quir to east of Port Said, 275 km long, is a gently curved
coast consisting of protruding promontories separated by embayment and saddles. The delta beach
and its contiguous coastal flat are backed partially by coastal flat, dunes or by brackish lagoons.
Three lagoons (Idku, Burullus and Manzala) are separated from the sea by narrow barriers leaving
artificial inlets. The delta was built by seven distributaries and was subsequently silted up and
replaced by the present day Rosetta and Damietta branches (e.g. Said 1981). The beach and
backshore are composed of loose quartz sand and feldspars with significant amount of heavy
minerals and minor amount of shell fragments (UNDP/UNESCO 1978). Like many other deltas, the
coastal zone of the Nile delta is presently undergoing extensive changes caused by both natural and
anthropogenic influences. Natural factors affecting changes of the Nile delta coast include sediment
supply, coastal processes, tectonic activities, and climatic and sea level fluctuations (Stanley and
Warne 1993).
In the Nile delta, as in other world deltas, the sea level stayed low during 20,000–18,000 years BP
and then rose rapidly during the period from 16,000–9,000 years BP. Formation of the Nile delta
started when sea level began to decelerate from 8000 to 6500 years BP. The delta coastal margin
migrated northward by over 50 km during the past 5000 years (Stanley and Warne 1994). Alexandria
lays on a narrow coastal plain of Pleistocene carbonate 8–10 m high sand ridges. These ridges
extend westward parallel to the present coast. The coastline is backed on the south by a series of
different land use/land cover units including carbonate ridges, Lake Maryut, inland depression, drain,
desert, urban, industrial centres, agriculture land and archaeological sites. (Frihy 2003)
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2.3.

Local Geology
The main geological features of the Alexandria area are shown on the following maps.

Codes definition of the map:
N1mg: Moghra formation. Continental to shallow marine silciclastic sequence including shale,
siltstone, white sandy carbonate beds with abundant silicified wood
N1mr: Marmarica formation. Grayish white calcarenites with few intercalations, followed upwords
by white limestone rich in fossils, especially oysters, pectens, echinoids
N1-N2mk: Mikheimin formation. Gray to yellowish gray conglomerate and conglometric sandstone
N2hg: Hagif formation. Grayish white calcareous sandstone followed by chalky limestone and
thick gypsum bed
N2-Q1K1: Kalakh formation. Pink cross bedded calcarenite with karstified columnar structures at
the top (calcarenite: shell fragments of limestone with little quartz sand, karstified: caves or voids
in limestone due to erosion)
N2sl: El Solimania formation. Greenish gary sandstone, intercalated with fossiliferous limestone
beds at the top
Q: Quaternary. Undifferentiated quaternary sediments. Partially lithified sands and gravels in
addition to recent coastal and inland alluvial deposits
Q1a1: Alexandria formation. White to brownish white limestone, medium to coarse grained, oolitic
with shell debris, cross bedded to massive arranged in ridges parallel to the coast line
Q2bs: Beach sand. Carbonate sands with marine fossil debris
Q2sb: Sabkha sediments. Silt, sand and clay intercalated with evaporates
Q2sd: sand dunes. Fine to medium grained quartz sand arranged into belts of longitudinal and
barchan dunes
Q2ss: sand sheets. Flat to slightly undulated areas of Quartz sand, medium to coarse grained
Qb: Shabkha deposits, silt, clay evaporites
Qds: stabilized dunes.
Qg: gravel
Qns: Nile silt
Qw: wadi deposits
Tpih: El Hagif Formation. White shallow marine limestone with interbedded marl grading into pink
marly limestone
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Figure 15: Geological map of Alexandria from Abu Quir to Al Alamin
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Figure 16: Exported Quaternary deposits from Abu Quir to El Alamin

For soil analysis for the study a quaternary deposits map was produced using ARCGIS, shown in
figure 16.
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2.4.

Soils
The formation of the transported, residual and hydrogenic soils is mainly related to their model of
formation, the parent rocks and the geomorphic pattern of the investigated area. The classification of
El Gabaly et al., (1969) has been considered for further analysis.
Soils of the coastal plain
Materials located in El Agami and El Dekheila areas west while El Buseili area east of
Alexandria are mainly fine to medium grained beach deposits composed of carbonate sands
with oolitic texture. While at El Max – Abu Quir ridge, soil is composed of loamy clay sands
with oolitic limestone parent rocks. On the other hand, the dried portion of Lake Maryut is
composed of Sabkha deposits, salt marches and clay.
Soils of the tableland
“Residual soil” type is dominant on the tableland and forms the local patches. “Transported
soils”, consisting of rock fragments of weathered limestone in a calcareous loamy matrix, are
noticed in some places. The soil profile is generally sandy.
Soils of the Deltaic Plans
Close to the Nile Delta, the young deltaic deposits were sediment by floodwater of the Nile
River during Holocene. Soil is composed mainly from silt and clay.
Soils of the old terrestrial deposits
At Wadi El Natrun, the old deltaic deposits were deposited by old Nile River during early
Pleistocene. Soil here is composed mainly of sands and gravels.
Soil of the Aggredational deposits
Aggradational landforms are those lands which have high elevations because the deposition
process is greater than sediment transportation. A typical aggradational environment is well
represented in the low land alluvial rivers, deltas and fans. In the east of Alexandria, these
aggradational depressions have sandy clay soils derived from calcareous parent rocks by
Alleviation processes

2.5.

Topography
2.5.1.

Main Features

The topography is characterized by the irregular hills in the southern parts with an elevation from 0 to
40 meters above mean sea level and slopes towards the Mediterranean Sea in the northward. Areas
below mean sea level are Abu Quir/Maryut lagoon on the south of Alexandria and aquacultures
bordering the southern margins of the coastal lagoon. A large part of the beach and of the coastal flat
lies between 0 and 2.0m above MSL. Areas above 3 and 4m lie within the coastal dunes at the
backshore of Abu Quir bay and southern part of the lower delta plain, about 35 km from the shoreline,
(Frihy 2003) (Figure 17 and 18).
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Figure 17: Topographic map of the Alexandria region (Source Frihy 2003)

Figure 18: Map of the lower Nile delta showing (A) main topographic features below and above
mean sea level up to 4m contour (Frihy 2003)
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2.5.2.

Collected Data

Using ARCGIS a database was built to help in developing Topography database and building the
DEM model. Also Satellite images helped in Shoreline change evolution analysis (Table 13-14).

Table 13 : Satellite images collected of the study area

Satellite

Spatial Resolution

Year

Landsat MSS

60 meters

1972

Landsat 5 TM

30 meters

1990

Landsat 7 ETM+

15 metes

2000

Spot 4

10-20 meters

2010

Table 14 : Topographic data collected of the study area

Type of Data

Spatial
Resolution/scale

Coverage area

Spot heights

1 minute/1.5 km

Alexandria,
Bathymetric
Topographic coverage

Bathymetric Depths

1:25,000

Alexandria Port

Former projects

Spot heights

1:50,000

Alexandria

Topographic maps 1996

Contour lines

1:50,000

Alexandria

Topographic maps 1996

Bathymetric Contour
lines

1:25,000

Abu Quir area

Dr. Frihy publication

Contour lines
spotheights

1:25,000

Abu Quir and Montaza area

Former
projects

1:25,000

From Abouquir to Dekhila, and
parts of Borg AL-arab and Alamreya (160 point)

Geodesic Survey Authority

1:25,000

covers from
Shatby

Cornish
Project,
Contractor Company

Arab

1:25,000

covers San Stefano area

Cornish
Project,
Contractor Company

Arab

Bathymetry data spot
heights

90 meters grid

Maryut Lake

ALAMIM project

Bathymetry data spot
heights

90 meters grid

Canals & drains within Maryut
Lake

ALAMIM project

Sanitary
manholes
elevations

Every 3 m

Alexandria built-up area

Field survey

and

Benchmarks

Contour
lines
Bathymetry

of

Contour
lines
Bathymetry

of
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2.5.3.

Building Digital Elevation Models

Altamira ALOS DEM: (Figure 19) this is the DEM produced by Altamira through analysis of satellite
imagery. Classification symbols were made using ARCGIS on the ALOS DEM image 20m spatial
resolution. The DEM covers only the eastern part of the study area. It does not cover either big part of
Al-Amreya district or Borg Al-Arab city. This DEM will not be subject to any further analysis.

Figure 19: ALOS 20 m accuracy (ALOS DEM with GIS classification)
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Figure 20: DEM using integrated topographic data

(Sanitary data, Gebco1min grid data, Abouquir contours- Frihy, ALAMIM project topographic data, Alexandria survey maps
1:25000)
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The integrated topographic Digital Elevation Model DEM (Figure 20) is considered as the most
enhanced and most accurate model from all available models, classification symbols were made
using ARCGIS. To use this elevation model for the further analysis, the following criteria should be
considered about the collected data (tables 13-14):
•

All the collected data (spot heights, contour lines, Benchmarks, etc.) are from survey maps.
Old projects in the area based on the topographical maps of Alexandria are on scale 1:50000.
Some field samples were taken in previous projects to update the topographic survey maps.

•

Data from Lake Maryut area were taken from AlAMIM project where some field samples were
done,

•

Sanitary manholes data were taken from field survey projects.

•

Benchmarks were taken from old survey work and some of the benchmarks do not exist
anymore. For the purpose of further analysis, we have tried to involve the available data.
However, the elevation data is still coarse to apply accurate inundation and flood modelling.

•

Bathymetric data is the most accurate data as it was taken from Alexandria port project,
Cornish development project and GEBCO bathymetric data. All of these are accurate and
regularly updated.

Due to the above-mentioned criteria, there exist some limitations to apply the coarse
resolution DEMs for marine submersions and impact of sea level rise. Therefore, more
accurate and high resolution DEM should be available to enable mapping these risks
accurately. Exemples of simulated zones generated from the latest DEM are shown in Appendix 2.

2.6.

Land Movements
2.6.1.

Bibliographical Analysis

Along the Mediterranean coast of Egypt, long-term land subsidence or emergence has been
estimated using archaeological and radiocarbon-dated sediment cores. There is a complex pattern of
land subsidence on the Alexandria coast due to its tectonic setting. Based on carbon-dated sediment
cores, previous studies of Alexandria have indicated diverse values of land emergence or subsidence
ranging from –0.5 to 7.0 mm yr−1 (Warne and Stanley 1993; Chen et al. 1992).
Based on their studies, land subsidence at Alexandria is significantly higher than that at the Nile delta
in spite of the absence of the soft fluvio marine deltaic mud underlying Alexandria region. The
subsurface Pleistocene carbonate rocks and stiff mud of lagoon that characterize this region, could
not allow such high rates of subsidence (Warne and Stanley 1993). Generally, land subsidence level
at Alexandria was evaluated based on the evidence from the following:
1- The existence of submarine Ptolemaic and Roman archaeological remains and coastal structures,
2- Disappearance of sandy beaches, and disappearance of emerged islands, submerged and
disappearance of the former Nile distributaries channel the Canopic that once flowed across Abu
Quir Bay about 2500 years BP.
3- The major earthquakes which shook Alexandria in the fourth century A.D.
4- The documented fault mapped system.
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Figure 21: (A) Spatial distribution of land subsidence rates in the northern delta with values ranging
to 5 mm/year (Source: modified from Stanley and Warne 1993). (B) East-west stratigraphic cross
section in the Nile delta and Alexandria region (Source: modified)

Ellipses on Figure 21A show values of relative sea level in mm calculated from tide gauge records in this study.
Figure 21B shows a simplified cross section from numerous core sections, depicting late Pleistocene alluvial
sequences overlain by Nile delta Holocene deposits.

The variability of emergence and subsidence of Alexandria land (ranging between –5 mm and +7 mm
per year) as calculated by Warne and Stanley (1993) may be attributed to the impact of tectonic
activities. Tectonic activities in Alexandria have been recorded from the observations on submerged
Roman and Greek ruins in the Eastern harbor and Abu Quir Bay (El Sayed 1988; Warne and Stanley
1993). Ancient ruins as old as 2,500 years had submerged from 2 to 5.5 m. The Hellenistic city of
Canopus (500 BC) in Abu Quir Bay was originally located 3 m above sea level, which may imply that
it has submerged of 8 m during the past 2,500 years. The tectonic activities have been also registered
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from the major earthquakes that affected Alexandria in the fourth century A.D. and, in parallel, from
the documented fault/fold mapped system.
Further to the east and based on age-dated sediment core sections, Stanley (1988), Stanley (1990),
Stanley, and Warne (1993) have estimated long-term average subsidence rates across the Nile delta
region. The processes of compaction and dewatering of the thick accumulated deposits of
fluviomarine deltaic mud sequence formed in the Holocene have induced higher rates of subsidence
ranging from 1 to 5 mm yr−1 (Stanley 1990; Chen et al. 1992). Subsidence has been considerably
lower in a westerly direction, ranging from 5 mm yr−1 at Port Said in the east to 1 mm yr−1 further to
the west of Alexandria region (Warne and Stanley 1993; Figure 21A). Thickness of Holocene strata
beneath the modern delta plain is a direct function of subsidence, which ranges from 50 m at Port
Said and tends to decrease or be nearly absent westward, below the Alexandria coastal plain.
Quaternary subsurface stratigraphy of the northern Nile delta and Alexandria records three main
sequences (Warne and Stanley, 1993).
These sequences are from bottom to top:
■ Alluvial sand and stiff mud (older than 12.000 years), unconformable overlain by
■ Shallow marine to coastal transgressive sand (12,000 to 8,000 years); this sand is, in turn,
unconformable overlain by
■ A variable sequence of Holocene deltaic sand, silt, and mud as old as 7.500 yr

2.6.2.

Analysis of Satellite Observations

In the framework of the present study, and thanks to the involvement of the European Spatial Agency
ESA (programme on Earth Observation Market Development), it was possible to generate recent land
motion mapping over the whole city of Alexandria, by exploiting long-term archive of ESA Radar
sensors (e.g. ERS/SAR, Envisat/ASAR) through the “Persistent Scatterer Interferometry” (PSI)
technique. The study was carried out by the ALTAMIRA Information Company, in 2009.
This study is an application of InSAR technologies (ALOS, ERS and ENVISAT) for the reconstitution
of the monthly historical ground displacement in the urban and rural area of Alexandria during the
1992 to 2009. The InSAR technology is the most appropriate and powerful tool to measure and map
the evolution of the actual urbanized coastline during the last two decades and to supervise the future
ground displacement, since large historical archives of SAR data have been acquired routinely by the
ESA ERS and Envisat missions.
The results of ALOS data processing cover 30 months (from March 2007), ERS data cover 103
months (from May 1992 to December 2000) and ENVISAT data cover 76 months (from July 2003 to
November 2009). They confirm that the urban area of Alexandria is affected by terrain deformation
such as subsidence and uplift. The maximal ground motion is located mainly in the northern border of
Lake Maryut located in the south of the city and in the central area of Idku city.
Figure 22 shows a summary of detected subsidence areas in Alexandria for ERS, ENVISAT and
ALOS satellites (red polygons delimit the affected zones). Point density is lower in ERS case, since
the temporal period is longer, and therefore, surface changes affect the quality of measured points.
For this reason, ALOS deformation map presents a higher number of measurements, followed by the
ENVISAT study. Red polygons show common detected subsidence areas in all cases. As mentioned,
there are zones in the ERS map where no points are retrieved, and for this reason, the polygons are
not drawn. It is noted that all the detected areas, when points are available, confirm their subsidence
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pattern for the three studies (ERS, ENVISAT and ALOS). Only the area marked as “B” presents
subsidence behaviour in ERS and ENVISAT maps, but is stable in ALOS study. Figures 23, 24 and
25 show a first summary of results, and further studies will be necessary for a better understanding of
all the deformation phenomena affecting the city of Alexandria and its surroundings.

Figure 22: Comparison of common subsidence areas for ERS, ENVISAT and ALOS studies. Red
polygons delimit the affected zones.
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InSAR technology implemented within the framework of this study shows with very high precision
during a very short period of time, the existence of an important subsidence, but also demonstrates
the existence of uplifted deformations of the ground in the rural and urban area of Alexandria region.
The InSAR processing of three different satellite data shows an important subsidence located near
the border of Lake Maryut and near the city of Idku. The performance of each of these tools is shown
below (see also Figure 22):
o

ALOS shows 93 points with ground subsidence of -3 cm/year and 27 points with ground uplift
larger than 1.5 cm/year. The anthropogenic and/or natural (i.e. not tectonic) value of
subsidence is estimated about 0.6 cm/year. These results are obtained only for 30 month
monitoring period (from 2007 to 2009).

o

ENVISAT shows about 105 points with ground subsidence of -1,5 cm/year and 93 points with
ground uplift larger than 0,5 cm/year. The anthropogenic and/or natural value of subsidence is
estimated about 0.9 cm/year. These results are obtained for about 6 years (76 months)
monitoring period (from 2003 to 2009).

o

ERS shows about 5 points with ground subsidence of -1, 5 cm/year and 11 points with ground
uplift larger than 0.5 cm/year. The anthropogenic and/or natural value of subsidence is
estimated about 0.04 cm/year. These results are obtained for about 8 years (103 months)
monitoring period (from 1992 to 2000).

The whole Altamira’s report is presented in Appendix 3.

Figure 23: ALOS InSAR result showing the ground subsidence and soil uplift in urban and rural area of
Alexandria (Egypt)

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 89
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 24 : ENVISAT InSAR result showing the ground subsidence and soil uplift in urban and rural
area of Alexandria (Egypt) Source: Altamira Production, 2010

Figure 25 : ERS InSAR result showing the ground subsidence and soil uplift in urban and rural area of
Alexandria (Egypt) Source: Altamira Production, 2010
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2.7.

Conclusion
Collection and analysis of existing information have reached the limits of geological and topographic
knowledge now concerning the study area. Nevertheless, based on these data, supplemented by an
analysis of satellite imagery, stratigraphy and tectonic context and indications on soils instabilities are
described within the framework of this report.
Geological context
Alexandria is built on a coastal plain made of loamy, lagoonal or deltaic recent deposits (dated from
Holocene to Pleistocene), capping a Neogene substratum (mainly conglomeratic deposit from
Miocène to Pliocène).
Morphologically, the plain is characterized by a succession of small hills; sub parallel to the coast,
separated by depressions. The altitude does not exceed fifty meters. The thickness of the recent
formations can reach several tens of meters.
Concerning the regional tectonic framework, the area of Alexandria belongs to the North-East of the
African continental plate. However, the identified intra-plates tectonic deformations can be correlated
with the localization of the interplates structural limits, which form:
-

The Hellenic arc in the North (subduction of the Africa plate under the Egean micro plate),

-

The transformed fault system of Levant in the North East, with currently, mainly sinistral strike
slip motion (Gulf of Aqaba and Dead Sea, limit between Arabia and Africa plates),

-

The extension of the rift of the Red Sea in the South East, through the Gulf of Suez (zone of
distension between Arabia and Africa plates)

In Alexandria area, the main identified fault systems are of East-West to North East-South West
direction (offshore fault of Rosetta in particular), and North North West-South South East to North
West-South East (in particular Suez-Cairo-Alexandria fault system). However, their cartography
remains very imprecise.
The relief of hills and depressions in Alexandria’s area lies within the Nile’s delta structural context
characterized by a series of half grabens limited by listric faults (a normal fault in the fault plane’s dip
becomes shallower with increased depth) dated from Neogene to Pleistocene, and directed NorthEast to South-West with northern dip.
Topography
The area is characterized by irregular hills in the southern parts with an elevation from 0 to 40 meters
above mean sea level and slopes towards the Mediterranean Sea in the northward. Areas below
mean sea level are Abu Quir/Maryut lagoon south of Alexandria and aquacultures bordering the
southern margins of the coastal lagoon. Large part of the beach and coastal flats are lying between
zero and 2m above MSL. Areas above 3 and 4m lie within the coastal dunes at the backshore of Abu
Quir bay and southern part of the lower delta plain, about 35 km from the shoreline.
In the framework of the present report, a DEM was shown, using all available topographical data. Its
precision is however insufficient to enable flooding or submersion simulations in the next sections of
the report.
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Ground instabilities
Concerning ground instabilities, they relate more particularly to the movements of subsidence located
in the borders of Lake Maryut. An average estimate of the subsidence rate during 30 months has
been brought by the interferometric study carried out by the company Altamira (report/ratio of Mora
and Al, 2010) and referred to in this report.
According to the images (ERS DATED, ENVISAT and ERS INSAR), the results show that:
-

Less than 1, 2% of the measured points show positive movements,

-

Between 5% and 9% of the measured points correspond to negative movements.

Concerning the study area, this first analysis indicates locally a tendency to subsidence with a rough
estimate of an annual multi-milimetric rate. Nevertheless, we can note that 90 to 95% of the measured
points remain stable in the area of the northern border of Lake Maryut, and in the southern part of the
city between Gharb district and Abu Quir.
One of the assumptions of Mora et al. (2010) is the relation between the movements measured with
the current activity of the faults. In the absence of specific research on the field, the most probable
interpretation concerning the origin of these vertical movements remains the compression of the
recent deposits (on account not only of their nature but also of their relatively significant thickness),
located in particular near the lacustre depression.
Land subsidence measurement and analysis are very important aspects for which satellite based
inter-ferometric measurements should be integrated with ground-based observations.
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3.

Seismology and Tsunamis

3.1.

Introduction
Alexandria is located approximately 300 to 600 km from three known active plate boundaries, namely:
the Red-Sea, the Gulf of Aqaba – Dead Sea (the Levant transform) and the Hellenic Arc (AfricanEurasian margin) (El Sayed and Wahlstriom,1996). The interaction among these three plate
boundaries created two major fault zones in Egypt as: (1) Eastern-Mediterranean Cairo-Faiyoum fault
zone (Pelusium strike slip fault), (2) Suez-Cairo-Alexandria fault zone. These fault zones are very
close to the city of Alexandria.
Alexandria City has suffered great damage due to earthquakes from near and distant sources, both in
historical and recent times. Sometimes the source of such damages was not well known. The city was
also shaken by five earthquakes in the last century. The most recent one occurred in 1998. In
comparison with other countries of the Mediterranean basin, like Greece, Turkey or Italy, Egypt has
low to moderate seismicity.
This section presents the structure and tectonic framework of Alexandria with reference to plate
boundaries and main fault zones. There is a focus on the local tectonic elements near Alexandria and
its relation with the seismicity pattern and seismic sources in the eastern Mediterranean region. The
location and description of the historical and contemporary earthquakes around Alexandria have been
interpreted. More information about the structural context and historical events are to be found in
Appendix 4.

3.2.

Seismo-tectonic Context
3.2.1.

Structural and Tectonic Context

Location of Alexandria with respect to the main structural faults is presented in appendix. The
interaction among the three plate boundaries created 2 major fault zones in Egypt: (1) EasternMediterranean Cairo-Faiyoum fault zone (Pelusium strike slip fault), (2) Suez-Cairo-Alexandria fault
zone. These fault zones are very close to the city of Alexandria.
Generally, Egypt consists of two main structural provinces, an unstable shelf to the north with
complex NE-SW transcurrent faults and fault-bounded basins and horsts, and a stable shelf to the
south. The structural configuration development appears to have reached their maximum growth
during the Late Cretaceous and have shown additional rejuvenation during the Tertiary (Waly et al.,
2001). The structure of Alexandria was defined as a large northeast-southwest plunging anticline that
constitutes the regional Qattara-Alamein structural ridge dissected by major fault system trending
northeast-southwest directions. The north Western Desert and the Nile Delta are greatly affected by
the Late Miocene tectonics, which caused the development of the down warped zone bounding the
southern part of the Nile Delta and the northwestern coast (Shata and El Fayoumy, 1970). Shata
(1957) indicated the possibility of presence of three normal faults belonging to the Late Miocene
tectonics that have affected the tableland producing the structural plateau. The regional structural
setting of the northern part of the Western Desert is a series of structurally positive areas trending
NNW-SSE, which affect the coast at Maryut, Ras El Hekma, Matruh, Salum and probably El Dabaa.
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Figure 26: Active plate boundaries in the eastern Mediterranean
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A series of local monoclinal structures has developed that account for the formation of headlands
protruding into the sea and recorded at Salum Sidi Barrani, Mersa Gargub, Mersa El Asi, Ras Abu
Laho, Ras Umm El Rakham, Ras Alm El Rum, Ras EI Hekma and Ras EI Dabaa. The successive
monoclinal structures are alternated with synclinal basins or embayment having the same trend e.g.
Arab Gulf Synclinal Basin, Fuka, Bagush, Mersa Matruh, El Negeila and east Salum Gulf.
Within the Alamein structure, itself these faults form a graben that cuts the crestal part of the structure
into two blocks (Abdine, 1974). The structure of Qattara-Alamein ridge shows the same direction of
the Syrian Arc folding system, which is the most prominent structural configuration of the North West
area of Nile Delta. It consists of extensional faults, then the faulting ceased until very late Abu Roash
to Khoman times. The faulting was then reactivated and formed inversion structures, which were
formed over the down thrown side of the reactivated old extensional faults.
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3.2.2.

Focus on the Alexandria Area

The Alexandria offshore is located within the Afro-Arabic Platform block, which is contiguous with
southern Alpine overthrust belt in addition to a megashear zone running from southern Turkey to
Egypt and also south of islands of Crete and Cyprus. This zone is also affected by the Suez-CairoAlexandria fault zone, which is characterized by a low to moderate seismic activity in Egypt (El Sayed
et al., 2004). The event of October 1992 more likely occurred along one segment of this fault system.
This event occurred 18km south of Cairo at Dahshour area with magnitude 5.3 and located at an
estimated depth of 25 km. Then, it was followed by many aftershocks during the following weeks with
magnitude up to 4.3. The severity of damage was mainly in many buildings and monuments in Cairo
and felt without considerable damage in Alexandria while the event of 1955 (Ms = 6.7) is the most
recent locally damaging earthquake. During this earthquake, a few people were injured. A
considerable number of adobe house were destroyed and a few of those with concrete construction
suffered damage (Maamoun et al., 1984; Ambraseys et al., 1994).
On the other hand, the city of Alexandria itself is a part of the Nile Delta cone which is considered as a
large hinge zone that consists of several southward half-grabens. These grabens are deformed and
bounded by east-west-oriented northward-dipping listric faults (Hussein and Abdalla, 2001).

Figure 27 : Local tectonic elements near Alexandria (Source: modified from Hussein and Abd-Allah, 2001)
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(1) Denote the Gulf of Aqaba-Dead Sea, (2) Red Sea, (3) Suez-Cairo-Alexandria fault zone, (4) Eastern-Mediterranean-Cairo
Faiyoum fault zone, (5) Egyptian Coastal zone and (6) Eastern Mediterranean (Hellenic Arc).

Two mechanisms are suggested for the deformation of the Nile Delta hinge zone. The first one is
related to the late Oligocene-Early Miocene compression cycle, in the direction NWSE to NNW-SSE,
which resulted from the Alpine Orogeny (end of the Eocene). This compression reactivated the E-W
orientated deep-seated Mesozoic faults. The second mechanism is related to northward gravitational
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sliding of Oligocene-Pliocene shale and sandstone over the pre-Eocene carbonates rocks. Both
mechanisms acted together during the deformation of the Nile Delta hinge zone (Hussein and
Abdallah, 2001). In general, these mechanisms create a complicated tectonic setting in the site of
Alexandria and its vicinity. Figure 27 shows the local tectonic activity over the city of Alexandria.

3.3.

Assessment of the Seismic Hazard
3.3.1. Some Definitions
We can characterize the size of the earthquake by different parameters like:
-

magnitude M: is an assessment of the energy released at the focus of the earthquake
as such, this quantity is not usable by the engineer who is interested in building a movement
on the surface and in one geographical area.

-

The intensity I: it characterizes the significance of effects observed on the material surface
and the perception by the population. This description applies to a given geographical area,
but is rather qualitative. The intensity at a point depends not only on the size of the
earthquake (magnitude) but also on the distance to home, the local geology and topography.

-

The maximum ground acceleration or peak acceleration (PGA): it allows identifying the
resultant force F applied to the construction.

The seismic hazard is defined as the probability, in a given area and a period of time, that an
earthquake reaches or exceeds a certain value of magnitude, intensity or acceleration of the ground.
The evaluation of the hazard is done on two successive scales of study:


a regional scale, where the country is regarded as geologically homogeneous



a local scale, where are taken into account the site effects (lithological and topographic), the
induced effects (stability of the slopes, liquefaction of the grounds) and possibly cosismic
deformations.

A probabilistic evaluation of the hazard expresses in any point of the studied area the level of
acceleration of the ground likely to be reached (cm/s² or g) for a given period of time.

3.3.2.

Main Seismic Sources near Egypt

Egypt is located on the south-eastern part of the Eastern Mediterranean region (north-eastern corner
of the African continent). Egypt is generally considered to be an area of moderate seismic activity.
Generally, Egypt consists of two main structural provinces, an unstable shelf to the north with
complex NE-SW trans-current faults and fault-bounded basins and horsts, and a stable shelf to the
south. Egypt is divided into five locally active seismic zones:
1. the Gulf of Suez and the northern part of the Eastern Desert
2. South west Cairo (Dahshour area)
3. The eastern Mediterranean zone
4. The Gulf of Aqaba zone
5. The Aswan zone
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Figure 28: Active seismic zone in Egypt

3.3.3.

Seismic Scenario for Alexandria

The description of the major seismic events and the results of various studies about hazard seismic
assessment can be found in Appendix 4. The various publications consulted show notable
differences according to the reference. Concerning the scenario on the site of Alexandria, two
assumptions are possible:
1. In reference to work of El Sayed et al. (1999, 2004) or of El Adham and El Hemamy (2006),
the value of PGA is a) between 0,15g to 0,3g for a 475 years return period, and b) between 0,
07 with 0,1g for 50 years return period.
2. In reference to GSHAP’s work (PGA’s world map) or SESAME (PGA’s map for the
Mediterranean basin), the value of the PGA lies between 0.06 and 01g for a 475 years return
period.
In this report, it is proposed to refer to the USGS table, which proposes simplified equivalences
between the PGA values (and PGV), the degree of intensity and level of damage expected in the
case if a significant seismic event happens.
Consequently, for the PGA values for Alexandria indicated above, by reference to USGS table:
-

PGA ranging between 0.15 g and 0.3 g, the intensity is about VI to VII.
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-

PGA ranging between 0.06 g and 0.1 g, the intensity is about V to V-VI.

However, the table of correspondence PGA - seismic Intensity of the USGS gives estimates for a
PGA value with constant acceleration on rock site (i.e. without taking into account local geological
conditions which could amplify seismic motion or “site effects”).
Historical and recent seisms showed the importance of site effects in the Nile delta (El Sayed, 1996;
El Sayed and al., 1999, 2004; Fergany and Sawada, 2009). Today, the micro seismic zoning of
Alexandria doesn't exist. So, to take into account the possible site effects, in first analysis we can:
1. Consider the zones characterized by thick unconsolidated or soft sediments, and,
2. For these zones, increase 1(±1/2) intensity degree’s value deduced from PGA’s and USGS's
tables. To define this empirical value, we referred to "Manual for Zoning one Seismic
Geotechnical Hazards Tc-4, revised version (1999)" or Mouroux et al. (2004) or Faccioli
(2006) relating to the European project Risk-UE. Figure 29 demonstrates this.

Figure 29 Table used by USGS to provide near-real-time maps of ground motion (PGA and PGV) and
shaking intensity

We quoted higher in the text that El Sayed and Wahlström (1996) indicated for the Alexandria area a
MSK intensity of about V to V-VI for a 100 years return period.
On the basis of the above mentioned works, for this study, the selected scenarios for the Alexandria
site are:
-

For 475 years return period, a value of intensity to the rock close to VI MSK, and about VII
MSK in the zones with site effects.

-

For a 100 years return period, a value of intensity to the rock close to V-VI MSK, and about
VI-VII MSK in the zones with site effects,

-

For a 50 years return period a value of intensity to the rock V to V-VI MSK, and about VI to VIVII MSK in the zones with site effects.

The reasoning developed for the Alexandria site is coherent with the one implemented for the 3 other
sites of the study (Tunis, Casablanca, and Bouregreg).
Concerning a scenario with a 20 years return, on the basis of results obtained for larger periods, we
can consider as the most probable scenario an intensity between IV-V to V MSK, and about V-VI to
VI MSK in the zones with site effects (zones with recent deposits located between the coast and
Hagif’s Neogene formation).
Damage analysis due to earthquakes vibrations in Egypt showed that even for seism with moderate
magnitude (for example, the seism of 1992, Mb = 5,4), the majority of the damage concerned
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« adobes or old, non reinforced masonry buildings and non engineered reinforced concrete
buildings » (Fergany and Sawada, 2009).

3.4.

Assessment of the Tsunami Hazard
3.4.1.

General Background

A tsunami is a very large ocean or sea-wave triggered by various large-scale disturbances of the
ocean floor such as submarine earthquakes, volcanic activities or landslides. These waves have
unusually long wavelength, in excess of 100km, generated in the open ocean and transformed into
series of catastrophic oscillations on the sea surface close to coastal zone (Yolsal et al., 2007).
The Eastern Mediterranean Sea region is seismically active and its geodynamic and seismo-tectonic
setting is mainly dominated by the Hellenic and the Cyprus arcs, the left – Lateral strike-slip Dead Sea
fault and the Levantine rift. Some of damaging historical tsunamis (e.g. 1303 and 1481) in the eastern
Hellenic arc also threatened the coastal plains of the Cyprus, the Levantine and Alexandria – Nile
Delta regions. This region is capable of generating tsunami by co-seismic fault displacements
provided that large earthquakes occur at relatively shallow depths.
It should also be noted that the tsunami magnitude scales are usually based on direct measurements
of tsunami wave heights at tide gauges located near coastlines. On the other hand, there are other
effective parameters in tsunami generation such as coastal topography, variations in near-shore
bathymetry and the reflection, refraction, diffraction and resonance of sea-wave.
The vulnerability of tsunamis in recent years is much higher than recorded tsunamis in past events,
due to the increasing occupation of the coasts with the economic development in recent decades.
Scale of intensity of tsunami:
There are 2 main scales: Sieberg and Ambraseys (SA, year), and Papadopoulos and Fokaefs (2005).
The scale of Sieberg and Ambraseys, year distinguishes 6 degrees:
-

Degree 1: Very light. Wave so weak that it is perceptible only on "marégrammes".

-

Degree 2: Light. Wave observed by the populations of the coast and the accustomed of the
sea. Generally noticed on very flat banks.

-

Degree 3: Rather hardly. Generally noticed. Flood of the sweet sloping coast. Failed light
boats. Light constructions near the weakly damaged coast. In estuaries, inversion of streams
until a certain distance upstream.

-

Degree 4: Hard. Flood of the bank under a certain height of water. Erosion of the fitted out
spaces. Light constructions damaged near coast. Constructions and structures hard damaged
on the coast. Big sailboats and small ships failed on the ground or taken in the wide. Coast
sprinkled with floating fragments.

-

Degree 5: Very hard. General flood of the bank under a certain height of water. Breast walls
of quays, constructions and structures in hard close to the coast damaged.
Destroyed light structures. Profound erosion of farmlands and coast sprinkled with floating
objects and with marine animals. Exception was made to the big ships; all other categories of
boats are failed or taken in the wide. Big breakers in estuaries. Damaged harbor works.
Drowning Waves accompanied with a strong howling.
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-

3.4.2.

Degree 6: Disastrous. Partial or complete destruction of the constructions and the structures
built by the man until a certain distance of the bank. Flood of coast under a big height of
water. Big seriously damaged ships. Eradicated or hoarse trees. Numerous victims.

Location of Tsunamigenic Zones

Papadopoulos and Fokaefs (2005) identified various tsunamigenic zones for Mediterranean Sea. The
tsunami potential of each zone is classified in a relative scale: low, intermediate, high and very high
potential.

Figure 30: The tsunamigenic zones of the Mediterranean Sea

Source: modified from Papadopoulos & Fokaefs, 2005.
WMS = West Mediterranean Sea, EMS = East Mediterranean Sea, AS = Aegean Sea, MS = Marmara Sea, BS = Black Sea, 1
= Alboran Sea, 2 = Liguria and Cote d' Azur, 3 = Tuscany, 4 = Calabria,S = Aeolian islands, 6 = Messina straits, 7 = Gargano
promontory, 8 = South-East Adriatic Sea, 9 = West Hellenic arc, 10 = East Hellenic arc, 11 = Cyclades, 12 = Corinth Gulf, 13 =
East Aegean Sea, 14 = North Aegean Sea, 15 = Marmara Sea, 16 = Levantine Sea

For the coast of north of Egypt, 3 potential tsunamigenic zones exist: the west part of Hellenic arc, the
East part of Hellenic arc, the Levantine sea. The zones of Hellenic arc are associated with a high
potential. Figure 30 shows the tsunamigenic zones of the Mediterranean Sea and those impacting
Egypt.
The two most destroying known tsunamis for Alexandria were generated in Hellenic arc. They are
dated respectively from the years 365 and 1303. The magnitude of the seisms that originated these 2
tsunamis is respectively estimated between 8.4 and 7.3.
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3.4.3.

Simulations and Assessment of Return Period of Large Tsunamis in the
Eastern Mediterranean Sea

The description of tsunami major events is provided in Appendix 4.
Concerning the 365 AD tsunami, Shaw et al. (2008) simulated the event taking account the
morphology, the infrastructure of the ancient port, and the Pharos Island. This is shown in Figure 31.

Figure 31 : The 365 AD tsunami, results of calculation (Source: Shaw et al., 2008).

a-d, Heights of the sea surface at 4, 30, 70 and 90 min after the earthquake. The direct wave travels 10 the North African coast
and into the Adriatic, consistent with the historical record. e, Schematic map of Alexandria at the time of the 365 AD
earthquake. The Island of Pharos was connected to the mainland by a narrow causeway, known as the Heptastadion, which
was overtopped by the tsunami. f, a plot of the wave height against time that would be observed in the open ocean of
Alexandria in water of 20 m depth
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The calculations show that the wave would have arrived from the southwest (white arrow on Figure
32), explaining how the Heptastadion was inundated despite the apparent protection offered by
Pharos Island against a direct wave from Crete, to the northwest. The wave height would have been
greatly amplified during run-up through shallower water towards the city. The sedimentological
observations and the archaeological vestiges show that this event changed radically the Alexandria’s
coastal line.El Sayed et al. (2000) explain that the very strong damage caused by the historical event
of 8th August 1303 (fig 32) are probably due to 2 events that occurred the same day, but localized in
two different seismic zones: 1) a seism magnitude close to 7.3 with an epicentre located in the
Hellenic arc, 2) a seism with more moderate magnitude and located in the gulf of Suez (probably a
1992 type seism).
Within the tested sources, the best qualitative agreement between the reported and the calculated
tsunami is given by an event of magnitude 7.3 with normal faulting mechanism and focal depth of 15
km (after Ambraseys et al. 1994 assumption). The synthetic scenario is in agreement with the tsunami
description reported by Guidoboni and Comastri (1997): progression into land and then rapid
regression of the sea in Crete; regression of the sea and then progression into land in Acre and
Alexandria. This numerical simulation indicates a wave height close to 2.9 m near the Alexandria’s
shore.

Figure 32 : Proposed locations of the event(s) of August 8, 1303 and of the damaged cities. (Source:
after El Sayed & al., 2000)

Stars _ extensive damage or total collapse, diamond _ heavy damage, circle _ low damage, triangle _ generic damage, and
square _ felt. Hexagons indicate the epicentres proposed by Sieberg, 1932 (small), Maamoun et al. (1984) (medium) and
Ambraseys et al. (1994) (large). Arrows indicate the areas affected by tsunami.
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Figure 33 : Tsunami computed using Ambraseys et al. (1994) focal mechanism of 1303 earthquake
located in the Hellenic arc and give the better results in comparison with the historical data

(Source: after El Sayed & al., 2000)

3.1.1

Analysis of tsunami frequency

On the basis of historical data of tsunami manifestation in the Eastern Mediterranean analysis, and a
comparison with current seismic activity and plate interactions, Yolsal et al. (2007) identify a dozen
tsunamis with strong intensity in the Eastern Mediterranean. These tsunamis are due to the
tsunamigenic seismic zones of the Hellenic arc, of the gulf of Corinth, of the central part of Greece, of
the Marmara Sea, of the SW of the Black Sea, SW of Cyprus, Dead Sea and Levant fault. According
to Yolsal et al. (2007), the return period for strong tsunamis in the Eastern Mediterranean
(independently from their intensity degree and from the tsunamigenic zone) is about 150 years at 200
years. Based on historical data, the average tsunami recurrence in the Cyprus-Levantine Sea region
is roughly estimated to be around (Fokaefs et al., 2007):
-

375 years for very strong intensity (5 SA/8 PF),

-

120 years, for strong intensity (3 SA / 5 PF),

-

30 years for moderate intensity (2 SA/ 3 PF).

With SA: Sieberg – Ambraseys scale and PF: Papadopoulos – Fokaeefs scale.
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In comparison, tsunamis intensities for years 365 and 1303 are estimated at 5 degree in Sieberg &
Ambraseys and at 10 degree (Papadopoulos and Fokaefs, 2005), i.e. with stronger intensities than
that estimated with 375 year return period. Together with the tsunami in Hellenic Sea in 1650, these
two tsunamis correspond to the only events with degree 10 known in the Eastern Mediterranean with
the Papadopoulos-Foekaefs scale (Papadopoulos and Fokaefs and Al, 2005).
On the basis of the current motion’s speed and the geometry of the Hellenic arc’s fault system, Shaw
et al. (2008) made the link between the current tectonic rate deformation and the occurrence of a
damaging tsunamigenic event. They specify that measurement of the present rate of crustal
shortening near Crete yields is estimated at round 5000yr for the repeat time of tsunamigenic events
on this single fault in western Crete. If the same process takes place along the entire Hellenic
subduction zone, such event may occur approximately once every 800 yr.

3.4.4.

Tsunami Scenario for Alexandria

Concerning the year 365 tsunami, Shaw et al. (2008) simulated the event taking account the
morphology, the infrastructure of the ancient port, and the Pharos Island. The results indicate a wave
height lower than 1m near the Alexandria’s shore (for a fictitious point located not far from the coast
where the bathymetric reaches approximately -20 m), but a significant flood on the city of
Hepstatadion. Shaw et al. (2008) indicate that the very strong value of run up (flood to the outer walls
of Hepstatadion) is probably due to the tsunami wave orientation (SE toward NW, it means parallel to
the entry of the port) and to the bathymetric and topographic configuration at that time.
On the basis of tsunami computation, El Sayed et al. (2000) supposed that the 1303 AD was
generated by a normal fault, with M 7.4 in a Hellenic arc. They suppose a wave height close to 2.9 m
near the Alexandria’s shore. And they specify that the damage occurred in Egypt that day were
caused by two events, an earthquake in the gulf of Suez (type 1992) and an earthquake in the
Hellenic arc that caused the tsunami at Alexandria.
Yolsal et al. (2007) analyzed the historical tsunamis and their propagation in the Eastern
Mediterranean Sea region. They estimate that the return period for strong tsunamis in the Eastern
Mediterranean (independently from their intensity degree and from the tsunamigenic zone) is about
150 years at 200 years. Fokaefs et al. (2007) estimate return periods of very strong tsunami, strong
tsunami, and moderate tsunami at respectively, about 375 yr, 120 yr, and 30 yr. Concerning the
events of 356 and 1303, their intensity is higher than the class “very strong”. The return period of
these maximum tsunamis is estimate much longer than 375 yr.
In that way, Shaw et al. (2008) calculated an 800 years period of return for these very strong
destroying tsunamis generated in the Hellenic arc and of type 365 or 1303.
This estimation corresponds to:
• 12% of probability of occurrence in 100 years,
• 6% in 50 years,
• Around 2, 5 % in 20 years.
It should be noted that in the case of the 20 years scenarios (and even 50 years), the
probability, that a tsunami of seismic origin is likely to cause significant damage occurs in
Alexandria, is very weak.
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4.

Coastal Erosion and Marine Submersion

4.1.

Introduction
The present section focuses on the current and future (2030 horizon) situation of the Alexandria
shoreline regarding coastal erosion and marine submersion risks, with a description of the shoreline
characteristics (including protection works and infrastructure), an analysis of its evolution, a
description of erosion and submersion hazards, then an evaluation and mapping of both risks.
General baseline data on the geological and bathymetric context, oceanographical conditions (wind,
wave, currents, and tide), water level evolution, storm surges, sedimentary context, and coastal land
use are provided in Appendix 5.

4.2.

The Alexandria Shoreline
4.2.1.

Main Characteristics of the Shoreline

As a consequence of the sediment deficiency in the Alexandria littoral cell, beaches have been
protected since 1934 in order to prevent further erosion and to provide new recreational sandy
beaches. The “Corniche” highway, ~ 20 km from Montaza to the promontory of the Ras El Tin Palace,
is protected from the sea by a vertical wall (cf. Figure 34B). In addition, 4-ton concrete blocks have
been emplaced along the coast since 1984. Breakwaters were constructed to protect the El Dekhiela
Harbor, Western Harbor, Eastern Harbor and Abu Quir Harbor.
Beaches of the Alexandria Metropolitan, from Mandara to El Silcila, are experiencing chronic longterm erosion of ~20 cm/yr as a consequence of ongoing natural coastal processes combined with
sediment deficiency in its littoral system (El Wakeel et al., 1980; Frihy et al., 1996). More than 50 % of
the sandy beaches between El Montaza and El Silcila, 14.5 km in total, have disappeared following
seaward widening of the Corniche highway constructed between 1998 and 2002, creating “sediment
starved” coastal cells (cf. Figure 34E). The widening project providing three to five lanes of 45 m width
instead of two in each direction (28 m wide), have eventually smoothen road curvatures and upgraded
traffic of the city (Frihy et al., 2004). As a result, many beaches have disappeared and sources of
sand for periodic replenishment are required to maintain stable sub-aerial beaches. A cross-section
(cf. Figure 35) shows the sand-fill material underneath the widened part of the road which is
separated from the sea by a buffer zone comprising ~ 300-800 kg graded dolomitic quarry stone
boulders supported by a vertical concrete wall (Frihy et al., 2004). A thin layer of geo-textile, lined by a
gravel filter, is emplaced between the sand-fill and buffer zones to mitigate possible winnowing of the
fine sediment by wave-induced currents and to relieve hydrostatic pressure (cf. Figure 34G). A series
of 10-ton concrete blocks, extending 20 m seaward, have been placed to protect both the vertical
concrete wall and the dolomitic limestone boulders from the sea (cf. Figure 35).
Along the dense populated coastline of Alexandria, a series of groins and detached breakwaters were
built during the last two decades to mitigate hot spots beach erosion and provide wide recreation
beaches. In addition, several artificial beach nourishment projects, some combined with the
construction of massive groins, were carried out at El Shatby, Stanley, El Asafra, El Mandara and Abu
Quir (cf. Figure 34D) between 1987 and 1995 (Frihy and Dean, 1992). The borrowed sand used (0.31
3
million m ) was transported from the desert, some 150 km to the south of Alexandria. In general, the
nourishment projects were effective in protecting and improving amenities on the eroding beaches (cf.
Figure 34D).
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Figure 34 : Photographs of Alexandria coast showing (A) Nearshore Islets fronting an undulating
coastline of large embayments and pockets beaches, aerial photo (1955) (B) a Casino built on
limestone remnant ridge showing sign of erosion, (C) limestone ridge forming submerged shoals (D)
nourishment beach at El Asafra (1988), (E) Widening project
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According to Frihy et al. (2004 and 2009c), sand nourishment is recommended in the context to
restore Alexandria Metropolitan beaches to the state that existed some 50 years ago. It would provide
material for the widening of narrow sandy beaches and those exposed with no sand (cf. Figure 34B).
Recreational benefits of a wide beach can revitalize the economy of Alexandria beaches by improving
its use. Moreover, supplying good quality borrow material to the littoral cell-system can contribute to
the protection of Alexandria beaches from sediment deficiency erosion and anthropogenic impacts as
well as from future effects of the accelerated sea level rise due to climate change. In this context,
analysis of historical records obtained from tide gauge at Alexandria indicate a continuous rise in
relative sea-level fluctuating between 1.6-1.9 mm/yr (El Fishawi and Fanos, 1989; Frihy, 2003). This
would worsen the present sand loss from narrow beaches and decrease the protection from future
storms. This has resulted in a need to investigate the shelf area adjacent to Alexandria coastline for
use as borrow areas for beach fill material (Frihy et al., 2006). We expect that the challenge of climate
change and the need to protect existing beaches of Alexandria will create a demand for offshore
borrow material.

Figure 35 : Cross shore section of the Corniche road extension project along Alexandria showing
main project components (Frihy et al, 2004)

More recently, during 2004-2007, two submerged shore-parallel breakwaters were built along
Mandara-Asafra to mitigate the effects of wave overtopping that negatively affects the relatively lowlying coastal road (2.5m elevation) during winter storms (cf. Figure 36). Accidentally, in December
2003, a large storm surge generated a high wave that flooded the low-lying Cornish road at El
Mandara which lies on the lowest point of the coastal ridge (Frihy et al. 2004). In order to face the
frequent effect of storm wave-run up, this submerged shore-parallel breakwater (2 km long by 15 m
width) was built recently off the lowest point #1 at Mandara-Asafra beach.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 107
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 36 : Maps of major protective structures constructed to mitigate effects of beach erosion and
sea level rise: (C). El Asafra – Mandara breakwater. (D). Mohamed Ali seawall.

Photograph of most of these protective structures are presented in Frihy (2009b). Shoreline position of C and D
are generated from ETM Satellite images of 2007

Contrary to the Alexandria Metropolitan area, the low to negligible recession rates observed along the
western coast (west of El Dekhiela headland), result mostly from the engineering structures built
locally to create recreation beaches, with no intention to mitigate the beach erosion (Frihy, 2001).
Engineering structures have been built along the western coast in an effort to create sheltered
recreational beaches, marinas and artificial lagoons. As expected, these structures have resulted in a
series of negative impacts on the shoreline morphology; accelerating beach erosion, distorting the
beach's beauty, creating harmful swimming environment, and making beaches difficult to access
(Frihy, 2001). These structures have been desired by investors because beaches in this region have
mostly a relatively steep slope and narrow surf zone where waves break close to the shore and
develop directly into an intense swash that runs up and down the beach surface.
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4.2.2.

Classification with Regard to Coastal Protection

As shown on the figure below, a portion of the Nile delta coastal area near the city of Alexandria is
particularly vulnerable and requires installation of coastal protection works.


Vulnerable coastal areas or ‘seriously eroding areas’ are:
-

the flat and low-lying coastal plain (0–1 m above MSL), such as the western backshore zone
of Abu Quir Bay and El Tineh plain

-

Deltaic coastal plain areas affected by subsidence such as Abou Quir – Alexandria area

Figure 37 : Map of the Nile delta showing the main vulnerability degree and the existing structural
mitigations along the Nile delta coast (Frihy, 2003)



Invulnerable coastal areas or ‘naturally protected safe areas’ are:
-

Beaches and coastal plains backed by high-elevated features such as coastal dunes and
shore-parallel carbonate ridges which act as a natural defense system against beach erosion
and SLR. The Pleistocene carbonate ridges, fronting the western beaches of Alexandria and
the local rocky limestone islets off the waterfront of Alexandria, are effectively protected and
combat possible consequences of SLR. The rocky carbonate ridges (nos. 1, 2 and 3 – see
Figure 39) are acting together to protect the low-lying areas south of the city and west of Abu
Quir land. Similarly, the coastal dune defense system fronting the backshore of Abu Quir Bay.

-

Areas experiencing land uplifting such as part of Alexandria will not be affected by the SLR, if
the tectonic uplift exceeds the global SLR. The uplifting of Alexandria (3 mm/year) is
balancing the rate of worldwide rise of sea level including the global warming (eustatic). This
would yield a nearly stationary state of RSLR.

-

Prograding (accreting) coastal zones even if they are subsiding. These zones are not
vulnerable to SLR if the rate of accretion exceeds or at least balances erosion induced from
other factors including SLR. Shore parallel-accretion sandy ridges exist at some localities
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along the Nile delta coast particularly the central part of Abu Quir Bay. Shoreline of these
zones is seaward protruding with an average rate between 2 and 12 m/yr (Frihy et al. 2003a).
 Artificial protected areas are:
-

Areas with relevant structures that can adapt to future SLR even if such areas are experiencing
subsidence or relative SLR. Several protection works have been intensified along beaches of
Alexandria to combat beach erosion. These measures include inlet lagoon and harbor jetties,
groins, seawalls, detached breakwaters, revetment as well as beach nourishment. In all of
these erosion control devices, the principle is to prevent waves from attacking the shore by
interposing energy-absorbing structures.

-

At Alexandria several beach nourishment projects were completed between 1987 and 1995 to
mitigate shore erosion. Some of these projects were implemented with short groins. Beach
nourishment along Alexandria coast is the preferred response to mitigate erosional problems
and to maintain wide recreational beaches.

-

Along the Nile delta coast, the oldest structure is Abu Quir seawall with an elevation of 1.4m
above mean water level and 10 km in length. It was initially built in 1780 to protect the low-lying
cultivated land behind it from sea flooding. From 1983 till 2010, this wall was reinforced; its sea
front slope was enhanced to 1:3 by placing an armor layer of modified cubes of 2 tons. In
addition the wall crest was elevated to be 3 m above mean sea-level to combat possible sea
level rise.

Figure 38: Photographs of selected mitigation measures at Alexandria coast: (A) beach nourishment
at Alexandria, (B) oblique aerial photograph of Abu Quir seawall fronting the low-lying cultivated
land, (C) Abu Quir sea wall before reinforcement, (D) Abu Quir sea wall after reinforcement (Frihy,
2003)

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 110
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 39: (A) General map of the Arabs Gulf at the western Mediterranean coast of Egypt showing
location of the shore-parallel limestone ridges partially extended across the study area (modified
after Butzer, 1960; Misdorp and Sestini, 1975). (C) Map showing the detached breakwaters
constructed on the 6th of October beach west of Alexandria.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 111
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 40: Map of Alexandria coastal zone, showing study beaches and harbours and alongshore
variations in beach width. Artificial beaches are indicated by asterisks.

Source: Evaluation of coastal problems at Alexandria - Frihy (1996)

4.2.3.

Coastal Protection Activities

The Egyptian Shore Protection Authority (S.P.A) has executed many protection works along the
Nile Delta coast, which can be summarized as follows:
•

Alexandria beaches Sand nourishment for El-Shatby, Stanley. El-Asafra , El-Mandara, and
Abu Quir

•

Reinforcement of breakwaters of eastern harbor (1994 tiIl 1998)

•

Protection works were constructed at the eastern harbor in 2004 to protect Corniche road
from wave overtopping coming from the gap between the west and central breakwater during
storms with total cost of 7.2 million E.P

•

Rosetta Revetment (total length 5 km), 3.5 km at the eastern coast of Rosetta branch and 1.5
km at the western coast; this revetment was constructed in 1986-1991 with total cost of 60
million E.P

•

Protection works were constructed to the east of Rosetta Revetment (1998-2008);
construction of 5 groins and backside dyke (4.5 km) with total cost of 63 million E.P

•

Protection works were constructed to the west of Rosetta Revetment (2004-2010);
Construction of 9 groins of various lengths with total cost of 93 million E.P

•

Baltim coast zone (4 phases), construction of 14 breakwaters to protect about 10 km of the
coast with total cost of 77 million E.P
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•

Protection works were constructed to the east of Burollus lake outlet during the 2004-2010
period; these works include a groin and two breakwaters with total cost of 15 million E.P

•

Ras El Bar area, construction of 8 breakwaters (2 phases) from 1992 to 2000, with total cost
of 30 million E.P

•

Ezbet - El Borg area, which is located to the east of Damietta branch, construction of long
Revetment 6.5 km length (3 phases) in 1993-2003, with total cost of 172 million E.P

Figure 41 : San Stefano beach development project
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Figure 42: A satellite image of groins for Geleem and San-Stefano Areas, (Google Earth, 2009).

The Miamy-Montaza submerged breakwater was installed in 2007-2008 to control the beach and
shore line problems. The performance of the submerged breakwater system after its complete
construction were measured through 24 months of monitoring for the shoreline, sand beach, sea wall
stability, cross-shore, and wave transmission.
The following has been observed:
•

Pre-breakwater installation, the maximum beach width was 20 meters. The shoreline
continued to retreat until it reached the sea wall in several locations with zero beach width.

•

Few months after installation, the shoreline accreted an average of 100 meters. No erosion
happened and no beach nourishment was needed at any point along the 3000-meter length
of the shoreline protected by the submerged breakwater.

•

Wave height all year round never reached 0.5 meters in the leeside as theoretically
predicted. The submerged breakwater system showed much more efficiency during storm
times than was anticipated.

•

Sea walls remained untouched and waves never came close to the shore line.

•

So far, Shoreline after accretion remains unchanged.

•

Water quality has improved and signs of contamination disappeared.

•

Swimmers were safe and no drowning cases were claimed for the first time in years.

•

The beach is suitable for swimming, fishing, and relaxation almost all year
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Figure 43: Miamy to Montazah Corniche development project (submerged breakwater)

Source: Shoreline response for breakwater of Alexandria (Bahaa El-sharnouby and Akram Soliman)

Submerged Breakwater Miamy to Montaza
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Figure 44: Rubble mound submerged breakwater.

Source: Shoreline response for breakwater of Alexandria (Bahaa El-sharnouby and Akram Soliman)

Efficiency of the submerged breakwater at depth 8.0 meter in storm time.
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Other projects and shoreline protection activities were implemented in the last 5 years:
o Cornish beach reinforcement; the revetment protecting the shoreline against erosion and the
beach profile was completely reinforced.
o

New groins, breakwaters and deep submerged breakwater for the Cornish protection project

o

Beach nourishment, protected temporarily against storms and showing quick results in the
Sheraton area (but lasts a short time and needs to be done periodically).

o

Sea walls were effective at reducing erosion landward of structure in Chatpi area, but caused
erosion in front of the structure.

o

Detached emerged breakwater with narrow crest was a complete failure in Cleopatra area
with adverse results.

4.2.4.

Shoreline Protection Diagram

From previous studies and projects, and using ArcGIS tools, a shoreline erosion protection diagram
was developed with classification of: no protection, partial protection and good protection against
shoreline erosion. Figure 45 shows that most of the west coast is not protected, and most of the east
coast is either not protected or partially protected
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Figure 45: Coastal protection diagram

(data compiled by the AASTMT team from protection project data of Dr. Frihy publications 2003-2009, Dr. Akram Soliman
publications 2006-2009 and Arab Contractor company Cornish project)
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4.3.

Evolution of the Shoreline
4.3.1. Diachronic Analysis of the Shoreline Evolution
From the analysis of ancient maps and photos, it is possible to estimate the evolution of the
Alexandria shoreline. Figure 46 shows the positions of harbor installations of ancient Alexandria
superimposed on a present day chart of Alexandria to demonstrate the evolution of the shoreline.

Figure 46 : Positions of harbor installations of ancient Alexandria, superimposed on a chart of
present day city (redrawn by M. Turner after Morcos, 2000)

In the following figures, the shoreline evolution was digitized using a source of Spot 4 2010, along
with other satellite and survey maps collected for the project and using ESRI ArcGIS software.
Figures 47 and 48 show that in Alexandria and Dekhila ports area there is significant coastal
development along the shore.
Figure 49 shows that from the Miamy to Montaza area the erosion is much less even in some areas
where the shoreline has grown because of the breakwater instalments. Also in San Stefano and
Gleem area, the figure shows much coastal development over the years.
In Abu Quir Area and Montaza, Figure 50 shows the port development and shoreline erosion over the
years. This figure also shows a small shift in the satellite image georeference, which limits the
shoreline analysis and erosion accuracy but still can show the development in the port.
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Figure 47: Shoreline Evolution between 1972 and 2010

(digitizing shoreline from satellite images: Landsat MSS1972, Landsat TM1990, Landsat ETM2000 and
SPOT42010)
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Figure 48: Shoreline Evolution of Alexandria Port Area between 1972 and 2010

(digitizing shoreline from satellite images: Landsat MSS1972, Landsat TM1990, Landsat ETM2000 and
SPOT42010)
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Figure 49: Shoreline Evolution of the Cornish Area from Montaza to Shatby between 1972 and 2010

(digitizing shoreline from satellite images: Landsat MSS1972, Landsat TM1990, Landsat ETM2000 and
SPOT42010)
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Figure 50: Shoreline Evolution of Abou Quir and Montaza Area between 1972 and 2010

(digitizing shoreline from satellite images: Landsat MSS1972, Landsat TM1990, Landsat ETM2000 and
SPOT42010)
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4.3.2. Impact of Storms on the Shoreline Evolution
The most dangerous meteorological event along the coastal area, having a strong impact on it, is
mainly the storm tide. Strictly speaking, the storm tide is an exceptional rise of sea level due to a
« storm surge », which adds on to the normal astronomical tidal waves. The storm wave also known
as “storm surge” is an over elevation of the sea level due to the double effect of wind and low
pressure. To this storm surge, is added at the shoreline the “set-up”, which correspond to an
additional elevation due to the wave breaking, and then the “run-up”, which is the wave rise along the
beach and/or constructions exposed to the storm surge.

Figure 51: Storm tide components

4.4.

Analysis of Marine Submersion Hazard in the Present Situation
4.4.1. Definition of the Submersion Level
The extreme levels at the coast will be the result of interactions between several factors described in
Appendix 5:
- Tide ,
-

Rise/fall of storm surge level produced by wind,

-

Atmospheric pressure,

-

Coastal “seiche” factors,

-

Fluctuations due to swells.

At Alexandria, the exceptional spring tide level would be around 97 cm above the Lowest
Astronomical Tide (LAT), also called zero chart datum.
The factors related to storm effects lead to estimate the « less frequent » storm surge of close to 60
cm, even though a value of +1,5m (without run-up) has been measured once.
As a result, the submersion level during stormy periods that can be considered today is less
frequent but rather realistic and could be considered as equal to 1.60 m LAT.
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4.4.2. Submersion Effect on the Coastal Area
The surface topography of the coastal plain of Alexandria varies from high-elevated features to lowlying areas, each reflecting a certain degree of susceptibilities to erosion and thereby sea incursion
(Frihy et al., 2009). Major topographic features with their various levels are identified by Frihy et al.,
2009. The identified topographic features are categorized according to their elevations from mean
sea-level into (but we do not know the DEM precision used, which is a determining factor in the
analysis of surface calculation results):
2
- Low-lying vegetated lands down to -3 m below sea-level (700 km )
2
- Carbonated ridges (237.22 km ).
Rising sea level increases vulnerability of this low-lying area, especially to wind-induced waves driven
onto the coast during winter storms.
Starting from the west, the 15-km long coastal road named “Corniche” fronting the northeastsouthwest metropolitan strip of Alexandria lies on the carbonate ridge and elevates from 2.4 m to 12.3
m with an average of 5.4 m above mean sea level (Frihy et al. 2004). The highest elevation exists at
Stanley (12.3 m) and Miami beaches (9.4 m), while the lowest point is located at El Mandara (2.4m).
The marked undulation of the Corniche land surface reflects the original topography of the
carbonate ridges running parallel to the coastline, which spatially form the coastal strip of Alexandria
Metropolitan area. With the exception of the lowest point at El Mandara, this elevated coastal
carbonate sand ridge underlying Alexandria and Abu Quir cities acts as a natural barrier between the
sea and the low-lying El Tarh area. This ridge is one of eight coast-parallel carbonate rocks (termed
kurkar ridges or aeolianite in Israel) in this region (Butzer 1960). These high-relief ridges blanket the
backshore and the upland areas from Alexandria to Sallum on the Libyan/ Egyptian borders.
Abu Quir lagoon was an active wetland area until at least the early 19th century (Chen et. al. 1992;
Arrowsmith 1802; El Rafeay 1948). Although it is now completely drained and cultivated, its existence
can still be distinguished on satellite images. Fortunately, this low-lying area is now protected to the
northeast by El Tarh or Mohamed Aly sea wall, which was built in 1820-1830 to mitigate salt water
intrusion and wave overtopping over banks of El-Mahmudiyah Canal. The 10-km long by 3 m altitude
sea wall, originally built as an earth embankment barrier, extends straight in the east-west direction.
Diverse socio-economic frameworks, including cultivated land, power plant and petroleum/gas
factories lie directly in the leeside of this sea wall.
El Tarh low-lying area (700 km2) could have a catastrophic flooding without any global rise in
sea-level if water bypasses accidentally from the lowest point in the limestone coastal ridge at
Mandara beach (risk area #1), that is now 2.4 m above mean sea-level, or from Mohamed Aly
seawall (risk area #2). As evidenced from the land survey of Frihy et al. (2004), it is evident that
Alexandria, including Abu Quir city to the east, is not a below-sea level sector, but is built on the subaerially exposed shore-parallel carbonate ridges.
The large low-lying dry area of 700 km2 occupies the western sector between Alexandria and the
Nile Delta at El Tarh and the elevated carbonate ridge on which Alexandria was built. This cultivated
low-lying area that backs the Alexandria region is now 1.5 to 3.0 meters below mean sea level. It is
protected to the west by shore-parallel coastal ridge and from the north by El Tarh seawall.
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Figure 52 : Land surface topography along the coastal plains of Alexandria showing the large-scale
low-lying area (3 m below mean sea level; 700 km2).
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This area is natural protected by the 5.4-m elevated carbonate shore-parallel ridge beneath Alexandria and also by Mohamed
Aly seawall to the northeast (3 m height). This low-lying area was an active lagoon and eventually drained and converted to
agriculture land by the end of the 19th century (Arrowsmith 1802; El Rafeay 1948; Chen et. al., 1992; Goodfriend and Stanley
1996). Risk areas, #1 to #2, vulnerable to marine submersion are positioned as large arrows. Land features are mapped from
ETM Satellite image 2007 and modified from Frihy et al. (2009).

The cross-shore topographic variability of this region is simply plotted in Figure 53, depicting the
nearshore zone, Corniche road, Alexandria metropolitan strip, and El Tarh low-lying area.
2
Accordingly, the low-lying cultivated area (700 km ) SE of Alexandria at El Tarh and Abu Quir city is
safe unless damage to El Tarh seawall (risk area #2) happens, for example, by an earthquake or a
tsunami which may cause a catastrophic flooding of this low-lying area. These extreme events can
also affect the lowest point east of Alexandria (risk point #1). Accidentally, in December 2003, a
large storm surge generated a high wave that flooded the low-lying Cornish road at El Mandara
which lies on the lowest point of the coastal ridge. In order to face the frequent effect of storm
wave-run up, a submerged shore-parallel breakwater (2 km long by 15 m width) was built recently off
the lowest point #1 at Mandara-Asafra beach. A series of similar detached breakwaters are planed to
be built alongshore of Alexandria to mitigate beach erosion resulting from coastal processes and the
effect of sea-level rise.
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Figure 53 - Alongshore-altitude of the coastal road “Corniche” backing Alexandria coastline from El
Silcila to El Mandara (map from Frihy et al. 2009).
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The general topography of this region is schematically diagramed in the cross-shore transect (A - B). Large lowlying area is predominant south of Alexandria Metropolitan strip that is built on the high elevated-coastal ridge
n°2.

4.5.

Analysis of Erosion Hazard in the Present Situation
Beach erosion in Alexandria has been increasing at an alarming rate and is one of the Governorate
major concern. The phenomenon is quite complex and it is important to differentiate between the
dynamics occurring in different parts of the region. The Nile carried the sediments that have over time
formed the Delta but the completion of the Aswan High Dam in 1964 put an end to this natural cycle.
Since then, the sea currents have been eroding the beaches of the North Delta east of Alexandria
from Rosetta to Port Said with no deposit of new sediments to counter the erosion. The situation has
been exacerbated by tectonic subsidence of the Delta estimated to be on the order of three
millimetres per year. Compounding the vulnerability of the coastal plain is the extremely flat
topography whereby a small rise in sea level can flood large horizontal areas.
The erosion of the outer margins of the promontories (with a loss of several kilometres) at the estuary
of the Nile’s two branches at Damietta and Rosetta as they flow into the Mediterranean Sea is clearly
visible on aerial photographs three decades apart. The impact of these natural forces changes the
shape of the coastline.
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The situation in Alexandria west of the Rosetta Promontory is quite different. The site is crossed by
seismic fault lines and has a history of earthquakes which submerged the Ptolemaic and Roman
settlements and eventually brought down the famous lighthouse. The geographic composition of the
subsurface (carbonate rock) prevented significant widespread subsidence. The disappearance of the
Canopic branch of the Nile around the first millennium A.D. deprived the area of alluvial sediments.
The current land features are the result of a pattern of emergence and subsidence mostly related to
seismic and tectonic activity.
Sea carried sediments in Egypt’s Mediterranean coasts are moved by currents from west to east. The
sandy beaches along Alexandria’s otherwise rocky coast were formed by white carbonate sand drift
from the north coast (Agami to Salloum). Today’s severe beach erosion problem is the outcome of
human action and not natural forces. The main culprits are the touristic developments along this
north coast. Resort construction grew exponentially since 1990. Each resort developer built
breakwater structures to create jetties, protect marinas and reduce beach erosion in his resort without
taking into consideration the impact of these structures on the coastline outside the project area. By
law, construction is prohibited within 200 meters of the mean watermark. Real estate interests invest
heavily in development along the coast, ignoring the regulations and encroaching on the protected
zone. Their project-based, short-sighted vision is affecting the surrounding environment destroying
the coastal marine ecology and impacting Alexandria. The result has been an environmentally
disastrous scouring of beaches to the east, now deprived of replenishing deposits.
Furthermore, the diversion of natural sea currents by a multitude of breakwaters and sea walls
prevents adequate flushing of bays and harbors resulting in pollution and algal blooms along the
beaches.
Alexandria beaches now require periodic nourishment to continue to attract the summer season
tourists. Even so, Sidi Bishr beach lost 50 meters in 20 years to erosion by scouring.

4.6.

Risk Mapping in the Present Situation
4.6.1. Nature of the Coastline
The entire range of coastline does not react always in the same manner to sea level rise.
According to the nature of the coast and its geomorphology, the impact linked to sea level rise (SLR)
will manifest differently.


Cliffs: The cliffs, which are, as per definition, forms of erosion, will continue to recede at a
higher speed than what it used to be before the sea level rise.



Beaches: Beaches are not condemned to disappear. They may get piled up on themselves
and start moving more towards the land as long as such movement is not obstructed by
something. Such obstruction could be natural (a steep slope or a dead cliff for instance) or
anthropogenic (constructions). For the latter, and in the case where such a landward
movement is impossible, the erosion process will accelerate and the beach will eventually
disappear.



Low lying areas: The low lying areas along the coast line, besides the erosion of their
fringes will be submerged if their height is less than the height of the sea level rise. In the
case where the shore line is made up of permeable materials, it may undergo the soil salting
process as a result of sea water intrusion.
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The Alexandria coastline is situated in the north of the coastal carbonate sand ridge, which can be
classified as coastline beaches.
4.6.2. Risk areas – Definitions
The risk areas along the coast line can be defined by the combination of hazards (submersion and /
or erosion), which affect a particular area, and the sensitivity of a particular spot (level of occupancy
and use by facilities), which can be translated in terms of stakes (socio-economic and heritage
stakes). In order to assess that, the following studies need to be carried out:


Risk assessment of sea water submersion (assessment of storm surge locally measured and
observed during storms, areas affected by water during submersions) based on existing data as
well as those acquired after an on site study.



Risk assessment of mechanical aggression by the swell along with the coastal erosion effects.



Assessment of present and future stakes taking into consideration the hazards.

The risks of marine submersion are linked to the variations in sea level rise, which mainly depend on
the combination of the following factors:
•

Astronomical tide

•

Meteorological factors (wind, atmospheric pressure),

•

Hydrodynamic factors (set-up, surf-beat, etc.),

•

Coastal morphology, which reduces or increases some actions ,

•

Application time for erosive factors.

The rare variations of sea level and the recent SLR need to be also taken into account.

MARINE SUBMERSION: DEFINITIONS AND GENERAL FEATURES
9

In the methodological guide on the CRPP , the marine submersions are defined as " temporary
flooding of coastal region by sea during severe meteorological (strong depressions and sea wind)
and tidal conditions causing storm surges. Such submersion occurs, generally speaking, in low lying
areas that are situated below the highest point of sea level but at times even above, if storm surges
go above the coast protection constructions”.
The submersions may occur due to:
•

The rupture or destruction of a sand dune string,

•

The overflowing and rupture of coastal protection works sideways to the sea or even due to
exceptional overflowing by « sea billows ».

•

The very high waves (tsunamis) provoked by under water land slides or earthquakes.

9

Coastal Risk Prevention Plan (CRPP) / Plans de prévention des risques littoraux (PPR) –Methodological Guide – French
documentation, 1977.
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Because of their origin, the marine submersions are generally of short duration (ranging from few
hours to a few days in exceptional cases). Such events submerge constructed and non constructed
assets with saline water.

Inundated areas in the Gulf of l’Aiguillon (France) on 04/03/2010 after
it was hit by a storm surge of +1,5m resulting into a huge tide (coef.
102) provoked by storm XYNTHIA dated 28/02/2010

EROSION HAZARD: DEFINITIONS AND GENERAL FEATURES

In the methodological guide on the CRPP “the erosion hazard refers to a strip of “erodible” land
over a period of 100 years. Such area is not defined by a probability factor of occurrence which is
rather difficult to understand. In fact, each storm has this occurrence probability factor coupled with
the occurrence of high level sea rise (tide +storm surge) and the occurrence probability of an agitated
sea."
The delimitation of this area therefore is based on the calculation of the annual average erosion
level observed during diagnostic studies. Its changing pattern needs to be extrapolated on long term
considering the annual average rate calculated during the period studied as invariant.
In the presence of constructions along the coast line, the principles developed in the Guide will be
retained, viz.:


« for the developments and constructions that strengthen the coast line (groin, breakwater,
nourishment, dune protecting measures), the effect of the construction works is taken into
consideration in working out the future coast line evolution, which helps to integrate the efficiency
of the construction works and their long term durability"



« for the longitudinal construction works that strengthen the coast line position (sea wall, stone
bedding), the hazard results mainly from the ruptures which, in principle, should be quickly fixed
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and repaired. It is therefore rare to record a real coast line retreat unless the construction works
are not made as per the hydrodynamic conditions of the site. In that case, the risk area will be
determined by extrapolating the annual changing pattern of the neighboring unprotected areas
ensuring that such areas are not too variable.
Based on this risk and stake assessment, it is possible to work out the level of development that can
be planned to improve the security of assets and people.
The following figure taken from the Shore Protection Manual (CERC, 1984) illustrates the wave effect
on the coast in relation to high sea level rise. If the beach is not sufficiently wide for withstanding
the swell or if the upper side of the beach is contained by "hard" structures (residential buildings, walls
running lengthways), the erosion of the beach profile is heightened, the undermining effect appears at
the bottom of the “hard” spots, thus contributing to destabilize them. Such phenomenon leads to the
lowering of the beach profile.

Figure 54 : Diagram of storm wave attack on beach and dune (Shore Protection Manual, vol. 1,
Coastal engineering research, 1984)
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4.6.3. Risk Assessment
4.6.3.1. Risk level assessment
The final stage of the risk assessment consists of determining the risk level by cross-cutting on one
hand, the erosion hazard and sensitivities (stakes) on the other, the submersion hazard and
sensitivities (stakes). The results are shown in the following figures.
Before mapping the risk areas, the risk value in relation to hazards and stakes is estimated. The
following table worked out for this purpose provides the “theoretical” values that need to be modulated
and adapted for the Alexandria coast line.

Table 15 : "Theoretical" risk values depending on « erosion » and « submersion » hazards

Sensitivity

Erosion
hazard

Submersion
hazard

Low

Medium

High

Low

Low risk

Medium risk

Medium risk

Medium

Low risk

High risk

High risk

High

Medium risk

High risk

High risk

Low

Low risk

Low risk

Medium risk

Medium

Low risk

Medium risk

Medium risk

High

Medium risk

Medium risk

High risk

Following an overall study of socio-economic and heritage stakes of the Alexandria coast line, both
these stakes have been gathered into a single category. In fact, the heritage stakes do not seem to
appear on the Alexandria coast line, so it is not justified to consider them at the same level as the
socio-economic stakes. In fact, the criteria according to which the heritage stakes have been
assessed are the following:
Regulated areas
Scientific inventories
International commitments
Land protection area
Forests
Beaches and dunes
Maritime marshlands : vegetations, saline fields, silt, wet sand
Continental and lagoon waters
Scenery
Historical heritage – protection parameters
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Nature of sensitive areas on Alexandria coast line
The risk prone zones within the study area are only represented by sandy beaches: the sandy
beaches especially when they are bordered by constructions on the water front and without any
protective construction should be considered as extremely vulnerable. Whatever the scenario, these
beaches will disappear. The coast line will be settled by construction, which will generate various
forms of degradation.

Present hazard and stake assessment
A. EROSION HAZARD ALONG THE ALEXANDRIA COAST LINE

The analysis of the changing patterns of Alexandria coastline collected from the diagnostic study of
the coastline evolution enables to define the coastal sensitivity facing erosion hazard taking into
consideration the hydro-sedimentary constraints
This hazard is (cf. Figure 55) rather low on the overall coastline except between the Dekhiela harbor
and the Western port of Alexandria, as well as the El Montazah, El Maamoura and Abu Quir beaches,
where it is classified as medium in case of the absence of coastal protection devices along a beach
of low width and slope.

B. MARINE SUBMERSION HAZARD

During a storm along with a high water level, the coast may get submerged by sea water. In the
present scenario, the spot height of water retained during an exceptional event is approx. +1,60m
LAT along the Alexandria coastline (without run up).
The storm surge at +1.60 m LAT will lead to the partial or total submersion of the entire length of
Alexandria coastline depending on its altimetry. However, such a submersion may not affect the
community facilities (Corniche road for instance), and the urban areas around the coastline, given the
terrain topography on the rear side of the coastal area: 2 to 8m along the western coast (west of
Dekhiela harbor), 3m above MSL in front of the western and eastern harbors, and between 2.4 m and
12.3 m above MSL between Mandara and El Silcila.
As a result, taking into consideration the direct potential impact of the coastal submersion, the length
of the Alexandria coastline has been classified as (cf. Figure 56):
-

Low hazard on the Western side of the Dekhiela harbor, behind the jetties , the eastern and
Western harbors of Alexandria and the east of El Montaza Palace to Abu Quir,

-

Medium hazard from the eastern harbor of Alexandria to Montaza Palace, and at the Abu
Quir beach,

-

High hazard between Dekhiela harbor and the western harbor of Alexandria

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 133
Draft Final Version

BORG AL-ARAB BEACH

EL DEKHEILA
HARBOR
AL-AGMI BEACH

W. HARBOR
E. HARBOR

Arab republic of Egypt
CLIMATE CHANGE ADAPTATION
AND NATURAL DISASTERS
PREPAREDNESS IN THE COASTAL CITIES
OF NORTH AFRICA

ABU QIR
CORNISH

´

legend
Low
0

Erosion hazard map in present situation

10 Km

Medium
High

THE WORLD BANK
Figure 55

GED80823T - Sensitivity map - in present situation Present and futur situation.cdr - jae - aout 2010

BORG AL-ARAB BEACH

EL DEKHEILA
HARBOR
AL-AGMI BEACH

W. HARBOR
E. HARBOR

ABU QIR
CORNISH

´

Max sea level during storm surge = +1.60 m LAT (without run up)

Arab republic of Egypt
CLIMATE CHANGE ADAPTATION
AND NATURAL DISASTERS
PREPAREDNESS IN THE COASTAL CITIES
OF NORTH AFRICA

legend
Low
0

Submersion hazard map in present situation

THE WORLD BANK

10 Km

Medium
High

Figure 56
GED80823T - Sensitivity map - in present situation Present and futur situation.cdr - jae - aout 2010

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

4.6.3.2. Risk Mapping
The present situation erosion and submersion risk mapping worked out on the basis of coastal stakes
and submersion and erosion hazards are illustrated in the following figures.
The land use and other usages along the Alexandria coastline enable us to classify the stakes along
the Alexandria coastline as high (see Figure 57), from Abu Quir in the East to the industrial complex
located along the coastline on the West of the Dekhiela harbor, then the stakes are put in the
medium category.

Erosion risk
The erosion risk mapping in present situation (see Figure 58) is obtained by overlaying (cf.
methodology explained in Table 15):
- Erosion hazard mapping (cf. Figure 55),
- Sensitivity/ stake mapping (cf. Figure 57) worked out on the basis of studying socio
economic and the heritage factors of the coastline.
The analysis of the erosion risk in the present situation shows that the risk is medium all along the
city coastline, except between the Dekhiela harbor and Western harbor of Alexandria where it seems
to be high. It is also estimated high east of Alexandria, for the El Montazah, El Maamoura and Abu
Quir beaches.

Submersion risk
The Submersion risk in the present situation (cf. Figure 59) is obtained by overlaying (cf.
methodology explained in Table 15):
- Submersion hazard mapping (cf. Figure 56),
- Sensitivity/ stake mapping (cf. Figure 57) worked out on the basis of studying socio
economic factors.
The analysis of the submersion risk map in present situation show that the risk is:
-

high between the Dekhiela harbor and Western harbor of Alexandria,

-

medium from the industrial complex located along the coastline on the west of the Dekhiela
harbor till Abu Quir except the area classified as high.

-

low west to the industrial complex located along the coastline on the west of the Dekhiela
harbor.
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4.7.

Analysis of Erosion and Marine Submersion for the 2030 Situation
4.7.1. Estimated Future Rise in Sea Level
Forecasts of the rise in sea levels during the coming decades can be made from the digital
simulations of the future evolution of the climatic system, with different plausible greenhouse gas
emission and demographic expansion scenarios. Whatever the scenario, the rise in sea level will
continue in the coming centuries at a rate that depends on the scenario considered, but is
generally higher than that observed today. For the next few decades, the thermal expansion of the
ocean will continue to be the predominant factor. This is because, given the enormous thermal
capacity of seawater, the heat accumulated in the ocean over time will cause an inexorable rise in the
sea level.
A recent study (Rahmstorf et al., 2006) compared the observed rise in sea level since 1990 with the
rd
projection models of the IPCC (3 report, 2001) (see Figure 60
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Figure 60). This study suggests that the current forecasts concerning the rise in sea level have been
underestimated. Based on a semi-empirical approach and the climatic scenarios of the IPCC, it
forecasts that by 2100, sea level may have risen by 0.5 to 1.4 metres above the levels of 1993.

The document "Copenhagen diagnosis, 2009: updating the world on the latest Climate Science"
produced by the Climate Change Research Centre of the University of New South Wales in Sydney,
Australia, aims at summarizing a maximum of scientific findings published on climate change since
the IPCC report AR4, pending the 5th report planned for publication in 2013. The report concerns all
the subjects covered by Group I of the IPCC, that is to say the physical data and in particular the data
relative to the variations in sea water level.
The rise in sea water level is a consequence of both the increase in the temperature of the seawater
and the additional water input resulting from the melting of the glaciers, ice caps and polar ice sheets.
For the period from 1961-2003, the thermal expansion of the waters accounted for about 40% of the
observed rise in the sea level whereas the melting of the terrestrial glaciers and the ice cap
10)
contributed about 60% (Domingues et al, 2008 . The sea level increased more than predicted
according to Rahmstorf et al (2007).

10

Domingues C.M. et al., (2008) Improved estimates upper-ocean warming and multi-decadal sea level rise. Nature 453,
1090-1093

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 141
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 60 : Sea level change during 1970-2010.

The tide gauge data are indicated in red (Church and White, 2006) and satellite data in blue (Cazenave et al,
2008). The grey band shows the projection of the IPCC Third Assessment report for comparison (in the
Copenhagen diagnosis – Updating the World on the latest Climate Science)

The average rate of sea level rise for the 1961 – 2003 period is estimated at 3.3 ± 0.4 mm per year
11
from the altimetric measurements (A. Cazenave, W. Llovel, 2010 .) whereas in the 3rd IPCC report
(2001), the best projection for the same period gave 1.9 mm per year. The 4th report of the IPCC
(2007) also gave a rise in sea level of the same order of size, within 10%. Thus the current rise is
significantly higher than the projections.
It is still difficult at present to evaluate the variations over time of the future sea water levels given the
offset between the measured data and the projections of the models. The main reason is associated
with the difficulty in assessing the impact of the melting of the ice sheets of the Antarctic and
Greenland.
It is absolutely certain that the rise in sea level will be higher than the most commonly quoted average
range of 18-59 cm in the IPCC report AR4, and all the more so given that this range does not include
the fast dynamics of the future melting of the pack ice. New gravimetric data from the satellite
programme GRACE shows an overall loss of ice mass in the Antarctic (and Greenland), and this loss
is increasing (see Figure 61): 104 Gt per year for the period from 2002 to 2006, and 246 Gt per year
12
for the period from 2006 to 2009 (Velicogna, 2009) .

11

A. Cazenave, and W. Llovel, (2010) Contemporary Sea Level Rise. Annu. Rev. Mar. Sci. 2010. 2:239-267

12

The gravimetric and altimetric observations require correction to take into account the isostatic adjustments of the Earth's
crust, but this is not really known for the Antarctic.
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Figure 61 : Development of zones of melting of the Greenland ice pack obtained from satellite
observations

Figure 62 : Reduction in the mass of the Antarctic ice sheet since 1992

The dotted-line boxes represent the estimates from the IPCC report AR4 (2007). The solid-line boxes are taken
from recent estimates: CH=Chen et al, 2006 ; WH=Wingham et al, 2006; R=Rignot et al, 2008b ; CZ=Cazenave
et al, 2009; V=Velicogna, 2009
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In its chapter on the oceans, the "Climate change science" compendium of September 2009 takes up
recent findings on the rise in sea level described above, and summarizes them as follows:
-

until 1990 thermal expansion of the oceans was responsible for about 50% of the overall rise
in sea level, whereas today it only accounts for 15% of the rise,

-

this reduction in the effect of thermal expansion of the oceans is compensated by the
increase in the contribution of the glaciers, ice caps and ice sheets of Greenland and the
Antarctic. In 2006 the glaciers and ice caps contributed 32% whereas the ice sheets of
Greenland and Antarctica contributed 20%. If the current trend of loss of ice mass continues,
the reserves that the ice caps and glaciers represent will be exhausted by the year 2200.
Table 16 : The different components of the rise in sea level (mm/year)

IPCC 2007b

Cazenave et
Nerem, 2004

Cazenave et al,
2009,

1993-2003

1993-2008

1993-2003

Meier et al,
2007, 2006

Thermal
expansion

1.6 ± 0.5

-

1.6 ± 0.3

0.34 ± 0.12

Greenland

0.21 ± 0.07

0.5 ± 0.10

0.20 ± 0.04

0.38 ± 0.05

Antarctica

0.21 ± 0.35

0.17 ± 0.11

0.55 ± 0.06

0.56 ± 0.06

Other
glaciers
and ice caps

0.5 ± 0.18

1.1 ± 0.24

0.8 ± 0.1

1.1 ± 0.25

Period

4

Continental
contributions
Sum

3

0.17 ± 0.1
2

2.8 ± 0.72

1.2

1.8 ± 0.50

2

3.0 ± 0.50

2.2 ± 0.28

Note:
1

: the sum does not include thermal expansion,

2

: the sum does not include the continental contributions

3

: average of two estimates,

4

: taken from Meier et al, 2007

5

: the terrestrial hydrological contribution is only available on the basis of the GRACE programme measurements
since 2003

The summary report of the Copenhagen Congress of March 2009 on climate change mentions a
possible doubling of the global rise in sea level with respect to the IPCC projections (2007), in
view of the contributions from glaciers, ice caps and the ice sheets of Greenland and the
Antarctic (the rate of loss for Greenland represents a contribution of 0.5 mm/year, and for the
Antarctic it is 0.21 ± 0.17 mm/year for the 1993-2003 period): the projections for the next century give
13
an overall rise in sea level of 1m ± 1m. .

13

Dahl-Jensen, D. (Lead), 2009: The Greenland Ice Sheet in a changing climate. Component 2 in SWIPA: An Arctic Council
Project coordinated by AMAP-IASC-WCRP/CLiC-IPY
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The sea levels will continue to rise for several centuries after temperatures have stabilized,
given the slow response time of the mass of water of the oceans and the ice sheets of Greenland and
the Antarctic to the rise in temperatures. The Figure below illustrates recent estimates of the future
rise in sea level. These projections highlight the fact that sea levels could rise by several metres in the
centuries to come.

Figure 63 : Recent projection of the rise in sea level.

Historical data taken from Church and White (2006), future projections taken from Rahmstorf (2007), WBGU
(2006) and the "Delta Committee" of Vellinga et al, 2008

The authors estimate ("Climate change science" compendium of September 2009) that in the short
term - tens to hundred of years – the glaciers and ice caps will contribute substantially faster to
the rise in sea level than seemed predictable from the ice melting rates. In the long term –
hundreds of thousands of years – the ice sheets of Greenland and Western Antarctica could lead to
rises in sea water levels of 6 metres and 3.3 metres respectively. Numerous geological data support
this. But at present there are no "reliable" methods for modelling the future dynamics of the melting of
the glaciers, ice caps and ice sheets on the level of the seas.
14.

A range of values has nevertheless been proposed for the 21st century (Pfeffer et al, 2008) : the
average global rise in sea level, including all the glacial sources and thermal expansion, could be
situated between 0.8 m and 2.0 m in 2100, but no particular value stands out within this range.

14

W. T. Pfeffer, J. T. Harper, S. O'Neel, Kinematic Constraints on Glacier Contributions to 21st-Century Sea-Level Rise,
Science 5, September 2008, vol 321 n05894, pp1340-1343
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This being said, tide gauge and - more recently - satellite measurements have shown the regional
variability in the rise in sea levels between 1993 and 2008 (see Figure 64), and this variability will
probably subsist in the future.

Figure 64 - a) Map of spatial variability of sea levels between January 1993 and December 2008. b)
Identical to (a) but the average global trend of 3.4 mm/year has been removed
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4.7.2. Proposed Rate of Sea Level Rise in 2030
On the set time scale of the study on the effect of climate change on the towns of Casablanca, Rabat,
Tunis and Alexandria, i.e. 2030, it is difficult to determine a range for the average rise in sea level on
the basis of the latest research work because this date is so close in relative terms.
It is for example situated at the start of the recent projection curves (see Figure 63). However, by
extrapolating the data from the latest work of Cazenave et al (see Figure 60), the average sea level
would rise by 13 centimetres if the gradient of the curve resulting from the satellite observations is
maintained, a value that is situated in the upper section of the range of values proposed by the IPCC
2007 projections.
Taking the value calculated by Cazenave et al (2009) of 2.2 ± 0.28 mm/year, determined between
1993 and 2008, the rise in average sea level by 2030 (see Table 17) would be about 5 cm with
respect to 2008.
On the basis of the curves of Rahmstorf et al (see Figure 63) proposed by Church and White (2006),
the average rise in sea level by 2030 would be about 15 cm, with a maximum of 20 cm and a
minimum of 10 cm.
The ONERC (French National Observatory on the Effects of Global Warming) (Climate and
Energy Efficiency Service – General Directorate for Energy and the Climate - Ministry of Ecology,
Energy, Sustainable Development and the Sea) proposes the following values for the sea level rise
projections in its summary document No.2 of February 2010:

Table 17 : Hypothesis considered by the ONERC

Hypothesis

2030

2050

2100

Optimistic

10

17

40

Pessimistic

14

25

60

Extreme

22

41

100

For the 2008-2010 period, the ANRF (French National Research Agency) is implementing the
MISEEVA project (Marine Inundation hazard exposure modelling and Social, Economic and
Environmental Vulnerability Assessment with regard to global changes), which studies coastal
vulnerability as a cross-disciplinary concept (drivers-pressure-state-impact-response), where the
exposure to the marine submersion risk and that of social, economic and environmental vulnerability
are assessed in a common approach and with regard to the specific nature of the risk in the short to
medium term (2020 - 2050). The programme application site is situated in the western Mediterranean,
and more precisely in the Gulf of Lion. The following trends were chosen for the rise in sea level for
the climatic models:
-

in 2030: an optimistic scenario of 2 cm (on the basis of the IPCC 2007 data) and a pessimistic
scenario of 7 cm with a stronger contribution of the Poles (based on Rahmstorf, 2007)
associated with a storm system equivalent to that existing today,

-

in 2100: an optimistic scenario with a rise of 0.35 m (IPCC, 2007- average according to
scenario A2) and a pessimistic scenario of 1m (Rahmstorf 2007 integrating a large ice-melt
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contribution). These scenarios are associated with the same storm system as today but with
an increase in the wind.
The data recorded by tide gauges installed at Alexandria, show that the overall sea level is increasing
since several years by 1,8mm/year at the Western port and the data measured at Abu Quir show an
average of 3,4 mm par year. However, for this later site, the recording duration has been rather short
in comparison to the Western port.
Supposing the sea level rise carries on at the same speed that has been measured with the help of
data recorded by tide gauge, by 2030, the sea level would most likely reach 4.8 cm at Western
port of Alexandria and 6.8 cm at Abu Quir. These values are therefore very weak. However, no
factor until now enables us to know if the sea level rise is going to carry on at the same speed or not.
Here one realizes the large difference that can exist depending on the general data considered,
to which regional variability must be added.
Whatever the case, given the current uncertainties regarding recent projections, combined with
satellite observations that are far more accurate than tide gauge measurements and the observed
acceleration of ice melting, particularly in Greenland and the Antarctic, a high value of 20 cm can be
envisaged by 2030. Consequently, this value will be used in the framework of this study.

4.7.3. Evolution of Oceanographic and Sedimentological Conditions
4.7.3.1. Impact on tide
On the Alexandria coastline, the impact of climate change should not bring in significant changes
on the tide features taking into consideration the important bathymetry right along the coast line.
4.7.3.2. Impact on swell and storm water level
Swell variations on the Alexandria coastline due to climate change should be very low even
negligible due to the absence of continental plateau. In fact, the bathymetry acts only from very
close to the shoreline for the swell condition propagation. Besides, at least today, nothing enables to
show that in the study area climate change will bring in an increase in the intensity of storm swells
and / or the frequency of storms.
In front of Alexandria, the storm surge value has been estimated +60 cm on the basis of rare
bibliographic data, even if a value of +1,50m would have been observed.
The values of sea level taken into consideration while analysing the submersion effect are illustrated
in the following tables.
In order to evaluate the storm surge effect during an exceptionally powerful storm, a high value
of 20 cm, corresponding to the sea level rise forecast by 2030, has been added to the initially retained
values.
Table 18 : Current and future (2030) sea level without any exceptional event

Alexandria

Sea level (LAT)

Current scenario for the exceptional tide

+0,97 m

Projected scenario for 2030 for the exceptional tide

+1,17m
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Table 19 : Sea level features in case of exceptional events (storms) by 2030

Sector

EST height
(m LAT)

Storm
Surge
(m)

Currently
proposed
maximum
level
(m LAT )

Alexandria

+1,17

0,60

+1,77

EST : Exceptional Spring Tide.

To sum up, the level by 2030 without any exceptional event is estimated approx. +1,17 m LAT during
periods of extreme spring tide and at +1,77 m LAT, if a stormy condition is taken into consideration,
which may lead to an additional sea level increase (without run up).
4.7.3.3. Effects on the local sedimentary context
Sea level rise will not change the sediment characteristics of the Alexandria beaches and shallow
waters.

4.7.4. Coastal Development Projects
The 3,000 meter rubble mound submerged breakwater at Alexandria (Cornish development project)
is considered one of the longest submerged breakwaters all over the word. This breakwater solves
the problems of beach erosion and storm attacks at this area.
There are still many other areas of Alexandria coastline which still suffer from the same problems. A
research project is under progress now to study using of the same techniques to solve erosion
problems in other areas of Alexandria coastline. Other alternative which can be used is the
submerged artificial reefs. More recently, submerged artificial reefs applications have varied widely,
including: aquaculture production; coastal protection (Seaman and Jensen, 2000); and habitat
protection (Baine, 2001). Artificial reef materials must last a minimum of 30 years to provide
ecological services economically, and also be non-toxic to the marine environment (Grove et al.,
1991).
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Figure 65: Proposed artificial beach project at the eastern harbor, including beach fill in conjunction
with groin system (modified from El Fishawi)

Source: Evaluation of coastal problems at Alexandria - Frihy (1996)

In the framework of the present study, we do not have information about future coastline protection
projects at Alexandria, especially along the Corniche. However, it has been decided to study the
whole shoreline from Silsilah to Abu Quir as part of a climate change mitigation plan for the
Governorate.

4.7.5.

Impacts of Seal Level Rise on Coastal Erosion

4.7.5.1. General Principles
Determining the erosion hazard by the end of 2030 needs to be based on the following principle:
application of the annual average rate for the next 20 years to come, based on the existing analytical
data. However, to this element of “average annual” retreat, will be added the effect of SLR due to
climate change. This effect is going to accelerate the sandy coastline retreat if there is already such a
phenomenon or going to add on to such phenomenon on beaches that were rather stable earlier. The
application of Brunn’s law on the basis of the SLR value by the end of 2030 will lead to estimate a
retreat range of coast line along the duration of SLR depending on the coast profile. This value
brought also to an annual average rate should be added to the annual average rate of erosion linked
to local hydrodynamic conditions (swell, current) since these will, a priori, not be changed. It is highly
probable that the retreat phenomenon due to local hydrodynamic conditions and an increased SLR in
relation to the climate changes will not be linear but the obtained value range will however provide
information on the intensity of the potential retreat.
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4.7.5.2. Determination of sea level rise effects
Beaches represent an important part of the shoreline; they are sensitive to sea level rise. In fact, rise
in sea level induces erosion process and shoreline retreat. The sediments, removed from the
beach, are deposited on the beach front side with an increased thickness, which compensates the
sea level rise.

Figure 66 : The effect of sea level rise without obstructions on the upper end of beach15.

A-Before submersion; B- After submersion.
1- Submersible terrain; 2-Lowlands
Normal arrow indicates the direction of coastal system migration and the broken line arrow
indicates the sea water intrusion and the salinization progression

When the coastal area is urbanized, which is the case with Alexandria, beach migration
appears to be impossible. Therefore, this makes these “obstructions” very sensitive in terms of
over-elevation: these obstacles thus become extremely vulnerable. Besides, they contribute to the
acceleration of beach erosion process on the front side.

15

In Étude de la vulnérabilité environnementale et socio-économique du littoral tunisien face à une élévation accélérée des
niveaux de la mer dues aux changements climatiques et identification d’une stratégie d’adaptation – Rapport de la phase III –
janvier 2008 - Direction Générale de l’Environnement et de la qualité de la vie – Ministère de l’environnement et du
développement durable.
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Figure 67 : The effect of sea level rise with obstructions on the upper end of beach27

A- Before submersion; B et C- After submersion at an uninhabited site
and at an inhabited site
1- Submersible terrain; 2- Uneven terrain or with constructions
Normal arrow indicates the direction of coastal system migration and the
broken line arrow indicates the intrusion of marine water and the salinisation
progress

The sea level rise theoretically means the retreat of shoreline, therefore, leading to a net loss of
elevated surface. By knowing locally the maximum tolerable depth of wave activities, the beach
profile, and by applying the sea level rise, it is possible to calculate this retreat with the help of Bruun
16
Rule :

With:
R = Shoreline Retreat Line
S = Sea Level Rise,

16

Bruun, P. 1988. "The Bruun Rule of Erosion by Sea-Level Rise: A Discussion of Large-Scale Two- and Three-Dimensional
Usages," Journal of Coastal Research, Vol 4, pp 627-648
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L* = Distance from shore to depth H* (H* = Maximum depth of swell activities),
B = Verge height at eroded zone.

Figure 68 : Shoreline response to sea level rise as per Bruun Rule.

Though the Bruun Rule has been worked out on the basis of a bidimensional formula which does not
take into consideration all the hydrodynamic parameters, it can still help to predict shoreline retreat.
Therefore, the shoreline retreat calculation, as per the Bruun formula, for an overelevation of
sea level by 20 cm, shows that the length of Alexandria shore line, depending on the local
hydrodynamic conditions (intensity and period of swells depending on the shore sector) may
theoretically lead to, by 2030, an average shoreline retreat of between 10 to 20 meters during
that period, i.e. 0.5 to 1 m per year.
It is therefore important to indicate that the shoreline under erosion and those with small gradient are
and will remain to be the most fragile coastal areas.
4.7.5.3. Foreseeable Impacts on Coastal Erosion
Climate change-induced sea level rise will have a greater direct impact on the north coast resorts
area than on the city of Alexandria. However, the magnified indirect impacts on Alexandria will
increase as resort owners, managers and developers in the north shore continue to expand their high
end developments and their ill-advised protective barriers against sea waves and currents. As a result
of this situation Alexandria will suffer cumulative direct and indirect impacts accelerating beach
erosion.
The most sensitive coastal areas to sea level rise are those formed with sandy beaches, especially
beaches in urban areas, where no retreat is possible and where beaches already suffer from
sediment deficit. The effect of overrising sea level (apart from stormy process) is going to lead to a
theoritical shoreline retreat of 10 to 20 metres compared to the current situation on the overall linear
coastline, and especially west to El Dekheila harbor. A 20 cm sea level rise, accentuating the tide
mark retreat, will intensify the erosion effect and will increase the storm threat on shore protection
walls & structures installed all along the water front of the Corniche.
In sectors where no protection devices has been installed, such as in the Western port of El Dekheila,
the sea level rise will lead to a shoreline retreat. This retreat may have a negative effect on the urban
& community facilities and other residential units located on the upper end of the beach.
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The study of the shoreline changing tendencies at Alexandria enables us to define the shoreline
sensitivity to erosion hazard with regard to hydro-sedimentary constraints by 2030. This hazard can
be considered as (see Figure 69):
o

High, between El Dekheila harbor and the Western harbour, and at El Montazah, El
Maamoura and Abu Quir beaches,

o

Medium, West to El Dekheila harbor,

o

Low, Esat to the Western harbor, up to the El Mandara beach.

Hazard is deemed lower for urban facilities, residential units, public utility facilites of the Corniche and
Abu Quir, if longitudinal protection structures installed on the upper level of the shore are well
maintained and properly supervised following every powerful storm, and if beach nourishment
operations still apply.
Proposed adaptation measures may include, maintaining shore protection structures and beach
nourishment with a high priority to lowlands, restrictions on set backline at low-lying areas, dune
restoration/conservation, controlling water extraction/pumping to minimize intrusion of salt water into
ground water at the Nile Delta plain margin, relocation of buildings and other infrastructure in a
landward direction. Institutional and technical capacity building is needed to integrate both climate
change and coastal management.

4.7.6. Foreseeable Impacts on Marine Submersion
4.7.6.1. Recapitulation of values to consider regarding water level

Alexandria

Sea level (LAT)

Current scenario for the exceptional tide

+0,97 m

Projected scenario for 2030 for the exceptional tide

+1,17m

Sector

EST height
(m LAT)

Storm
Surge
(m)

Currently
proposed
maximum
level
(m LAT )

Alexandria

+1,17

0,60

+1,77

EST : Exceptional Spring Tide.
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4.7.6.2. Impacts of marine submersion
Previous studies have indicated that parts of the coastline of the Nile delta and Alexandria have been
designated as vulnerable to a rising sea level as a consequence of expected climate changes. A
number of studies have qualitatively assessed the impact of climate change on the Egyptian coast
(Broadus et al., 1986; Milliman et al., 1989; Sestini 1990 and 1992; El Sayed 1991; Delft
Hydraulics/CRI, 1991; El Raey 1997; El Raey et al. 1995, 1997, 1999). Most of these studies have
assessed SLR using different sea level scenarios projected on old topographic map surveyed during
1950s. These studies indicated that SLR would have physical, biological and socio-economic impacts.
These include impacts on beaches, residential areas, agriculture, municipal services, commercial
facilities, salt-water intrusion, and tourism and industrial activities:
SITUATION WITHOUT EXCEPTIONAL EVENT (STORM)
20 cm of seal level rise is not enough to generate significant additional submersion. Only beaches
may be affected by such a change, but local topography is not known enough to allow any estimation.
SITUATION WITH EXCEPTIONAL EVENT (STORM)
It is recalled that nothing enables to show that climate change will bring in an increase in the intensity
of storm swells and / or the frequency of storms. Sea level rise will therefore be the only effect taken
into account.
Along the Alexandria shoreline, the lowest areas are beaches. Storm surge of approx. +1.77 m LAT
by 2030 will lead to, as is the case today, the partial (West of El Dekhiela harbour) or total (within
the port areas and along the Cornish) submersion of linear shoreline of Alexandria. There is not
much of marked difference between the current and future scenarios by the end of 2030, taking into
account the shore morphology and the low value of sea level rise considered.
Alexandria old city is safe from direct effects of exceptional events, as it is located at 12 meters above
sea-level. If the average trend is linearly projected across the coastal plain of the study area, the sealevel rise will not likely inundate low-lying areas south of Alexandria area (3 m below mean sea level)
because of its natural protection by the 5.4m elevated carbonate shore-parallel ridge beneath
Alexandria and also by Mohamed Aly sea wall to the northeast (2.5 m height). In the same manner,
the coastal plain from Abu Quir peninsula (Alexandria) eastwards to Sallum westwards, ~600 km long,
is expected to be invulnerable to sea-level rise due to the existence of the high-elevated shoreparallel carbonate ridges.
In the events of storm and high sea level (without run up) by 2030, the additional surface area of
submerged areas would be, at first sight, small regarding the width of the current beaches, which are
narrow or sloping.
As a result, regarding the direct potential impact of submersion on beaches, Alexandria shoreline can
be classified as follows (see Figure 70):
-

Low hazard, West of El Dekhiela harbor, behind the breakwaters of the Western and Eastern
harbors, and East to El Montaza Palace,

-

Medium hazard, between the Eastern port and El Montaza Palace, and at the Abu Quir
beach

-

High hazard, between El Dekhiela harbor and the Western Alexandria harbor
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4.7.7. Risk Mapping by 2030
4.7.7.1. Erosion risk
The erosion risk map for the period till 2030 (cf. Figure 71) is obtained by overlaying:
- Erosion hazard map (cf. Figure 69),
- Sensitivity map (cf. Figure 57) worked out on the basis of studying socio economic and
the heritage factors of the coastline.
The analysis of the erosion risk map for the period till 2030 shows that the risk is:
- high west of the Dekhiela harbor and between the Dekhiela harbor and western harbor of
Alexandria, as well as at the El Montazah, El Maamoura and Abu Quir beaches,
- Medium on the overall coastline and particularly along the Cornish.
4.7.7.2. Submersion Risk
The submersion risk map for the period till 2030 is obtained by overlaying (cf. Figure 72):
- submersion hazard map (cf. Figure 70),
- Sensitivity/ stake mapping (cf. Figure 57) worked out on the basis of studying socio
economic and the heritage factors of the coastline.
The analysis of the submersion risk map for the period till 2030 shows that the risk is:
- high between the Dekhiela harbor and western harbor of Alexandria
- medium from the western harbor of Alexandria till Abou Quir and from the Dekhiela
harbor till the industrial complex located along the coastline on the west of the
Dekhiela harbor
- low on east from the industrial complex located along the coastline to the west of the
Dekhiela harbor .
It appears that the submersion risk does not change much compared to the present situation.
4.7.7.3. Synthesis
The Alexandria coastline stretches concerned by the risk classification are approximately the
following for the present scenario and the period till 2030:

Table 20: Shoreline length threatened by erosion or submersion today and in 2030

Erosion risk

Submersion risk

Present
Future
Present
Future

High
(km)
3.3
46.8
3.3
3.3

Medium
(km)
77.5
34
50.4
50.4

Low
(km)
27.1
27.1

The climate change effect will translate into by a rise of about 54% on the coastline under a threat
of high level of erosion in comparison to the present scenario.
The submersion risk is similar in both situations studied.
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4.8.

Conclusion
In spite of the uncertainties regarding the actual value of SLR by 2030, it will have an impact
on Alexandria coast line.
The SLR will have immediate consequences on coastal erosion: the sandy beaches currently
unprotected and/or which are not periodically recharged or maintained, risk receding by an average of
5 to 10 meters in the next 20 years to come. In the urbanized sectors, while the residences are
protected by a protection wall, the beach retreat, if it has a slight slope, may lead to considerable
damage (undermining at the bottom of walls, etc.). In the sectors where the upper beach is still in a
natural condition, the impact of retreat will be less visible however real.
During a storm along with high water level, the constructions on the upper end of the beaches in
the urbanized Alexandria region face the risk of severe damage as the width of the beach is
insufficient for withstanding the swell impact. The sandy beaches remained in the natural state will be
totally immersed and should manifest a significant amount of retreat. However, they will be able to
reconstruct partially during the fair weather conditions and almost entirely where the rear end of the
beach is made of dunes.
The sea level rise will lead to submersion of the most low-lying areas. This SLR will have a direct
and indirect consequence on the coast line and also on different economic sectors particularly on
tourism. This will require interventions and adaptation measures.
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5.

Hydrology and Inundations

5.1.

Introduction
This section first presents the characteristics of the Alexandria sewage system, then describes the
Maryut Lake (which is the recipient of all drainage and waste waters), and finally addresses the runoff
water and flooding issues.
In the following section, some methods will be highlighted, to examine to what extent the current
sanitation network is capable of receiving wastewater and runoff water to be treated in an effective
and efficient manner during the extreme events such squalls. However, this may give an overview on
the current system, to be used later in the projection part of the report.
More information about waste water treatment plants, industrial effluents, and Lake Maryut water
resources, can be found in Appendix 6.

5.2.

The Sewerage System
5.2.1. General Description of the Alexandria Sewerage system
Alexandria is provided with a combined sewerage system, designed for both waste and runoff waters.
According to data provided by the Human Development Report in 2005, 99.9% of families receive
services of sanitary drainage. However, 6.7 thousand residents live with no such service. Out of the
concern of Alexandria Governorate to provide its residents with such a service, the Sanitary Drainage
Company in Alexandria, exerts all efforts to modernize and update the entire system through various
ways such as increasing the capacity of sanitary drainage water lifting stations, improving Lake
Maryut conditions, updating the network and providing services in deprived areas. The number of
residents receiving this service increased from 853 thousand to 2.9 million and the length of the
networks increased from 259 kilometres to 2,583 kilometres so the number of investments increased
from 23 million to 2,436 billion Egyptian pounds.
Based on the interview with Alexandria Company for Water and Sanitary Drainage about Alexandria
Sewerage system, Alexandria has about 91,000 manholes connected with all pipe sizes. About 9,500
manholes are sorted out for pipelines greater than 300.
The ground level for these manholes can be used with high confidence as spot height for refining the
topography of the city since the distance between each manhole and the other is about 30 meters.
About 27,000 manholes for pipelines smaller than 300 mm have also been obtained in digital format
but with lower confidence since they are not included in their database. It has been found that out of
these 27,000 manholes only 17,000 manholes had trusted location (X and Y coordinates) and ground
levels. The rest either had no location or had no ground level and hence could not be used for
topography refinement. The total number of manholes available for topography refinement is 9500
plus 17,000 sums 26,500 manholes (Spot height). Each pipeline has data for starting manhole point,
ending manhole point, starting level, ending level, length, material type and discharge. The detailed
data on the sewerage system such as design discharge and outlet location of all Sewage Pumping
Stations are presented in tables in Appendix 6 under Hydrology, Sewege system data.
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Figure 73: Treatment structure of sewage network (Source: Alexandria Company for potable water
and sanitary water)
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The data show that lowest Manholes level is -15 m and it is located at the entrance of the Western
Treatment Plant (West Zone). Highest Manholes level is 41 m and it is located near the network of AlAmreya Area (Al-Gzam Area). Figure 73 shows the sewage pumping stations and sewage treatment
plants in the Alexandria area.
5.2.2. Amounts of Daily Discharges
The drainage network in Alexandria absorbs both sanitary and industrial drainage, since there is no
separate network for industrial drainage, and there are no current plans for their separation. The
amounts produced from daily liquid disposals are divided as follows; daily domestic wastewater
3
3
reaches 1.2 million m /day and drainage from industrial sectors is approximately 0.66 million m per
day. These values vary according to seasonal activities and consumptions. Therefore it was
necessary to increase the pumping station capacities and accordingly treatment stations specifically
in the western regions of Alexandria namely, Al-Agamy, Al-Max, as well as some other villages.
Industrial drainage is a major load for the sanitary drainage stations both in the amount and in the
method of treatment. This increases the amount of liquid drains in Lake Maryut, but also of chemical
pollutants, and in particular heavy metals that accumulate in the Lake.
5.2.3. The Receiving Milieu
The treated sewage of the sanitary drainage is drained into Lake Maryuot through el max pumps
station which is the only output to Maryut Lake. The sludge that results from the treatment of the
sewage of the sanitary drainage is drained and treated in 9N facility which is located in the area of
King Maryut near the village of Abu-Bssissa Mansour; 650 km from Bahig Canal to the east and the
bridge of Bangar’s Drain to the west, the Arab Company for Petrol to the east. It is also 200m away
from the seacoast and is parallel to Bahig Canal. It occupies an area of 370 acres.
5.2.4. Basic Problems Facing Sanitary System in Alexandria
Quantity of Rainfall effluent
All the outlets into the sea are closed except run-off water through gutters. The Alexandria Company
for water and waste water faces problems dealing with this due to the lack of data for runoff water
reported. The company has not installed flow meters to measure the quantity of rainfall effluent yet
the total volume can be determined since the water becomes mixed between run-off and wastewater.
(Alexandria water and waste water company).
Liquid industrial discharge
The factories and companies often drain their industrial sewage and waste without treatment into the
general sewage network without legally referring to the Sanitary Drainage Company. This causes a
burden on the General Sanitary Drainage Network. The absence of environmental awareness
towards the importance of sanitary drainage facilities is another problem. In addition, the illegal
connection to the network and misuse of the facilities leads to serious hazards and harmful
consequences. There is a need for funding for extending the sanitary drainage network of Alexandria
and improving the quality of treatment.
Several plans are being proposed to solve these problems including:
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-

Plans for supporting factories and companies and providing them with technical and
environmental consultancy in order to improve their environmental management through the
activation of the treatment stations built inside the factory, and maintain these stations to
reduce the pollution load on the general network and to protect water surfaces.

-

Suggestions to gather factories and companies that have similar drainages and that are close
to each other to build a common treatment station in order to reduce and rationalize the costs.

-

Suggestions to recycle drainage products in order to be used as raw materials in other
industries (Cradle to Cradle concept for Industrial Ecology).

Suggestions to put together liquid drainages of some factories that are close to each other as well as
those whose drainages are of an opposed acidity to obtain neutral drainage liquids.

5.3.

Lake Maryut
Lake Maryut is the discharging pool of the sanitation system. As such, it plays an important role, both
to complement the water treatment and for flood regulation.
5.3.1. General Description
Lake Maryut is bordered in the north by the Muharram Beik – Al-Kabbary Road, in the south by Abees
and Bab Al-Abid, in the east by the International Garden and Al-Nozha Airport and in the west by
Wadi Al-Kamar and Merghem. It covers a total area of 15.85 thousand acres crossed by the CairoAlexandria desert road, Al-Omoum Drain and the navigational channel of Al-Nubaria Canal that are
dividing the lake into five basins as shown in Figure 74. These five basins can be described as
follows:
1. The main basin (6000 acres), bounded by Al-Omoum Drain on the west and the Desert Road
from the south. About half of the basin is covered with large amounts of bamboo, water
hyacinth and Typha. This basin receives the discharges of Al-Omoum Drain and Al-Kalaa
Drain including its insecticides and agricultural fertilizers released from agricultural
wastewater.
2. The fish farm, aquaculture, basin covers an area of 1000 acres; it is bounded by the desert
road from the north and is considered an isolated one from the other basins, but it is
connected to Al-Omoum Drain.
3. The north-western basin covers an area of 3000 acres. It lies on the north of the Desert Road
and the east of Al-Omoum Drain. It receives the drainage of the Nubaria canal and pumps
into Al-Omoum Drain. In some factories, the water of this basin is used for refinery cooling
and for this reason it is called “the refining basin.”
4. The southern basin covers an area of 5000 acres and is located in the south of the Desert
Road. From the east, this basin receives the excess drainage from Al-Omoum drain to be
drained into Nubaria Canal in the west. More than half of this basin is covered with grass and
other types of submerged plants and in some measure its water is pure.
5. The 2000 acres basin derives its water from the navigation channel of Nubaria Canal.
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Figure 74: Location of the Maryut Lake

Source: Source: Planning Centre – Alexandria Governorate, Alamim project – Environmental Centre in
Alexandria Governorate
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El-Max pumping station is the only outfall of Maryut Lake, and controls the water level of the lake that
is up to 2.8 m below sea level.
5.3.2. Hydrology of Lake Maryut
The lake is divided into 10 segments due to the construction of new roads as mentioned in Table 21.
However, there are large interconnecting culverts underneath these roads.
Table 21 : Segments of Lake Maryut Basins

(Source: Comprehensive Strategic Development Plan for Lake Maryut Zone)

The basins of Lake Maryut contain significant areas of open water, as well as areas covered by
natural vegetation that connect with some drains. The vegetated areas cover more than 75% of the
largest basins of the lake which is shown in Table 22 and Figure 75.

Table 22 : Basins of Lake Maryut distributions

Basin

Area
(Fedan)

Area
(km2)

Depth
(m)

Level
(m)

Salinity(g/L)

Vegetation

The main basin

6000

21

0.5-3

-3.70

2.49

60%

The northwest
basin

3000

10.5

0.4-1.7

-3.60

7.09

20%

The southwest
basin

5000

21

0.5-2

-3.60

6.22

70%

The
basin

1000

4.2

0.4-3

-3.75

7.88

15%

fishery

Source: Comprehensive Strategic Development Plan for Lake Maryut Zone
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Figure 75: Lake Maryut basins and surface areas

(Source: Comprehensive Strategic Development Plan for Lake Maryut Zone)

Lake Maryut lies on the north-western edge of the Nile Delta aquifer. The bulk of the groundwater in
the northern part of the Nile Delta is saline. To the south it is topped by a layer of fresh water.
Beneath the lake a shallow aquifer exists, that has slight in-hand hydraulic gradient. The aquifer is
under artesian pressure and is mainly saline. The ground water table ranges from 0.2 to 1.2 m from
the ground surface.
The Surface waters that flow to the lake basins are coming from the drains (Kalaa Drain, Amlak Drain
and Omoum Drain) Figure 76 shows daily water flow (m³) in and out the lake.
•

Drainage water is mixed with treated water in the East Treatment Plant (ETP), as well as raw
wastewater.

•

Only a fraction of the Omoum Drain flow reaches the siphon in the Main Basin of Lake
Maryut. The remainder is diverted to the Southwest Basin while an additional fraction enters
the Main Basin immediately after Desert Road and flows in north-east direction.

•

The flow in the Nubaria Canal at Desert Road is significantly greater than the value calculated
from the sum of the upstream inputs

•

A significant component of the Nubaria Canal flow heads into the Northwest Basin rather than
flowing through the siphon.

•

There is an exchange of water between the Northwest Basin and the Omoum Drain
downstream of the siphon.
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Figure 76: Daily water flow (m³) in and out the lake

Source: Alexandria Company for water and waste water 2009

Water levels and outflows are controlled by the El Mex Pump Station at -2.7 to -2.8 m, below sea
level. The purpose of such regulation is to facilitate the drainage of agricultural lands. It also takes into
consideration the fisheries requirements. An important result of the existence of the pumping station
as a regulator of water level is that the change of influents to the lake is possible without creating
undesired imbalances affecting the surrounding activities.
Nubaria canal serves irrigation in these areas as well as navigation where it ends with a lock in the
western harbour. The locks control the flow in this canal. The locks operations’ at the Mediterranean
Sea allows an estimated value of 30 million cubic meters of sea water to enter the lake annually.
After new expansions the average flow from the east and west wastewater treatment plants became
3
607,000 and 410,325 m /day, respectively.
3

Groundwater discharges into the lake at a rate of 3,300 m /day in the area where groundwater
piezometric head is above the lake water level, i.e., within the Main Basin as well the northern part of
the Fishery and Northwest basins. Beyond this area, i.e. in the Southwest Basin and southern part of
3
the Northwest Basin, lake water discharges into groundwater at a rate of 1,780 m /day. The seepage
meter tests showed exchange with the groundwater table in both directions. Analysis of this data
showed that the changes in the volume of water entering the metered area were sensitive to changes
in the elevation of the surface of the lake. While these results were not conclusive, they do indicate
that the net exchange of groundwater with the lake is low.
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5.3.3. Lake Maryut Management
The area of the Lake is managed according to Law 124 of 1983, which organizes the fishing activities
in the Egyptian lakes. Fishing activities are regulated according to the following:
The General Authority of fisheries, Ministry of Agriculture: the main agency that is responsible for
managing the lake (Article 2).
It is forbidden to discharge industrial waste water, pesticides or any similar toxic or radioactive
compounds into the water (Article 15).
It is forbidden to fill in or drying any parts of the lake (Article 20).
In addition, Law 4 of 1994 "Law of the Environment”, assigns the responsibility of protecting the
environment and monitoring the discharges of various activities into the environment to the Ministry of
State for Environmental Affairs.
Key stakeholders identified in Lake Maryut are:
•

Ministry of Water Resources and Irrigation MWRI

•

Ministry of Housing and Construction: dumping drainage water into the Lake and controlling
the level of water in the Lake;

•

Ministry of Agriculture and Land Reclamation; discharging irrigation waste water into the Lake;

•

Ministry of State for Environmental Afffairs;

•

Alexandria Governorate (Local Authorities), filling in some areas to acquire more land;

•

The local population of Alexandria, represented by NGOs;

•

Sewerage General Authority, dumping sewage into the Lake and discharging municipal waste
water into the Lake;

•

The nearby industrial firms, either discharging industrial waste water into the Lake or using
the Lake water for cooling purposes;

•

Fishermen and fish traders, who sell the fish caught from the Lake

•

Scientific community, represented by the researchers of the University of Alexandria
conducting a number of research works on the Lake;

•

Surface water police Authorities, controlling the water body.

5.3.4. Recent Changes and Environmental Issues:
The ecological conditions, especially in the main basin of the Lake, were adversely affected by
increased discharge of domestic sewage, industrial and agricultural wastewater, so that the water
quality in the Lake deteriorated considerably. Furthermore, the total area of the lake has decreased
2
2
from about 200 km at the beginning of the 20th century to about 63 km in the 1990s, a decrease of
about 68% of its original area. This was due to the large areas of the Lake which were either
reclaimed for cultivation or filled and used for urban purposes. Such deteriorating conditions have led
to severe deterioration in environmental conditions and affected consequently the fauna and flora of
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the Lake. The Lake, from this perspective, used to be a major source of food production, fish and
birds, and offered thousands of jobs to fishermen.
The current environmental conditions in Lake Maryut are generally unsuitable for fish production and
farming, where some areas of the Lake were used as fish farms. Moreover, the quality of fish is
unsuitable for human consumption. The annual fish production from the Lake, which was about 7000
tons annually during the early 1970s, representing about 75% of all fish catch in Alexandria area, has
decreased to about 2680 tons during the early 1990s. Moreover, there is evidence that the high
pollution levels that the Lake suffers from, has led to high levels of metals in the fish, which is still
being fished and sold in the market causing considerable source of health hazards. During the same
period, the number of fishing boats and fishermen has decreased by about one-third, with the
remaining fishermen having much reduced income. Moreover, the importance of the Lake for birds
has diminished greatly over the past two to three decades, due to habitat loss, ecological changes
and increased disturbance and hunting pressures.
The current environmental problems in the lake are summarized as follows:
The continuous land filling and misuse of the lake since 1986 by institutions, government agencies,
and some companies bordering the lake. At the turn of the twentieth century, the actual area of the
lake was 50 thousand acres, and then it was exposed to land filling and draining. Since then, the area
started to shrink until it became 17 thousand acres. Hence, the current area represents 34% of the
total area as it was at the beginning of the twentieth century. Article 20 of law no. 124 of 1983, which
prevents the draining of any lake area, unless based on a report by a committee, was never applied.
Figure 77 shows the changes in land occupation of lakeside areas.
Recently the land filling works have been focused on the main basin. However, a decision was made
by the Administrative Judicial Court to put an end to any encroachments on the lake. Some examples
of lands that were allocated for special activities are:
-

300 acres were added to 500 acres cut by the prime minister’s decision to establish Mubarak
sports city.

-

200 acres for establishing sector seven of the North Coast Highway road.

-

130 acres for establishing the International Park

-

40 acres for the expansion of the sanitary drainage program in Alexandria

Serious shortage in the concentration of dissolved oxygen in some parts of the lake’s main basin and
Al-Kalaa Drain is due to the significant increase of the organic load, which resulted in the prevalence
of the adverse no-wind conditions on the fish wealth, and the release of the smelly hydrogen sulfide.
Increase in the intensity of growth of aquatic plants (vegetation) like reed which results in blocking the
movement of water currents in the lake, which in turn reduces the process of dissolving the aerial
oxygen in the lake water. In addition, they are consuming the dissolved water used in the analysis and
oxidization of the falling quantities of these plants. On the other hand, these dense growths are
considered being one of the key factors in generating the chain of sequence that ends in the
disappearance of the water body of the lake and its gradual turning into land.
Presence of organic (agricultural pesticides and industrial wastes) and inorganic (heavy elements)
pollutants in high concentration in some parts of the lake and drains in the water itself or in sediments
at the bottom of the lake. The north-eastern basin (the main basin about 5000 acres) is considered
the most polluted one, especially the eastern part. These organic and inorganic pollutions cause
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unpleasant smell at the entrance of Alexandria Desert Road, which gives a bad impression to visitors
and adversely affects tourism and investment in the region.
There is mismanaged use of lands around the lake and evidence of illegal land filling found at many
locations with little to no law enforcement.
The continuous emergence of slums on the banks and surrounding lands of the lake are dominant.
Fishermen communities around the lake are low standard of living for the families due to lower fish
production in quality and quantity. Table 23 shows a reduction in the lake surface area in recent years
as observed by satellites.

Table 23 : Reduction in the lake surface area

Source: Planning centre of Alexandria Governorate 2009

Figure 77: Changes in land occupation of lakeside areas

Source: Planning centre of Alexandria Governorate 2009

5.3.5. Rehabilitation Programs
There are many programs and projects to mitigate the pollution in the lake and to conserve the
available shrunken area. These include the following:
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•

Programs for reducing the lake degradation and treating the heavily polluted part of the main
basin

•

Establishing an overall urban planning and land use program in Maryut region.

•

Removing the accumulated garbage from the open garbage dump (Abees), which is adjacent
to the southern border of the basin of 1000 acres

•

Carrying out treatment of the heavily polluted eastern part of the main lake

•

Improving the primary treatment of sanitary drainage water

•

Pollution reduction project for Al-Kalaa drainage water and the main basin by mixing the
relatively high quality water.

•

Monitoring the industrial companies which directly or indirectly drain untreated industrial
wastewater into the lake. The World Bank provided a grant to improve the water quality of
Maryut Lake and make an integrated coastal area management through the provision of loans
to companies draining into the lake. A part of this loan is a non-refundable grant (20%).

•

Development of the banks and clearance of Al-Kalaa Drain

•

Raising the water level in Omdurman drain (2000 acres)

•

Reducing the vegetation density and creating water currents within the basins.



A proposal is being prepared for establishing the institutional framework in coordination with
the concerned authorities.

Table 24 : The Current Situation of Lake Maryut Projects

Project

Benefit

1. Removing and
rehabilitating the
open garbage dump
which is located in
the southern border
of the basin of 1000
acres

- Improvement of water quality

2. Rehabilitating the
eastern part
(600acres) of the
lake main basin
(6000 acres) which
has shallow water
and heavily polluted
sediments

- Disposing of a polluted area

Capital Cost
in Million
Pounds
10

- Fish production increase

Financing
Authority

Position of
Implementation

Alexandria
Governorate

Under
implementation
since the past
two years and to
be completed in
2007

Alexandria
Governorate,
Ministry of
Agriculture and
Land
Reclamation
and the private
sector

Under
implementation
which was
initiated two
years ago

- The utilization of the
environmentally and economically
best methods for the land
- improvement of the environmental
conditions

-Optimum economic and
environmental utilization of this part
- Social and economic
development and creating new
opportunities
-Improvement of environmental
conditions
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5.4.

Runoff Water and Flooding Issues
5.4.1. Present Situation
The sewage network is a combined network that also receives runoff water when it rains.
Information collected from the sanitation authorities (Alexandria Sanitary Drainage Company) about a
design hypothesis includes the following:


Design rainfall : 26mm/day



Intensity: 26mm/120minutes (according to the current characteristics of storms, but detailed data
for the intensity hypothesis are not available)



Runoff coefficients : 0.9 for paved land, 0.7 for unpaved land

According to the statistical analysis provided, the daily value of 26 mm has a return period of 2
years. This means that for a greater event, the collectors and pumping stations will be insufficient.
This will probably lead to overflows, first in the lowest areas.
In the framework of the present study, information about flood problems in the city was not
available. “Black spots” with recurrent problems of collector overflow or drainage issues may exist,
but no inventory is currently available. However, it was reported by the sanitation authorities that 3 to
4 days after high rainfall events, are necessary to pump the accumulated runoff volume in some
places (e.g. Al Agami district). It was unfortunately not possible to get the location of these black
spots.
During the Egis BCEOM’s visits to Alexandria in winter 2009-2010, evidence of such flood problems
was obtained for usual squalls. As shown in Figure 78, even for common rainfalls, streets with poor
drainage conditions are easily flooded, making traffic temporarily difficult or even impossible. It seems
that the main streets are correctly drained and that this problem mainly concerns secondary streets.

Figure 78: Life photo by EBI team during Alexandria visit Jan.2010. A flooded street in Al-Agmi district
after a winter squall
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Since most of direct discharges to the sea have been suppressed, wastewater and runoff water flow
either by gravity or via pumping to Lake Maryut. It is therefore interesting to check Lake Maryut
retention capacity and verify the impact of these discharges on the lake level.
Estimates of the runoff water volume drained to Lake Maryut during a rainfall event are given in
the following table, for daily rainfall events with return period from 2 to 100 years. These estimations
have constructed taking into account the main urbanized area connected to the lake via the sewage
2
network, that is to say 215 km , with a runoff coefficient of 0.9.
The lake basins taken into account are the main basins, the northwest and southwest basins and the
2
petroleum basin. The total area of these basins is 57.9 km . These basins receive the runoff water
from the urban areas through the discharges of the wastewater treatment plants.

Table 25 : Estimates of daily runoff volumes and water level rise in Lake Maryut for different rainfall
events, in the present situation

Return period

Daily Rainfall (mm)

Daily runoff volume (Millions Lake level over elevation
3
(cm)
m)

2 years

24

4.64

+8

5 years

41

7.93

+14

10 years

54

10.45

+18

20 years

67

12.96

+22

50 years

84

16.25

+28

100 years

96

18.58

+32

It must be pointed out that, given the “robust” assumptions considered, the figures in the above table
are only indicative.
The runoff water volume can be compared to the daily water volume entering and going out
3
from the lake (via the El-Mex pumping station), which is about 8 million m in normal conditions. In
case of 10 and 100 years rainfall event, the runoff volume entering into the lake represent respectively
1.3 and 2.3 days of regular flow. In other words, given the El-Mex high pumping capacity, the lake
recovers its regulated water level in only a few hours (maximum a few days).
Moreover, even for a 100 year event, the lake level does not raise more than a few decimetres, so the
impact in terms of possible inundation of the lakeside urban areas does not seem significant.
Let us note that water drained from agricultural areas can also increase after a rainfall event. The
available information is however insufficient to allow a valuable estimation. Even in case of
simultaneous floods on the urban and rural parts of the watershed, it can be estimated that, given the
low water level artificially maintained by pumping (- 2.8 m) and the huge retention capacity of the lake,
the impact would be low.
The only event likely to threaten the lakeside urban areas would be the combined effect of a major
flood together with the El-Mex pumping station breakdown. Even in such a situation, it would take
several days to fill the lake, allowing enough time for repair works on the station and/or protection
measures to minimize flooding of lakeside urban areas.
Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 175
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

5.4.2. Future Situation (2030)
Taking into account hypothesis associated to climate change, the values of extreme daily
rainfall could increase from 7% (10 years) to 30% (100 years). These increases results form Table
7 (section 1.4.4). The scenario taken into account is scenario MET_A1B, which corresponds to the
17
worst situation (apart from the scenario MPI_A1B, for which results seem to be doubtful ). Increases
for 2 years and 5 years return period are supposed insignificant.
In the following tables, possible impacts are assessed, first considering only climate changes, then
taking into account both climate change and urban growth.

Table 26 : Estimates of daily runoff volumes and water level rise in Lake Maryut for different rainfall
events, in the future situation (climate change) and with the present urban situation

Return period

Daily Rainfall (mm)

Daily runoff volume
(Millions m3)

Lake level
overelevation (cm)

2 years

24 mm

4.64

+8

5 years

41 mm

7.93

+14

10 years

58 mm

11.18

+19

20 years

76 mm

14.65

+25

50 years

102 mm

19.83

+34

100 years

125 mm

24.15

+42

Compared to the present situation, flood conditions will get worse. However, without any available
information on the current location, cause and extent of floods within the city, it is not possible – in the
framework of the present study – to specify the consequences.
With respect to Lake Maryut water level management, the above table shows a slight impact of only
10 cm of additional rise. This impact is unlikely to change the current lake management procedures,
nor the flooding conditions of the lakeside urban areas.

The following table gives the estimation of water level rise in the future climate situation, taking into
consideration a 40% increase of the urbanized area (assuming that the foreseen 40% population
growth in 2030 may induce urban growth of the same extent).

17

As shown by the graph in figure 25, the GEV distribution for the future climate situation is not consistent with regard to the
results obtained with the other model scenarios. Therefore, iI seems that this model scenario is less able to reproduce the
future distribution of precipitation events.
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Table 27 : Estimates of daily runoff volumes and water level rise in Lake Maryut for different rainfall
events, in the future situation (climate change) and with future urbanization

Return period

Daily Rainfall (mm)

Daily runoff volume
(Millions m3)

Lake level
overelevation (cm)

2 years

24 mm

6.5

+11

5 years

41 mm

11.1

+19

10 years

58 mm

15.7

+27

20 years

76 mm

20.5

+35

50 years

102 mm

27.8

+48

100 years

125 mm

33.8

+58

We can note that impact of urban growth, because of land artificialisation, may be higher than climate
change impact. The two combined effects may double the water level rise in Lake Maryut for a
100 years flood. Nevertheless, the situation should stay manageable with regard to the present
pumping capacity and water level regulation.
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6.

Water Resources and Needs

6.1.

Introduction
Alexandria City in the northern coast of Egypt is the most downstream city on the longest river in the
world, the Nile River, with Egypt being the most downstream country on the Nile that is shared among
10 countries. Similar to the whole country of Egypt, the Nile River represents the main renewable
source of water supplying over 95% of its water demand. Currently the City of Alexandria receives its
urban water from the Nile River. Currently inhabited by more than 4 million people, the city of
Alexandria resides on the Mediterranean coast, which makes it a summer destination, increasing its
population in the summer to 6 million people putting more pressure on the city's water demand.
Although the city receives rainfall of about 200 mm/year, this storm water find its way into sewage
systems, drains into the Mediterranean Sea without use, or seeps into the coastal groundwater
aquifer through the little-left infiltration areas of the city. Most of the city is covered with potable water
supply networks, but many peri-urban and informal settlements lack sewage/sanitation coverage.
Most of the city sewage is at least primary or secondary treated; however potential uses of this
treated wastewater are yet to be explored in line with the country's National Water Resources Plan.
Water resources in Egypt are becoming scarce. Surface-water resources originating from the Nile are
now fully exploited, while groundwater sources are being brought into full production. Egypt is facing
increasing water needs, demanded by a rapidly growing population, by increased urbanization, by
higher standards of living and by the agricultural policy, which emphasizes expanded production in
order to feed the growing population.
The present section decribes the water resources, then the water needs, and finally compare them for
both the present and the 2030 situation.

6.2.

Water resources
6.2.1. Surface Water
Water resources vary in Alexandria. Usually the rain falls in winter. Al-Mahmoudeya Canal, which is
fed from the Rosetta Branch of the Nile River, runs in Alexandria. That is in addition to the presence
of Lake Maryut and the gulfs of Al-Max and Abu Quir. Lake Maryut is explained in details in Appendix
6.
6.2.1.1. Rainfall and Floods
In Alexandria, it rains in the winter. The average annual rainfall rarely exceeds 200 mm all along the
Northern Coast. Thus, it is not possible to depend on rainfall for agricultural production.
6.2.1.2. River Nile
The governorate of Alexandria gets its water from Al-Mahmoudeya Canal, which is a part of Rosetta
Branch of the River Nile. The Canal is a strategic source of drinking water as well as a fluvial
navigation waterway with a length of 77 km. The Canal provides Alexandria Governorate with drinking
water in addition to industrial and agricultural purposes. It is fed by the bending stations, which take
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their share of water from the Rosetta Branch. Below is the data of these stations (Alexandria
environmental profile 2007/Alexandria governorate (support and decision making centre)):
3

-

New Station 6 units, each unit discharge 20m /sec.

-

Main Station 6 units, each unit discharge 15m /sec.

-

Original Station 6 units, each unit discharge 10m /sec.

-

Al- Maamoura Station 4 units, each unit discharge 1.5m /sec.

-

Al-Monatazah Station 3 units, each unit discharge 0.25m /sec.

3

3

3

3

6.2.1.3. Al-Mahmoudeya Canal
3

The maximum discharge of Al-Mahmoudeya Canal is 11 million m a day, whereas the minimum is 5
3
million m a day.
In collaboration with the Social Development Fund, the governorate has carried out a project for the
improvement of the environmental conditions and the development of the society in Al-Mahmoudeya
Canal area. The most important achievements of the project are (References Alexandria
environmental profile 2007):
-

The canal has purified the wastes and water hyacinth and the canal’s surface was cleansed.

-

The industrial and sanitary drainage of the industrial facilities located on both banks of the
canal has stopped. This has been achieved through the closure of all the industrial and the
sanitary drains that used to dispose drainage in the canal. These drains were, instead, linked
to the general sanitary drainage network. This was achieved through the environmental follow
up that was carried out in coordination with the Alexandria branch of the Egyptian
Environmental Affairs Agency EEAA and the governorate’s Administration of Environmental
Affairs. This is ensured through the environmental supervision and the periodical
environmental inspection of the industrial institution located on the two banks of AlMahmoudeya Canal (the southern and the northern banks).

-

The industrial workshops and vocational occupations located on both sides of the Canal’s
surface area were eliminated. Alternative locations were specified for the owners of these
workshops and occupations in the area of Merghem

6.2.2. Groundwater
According to the data of the Irrigation Directorate, there is no groundwater usage in Alexandria.
(Alexandria governorate and Alexandria environmental profile 2007). Recently however a research
was issued in November 2009, done through the SWITCH project by CEDARE, and the Groundwater
Research Institute, concluded that there are groundwater wells in the west of the Alexandria
governorate.
Table 28 shows the main groundwater features in Alexandria governorate such as area, no. of wells,
total depth, groundwater, salinity and discharge of these wells.
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Table 28 : Wells data at Alexandria governorate 2009

N
o.
1
2
3
4
5
6
7
8
9

Area
El hammam
El agmi
Mahalet
maryuot
Km40-km60
northern cost
Burg el Arab
Bahig area
Km
190deseret road
Industrial
area
Bangar
elsokr

No. of
wells
91
84

Total
depth(m)
10-22
7-25

Depth
of
groundwater(m)
4-11
3-14

Ground
water
salinity (TDS-ppm)
1100-2800
650-1700

Discharge
3
(m /h)
10-50
2-20

131

15-22

10.5-13

800-3700

3-20

51

10-25

5-14

700-1500

10-50

48
63

15-30
10-19

8-17
4-5

960-5000
3900-5000

5-50
40-60

47

13-27

1.5-3

2500-3500

40-60

57

6-36

2.5-7

2100-3500

50-70

852

9-45

1.5-18

1100-4000

6-40

Source: SWITCH project by CEDARE,Nov. 2009

3

The total groundwater extraction from the Alexandria Governorate is exceeding 31 Million m /year.
3
The present groundwater extraction in m /year is summarized in Table 29.

Table 29 : Current groundwater extraction

No.

Aquifer

No.of
Wells

Present
m3/year

1

Coastal Aquifer

373

1,573,590

2

Nile
Aquifer

190

2,702,830

3

Ralat aquifer

752

26,808,830

Total

1315

31,085,250

Delta

Extraction

Source: SWITCH project by CEDARE,Nov. 2009

It is recalled that beyond 500 ppm of salinity, the water is considered not drinkable. Therefore, and
according to the data of the Irrigation Directorate, there is no groundwater usage in Alexandria for
domestic needs (Source: Alexandria Governorate and Alexandria Environmental Profile 2007). The
coastal aquifer production is mostly used for watering gardens.
There is a strong link between the irrigation system and the recharge to the groundwater, particularly
in the reclamation areas. Recharge takes place through the following processes:
- Downward percolation of excess irrigation water;
- Lateral seepage and losses from the irrigation canals, which increases at the lifting stations.
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6.2.3. Non-Traditional Water Resources:
Re-usage of agricultural drainage and sewage treated water are considered as non-traditional water
resources. Table 30 shows the mixing ratio of water and the benefiting areas from agricultural
drainage water.

Table 30: Usage of Agricultural Drainage Water for Irrigation Purposes

Year

2003

Stations’
No.

Mixing Ratio %

The
benefiting
areas in Feddans

The used sewage water

Fresh water

1

105,000,000 m3

552.888,000,000 m3

1182000

Source: The general authority for Al-Nobarya Sewage in 2004

6.3.

Water Needs
3

3

The governorate’s needs is estimated to be between 4.5 million m / day (2.5 million m drinking water
3
3
- 1 million m industrial water - 1 million m agricultural water) for the summer months and 3.80 million
3
3
3
3
m /day (2,0 million m drinking water - 1 million m industrial water – 0.80 million m agricultural water)
for the winter months (Alexandria environmental profile 2007/Alexandria governorate support and
decision making centre).
6.3.1. Potable Water Production
From the governorate data, the total amount of drinking water produced in year 2003 equals to 2341
3
3
thousand m /day, and the total amount of used is 1529 thousand m /day of water. From these figures,
it can be deduced that the leaks on the drinking water network amount to approximately 35% of the
production. Proper water demand management measures and maintenance of leaks is necessary to
ensure water efficiency and reduce water scarcity for future generations.
The drinking water company provides drinking water from Abu Quir zone east of Alexandria and its
service extends through 300 km on the North West coast till Marsa Matrouh City and south along the
Sahrawy highway, and from Al-Behera governorate till behind the Nobarya city. In addition to AlMahmoudeya and Al-Nobareya canals, a canal for drinking water, which is ramified in ElMahmoudeya canal from Khorsehd region till Moharam Beik, has been built in order to supply drinking
water stations which are located Midwest of Alexandria, the detailed data is available in Table 31.
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Table 31: Water stations

Amount
1000
Service Area
3
m /day

Capacity
Design
1000
3
m /day

Station
Name

Location

Bab
Sharqy

Galal Al-Din Al-Desouqy
1904
Street

323

Part of Sharq and
Wasat District and Al- Wasat
Gomrok District

630

Al-Seyuf

Kanal Al-Mahmoudeya
street, AlBar Al-bahary, 1934
Al-Awayed

642

Sharq District and part
Sharq
of Al-Montazah district

970

AlMoharam Bek high way 1976
Mansheya

442

Gharb
and
Wasat
Districts and part of Al- Gharb
Amreya district

420

0

Gharb District

Gharb

50

132

Al-Montaza District

Al263
Montaza

88

Part of Sharq
Wasat Districts

Date

Kanal Al-Mahmoudeya
Forn AlStreet,
Al-Bar
Al- 1964
Garaya
Quebly, Karmouz
AlIn front of Mamoura
Maamour
1911
station
a
Kanal Al-Mahmoudeya
Al-Nozha Street,
Al-Bar
Al- 2004
Quebly, Al-Nozha
Borg
Arab

Maryut

Al- Kilo 40 Alexandria –
1988
Cairo Desert road

462

Kilo 58 Al-Noubareya,
Alexandria
–
Cairo 1968
Desert road

315

Al-Alamin
Kilo 1 Al-Alamin – Wadi
Al2006
Al-Natroun Street
Ganoubi

68

District

and

Borg Al-Arab District
and part of the north
coast
Al-Amreya District and
part
of
Al-Behira
governorate

180

Borg Al386
Arab
AlAmreya

315

From Al-Alamin to Wadi AlAl-Natroun
Amreya

Source: AWCO- Alexandria Water Company – 2009

In every station, water is chemically purified with the addition of aluminum and chlorine. El Seouf
Purification Station is one of the largest drinking water production stations in the Middle East, serving
South East Alexandria. Following it is the New Mansheya Water Station, serving new residential
areas downtown. Then, it followed by Maamoura Water Station, which serves Maamoura and
Montazah beaches as well as a part of Behaira Governorate. Following it is Al-Nozha, whose service
covers residential areas downtown. On the other hand, Forn Al-Geraya is considered the least
productive water station in Alexandria, due to its limited area and productivity. It serves Al-Qabary
residential areas.
In Alexandria, there are 13 water-lifting stations, distributed in the city. Five of these include tanks
whereas the remaining 8 do not. Figure 79 shows the distributions of potable water stations in the
Alexandria Governorate.
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Figure 79 : Potable Water stations in Alexandria Governorates

Source: Alexandria Water Company
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6.3.2. Average Water Consumption:
As mentioned by Alexandria Water Company, the production of drinking water in Alexandria reached
3
3
2.927 million m /day. On the other hand, the total amount of water consumed is 1.757 million m /day,
so that the individuals’ share from the total amount of water consumption reaches 352 litres/day, while
their share from the total number of the water produced is 587 litres/day. The average water
consumption and its evolution are presented in the Table 32. It is important to note that Egypt is
currently under the water poverty line index of 1000 litres of water/day/capita, and will continue to
decrease further due to population increase and exacerbating demands on water resources.

Table 32 : The daily Consumption of Water per Capita in Alexandria

Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Without industry
242 liters/day
237 liters/day
237 liters/day
245 liters/day
250 liters/day
249 liters/day
255 liters/day
259 liters/day
264 liters/day
268 liters/day
269 liters/day

Including industry and services
404 liters/day
396 liters/day
395 liters/day
409 liters/day
417 liters/day
416 liters/day
425 liters/day
433 liters/day
441 liters/day
447 liters/day
587 liters/day

Source: Alexandria Water Company 2010

In 10 years, global water needs (agriculture excluded) increased by almost 50 %. At the same time,
potable water needs increased by 13.5 %. Consequently, most of the water consumption growth in
recent years comes came from industry and services. Water production development in recent years
is shown in Figure 80.

Figure 80: Potable water production development in million cubic meters per year
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3

The average water tariff for residential use ranges from 0.23 to 0.35 LE/m whereas for service use it
3
is around 0.80 LE/m . For companies and stores, factories, and for production and investment
3
purposes, the water tariff is 0.70, 0.85 and 1.15 LE/m , respectively.
6.3.3. Operational Issues
Alexandria faces many drinking water operational problems, some of which are the following:

6.4.

-

The steady rise of the population necessitates an increase in the quantities of produced
water, and consequently an increase in the capacity of purification stations. Furthermore, the
use of pure water canals for irrigation purposes similarly results in a decline in their water
levels.

-

The incorrect behaviour of a part of the population throwing garbage and dead animals. As a
result, canals are polluted, and consequently it requires a larger degree of water purification.

-

The increase of the average portion of water per citizen confirms the necessity of preserving
water resources. It is also elemental to find alternatives for different uses of water in industry,
since Egypt’s portion of water from the Nile River is fixed despite the steady increase of its
population.

Water Resources/Needs Balance Sheet
6.4.1. Present Situation
The previous sections shows that the present situation, the various water needs are covered by
3
the Nile River via the Al-Mahmoudeya Canal. With only 31 M m /year, compared to at least 5 M
3
m /day for the Al-Mahmoudeya Canal, groundwater resources do not count much. Moreover, aquifers
are salinized and unsuitable for human consumption.
Almost half of the Egyptian industrial activity is located in Alexandria, and this sector is the major
contributor of water consumption in the Alexandria urban area.
For the present study, no data has been available on agricultural needs and consumptions.
6.4.2. Prospect for the 2030 Situation
3

With a maximum supply capacity of 11 M m /day, knowing that the current consumption is about 4.5
3
M m /day, knowing also that it increased by 50 % in 10 years, and assuming that this growth will
continue at the same rate, the Al-Mahmoudeya Canal discharge capacity will be exceeded by
2032.
Knowing that in the Alexandria region, groundwater resources cannot be considered as an alternative
to surface water, the only solution for covering water needs of Alexandria beyond 2030 seems to be
desalinization of sea water and/or the upgrading of Al-Mahmoudeya Canal discharge capacity. The
growing needs may face reduction in the resource availability.
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18

Indeed, climate change may significantly affect water resources. An OECD report , released in
2004, addresses this issue. To summarize, the discussion of the climatic influences on Nile supplies
for Egypt – projected changes in rainfall in different sources of the Nile as well as their impact
on the river flow into Egypt – remain considerably uncertain. More certain however is that
temperatures will continue to increase as a result of climate change. This will likely increase
significantly the evaporative losses from the Nile over Egypt and Sudan where the Nile flows with very
little flow-gradient over a semi-arid region. Furthermore, higher temperatures will also increase
demands for water – particularly for agriculture, and potentially for domestic and industrial uses.
This potential vulnerability of Egypt’s Nile flows could be seriously exacerbated should climatic
impacts be accompanied by any concomitant reduction in the country’s allocation of Nile waters.
The current water allocation is governed by a 1929 Nile Water Agreement between Egypt and Britain.
Cooperation to build the High Aswan Dam led to a 1959 follow-up agreement between Egypt and
Sudan “on the full utilization of the Nile waters”, which allocated 75% (55.5 B m3/yr) of the water
resources of the Nile to Egypt and 25% (18.5 B m3/yr) to Sudan. The agreement, which partitioned
the Nile’s water, was bilateral between the two downstream countries - Egypt and Sudan. Egypt and
Sudan have been close partners in the basin and a Permanent Joint Technical Commission (PJTC)
has existed since the 1959 agreement (Waterbury 2002). The provisions of both the 1929 and 1959
agreements have been contentious among the upper riparian countries, given the 1929 agreement
was negotiated by a colonial power on behalf of some of them, while the 1959 agreement excluded
them altogether. Egypt’s position meanwhile is that international agreements, like country boundaries
are inherited upon independence and must therefore be honoured. A re-negotiation of the Treaty
however is currently being discussed between all Nile Basin riparian countries.
The OECD report concludes that combined with the contextual dependence of Egypt on the Nile,
its growing demands on water and electricity, and the potential for reduction in stream flow
from climate change (through enhanced evaporation and possibly reduced precipitation), is
not remote. There is some likelihood of adverse surprises in the future – despite the fact that
Egypt is well adapted to current climate variability through the High Aswan Dam.

18

“DEVELOPMENT AND CLIMATE CHANGE IN EGYPT: FOCUS ON COASTAL RESOURCES AND THE NILE”, by Shardul
Agrawala, Annett Moehner, Mohamed El Raey, Declan Conway, Maarten van Aalst, Marca Hagenstad and Joel Smith, OECD
2004.
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Chapter 2 - Identification of Urban
Vulnerabilities

1.

Introduction

1.1.

Principles of the Analysis
Vulnerability could be defined as the combination of two components: exposure and sensitivity.
Sensitivity reflects the responsiveness of the urban system (i.e. the various elements of the urban
coverage) to climatic influences and natural hazards, and the degree to which changes in these
hazards might affect it in its current form. Sensitive systems are highly responsive to natural hazards
and can be significantly affected by small climate changes. Understanding the sensitivity of a system
also requires understanding of the thresholds at which it begins to exhibit changes in response to
climatic influences (e.g. dimensioning level, critical level, breaking level), whether these system
adjustments are likely to be “step changes” or gradual, and the degree to which these changes are
reversible. In other words, sensitivity is the degree of incidence of hazards (seism’s, inundations, etc.)
on the various elements of the urban coverage. For example, the sensitivity of the various types of
buildings is not the same regarding seismic hazards; and buildings sensitivity to seisms is not
necessarily the same to inundations.
The purpose of the present section is to specify, among the elements presented hereafter, those
which are of specific sensitivity.
It requires first to recall and clarify Urban parameters: Urban development, population development,
population density, current land use, building residential fabric and its characteristics then
subsequently to reveal the sensitivity parameters: density and quality of the buildings, number of
floors, social level of the inhabitants; public reception for urban facilities; strategic nature of some
infrastructures or networks for urban needs and economical activities (major roads and railways, main
power lines, ports, airports, etc.); zones of concentration of tertiary (offices, trade, tourism, etc.) or
industrial (activities); natural and agricultural areas of patrimonial interest; etc.
In addition this section will present the vision of 2030 land use plan and its sensitive components.
Note: in this analysis, we do not consider much the exposure level of urban components to natural
hazards. Some urban components, considered sensitive in the present analysis, may therefore be
considered as not vulnerable in the next step of the analysis.

1.2.

Background on Alexandria
Alexandria city is one of the oldest cities on the Mediterranean coast, it is one of the major touristic
places considering its historical background, Alexandria's beaches are the main summer resort of the
country as during summer, and the city receives over 2 million tourists each summer. About 40% of all
Egyptian industry is located within the governorate of Alexandria. A main source of energy in the city
is fossil fuels.
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The 2006 boundaries of the urban agglomeration of Alexandria comprise the following as shown in
Figure 81:
-

6 districts (that includes 15 Quesm and 129 Sheyakha): AL-Montazah, Shark (East),
Wasat (Middle), Gharb (West), Al-Gomrok (Customs) and Al Amreya

-

Besides of The Borg Al Arab city (that includes major 3 villages) Abou Sir, Bahig and AlGharbaniat

The 2009 current boundaries of the urban agglomeration of Alexandria comprise the following as
shown in Figure 82:
-

7 districts (that includes 17 Quesm and 132 Sheyakha): AL-Montazah, Shark (East),
Wasat (Middle), Gharb (West), Al-Gomrok (Customs), Al-Agamy and Al Amreya
The Borg Al Arab city (that includes major 3 villages) Abou Sir, Bahig and Al-Gharbaniat

Due to the shortage of data in some areas for 2009 we are going to use the complete datasets that
match with 2006 administrative boundaries.
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Figure 81: Alexandria Districts and Quesm 2006 (Source: CAPMAS)
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Figure 82: Alexandria Districts of 2009 (Source GOPP)
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2.

Analysis of the Urban Coverage in the Present Situation

2.1.

Historical Approach and Urban expansion
The Fishermen village known as Rakoda village was the origin of “Al-Gomrok” district built by
Alexander the great in year 331BC. This is shown in Figure 83.
Re-diging of Mahmoudeya canal at Mohamed Ali Era made the city grow to the east, and then the
expansion of the Tram line towards the east in 1863 and more in 1904 made the city grow more
towards east. The developing of the Shore street “Cornish” helped more in increasing towards east. In
the 2nd half of the 20th century it grew more towards the east developing all Montazah area and more
transforming Abu Quir area from touristic to residential and more urban areas developed west to the
railways.
With the increasing need for residential areas, the growth began towards the west, and the areas of
Al-Agamay and Abou Talat transformed from small urban areas to residential areas. Moreover, the
residential growth began towards the south west developing the Amreya area. On the other hand,
Borg Al Arab city helped in increasing the growth towards the southwest as shown in Figure 83.

Figure 83: Urban planning history of Alexandria city (CAPMAS, Information Centre Alexandria
Governorate)
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As noted from Figure 83, the area of Alexandria expanded laterally over the years as in the 332BC it
2
2
2
was 10 km , in 1921 it grew 10 times, to be 105 km , in 1958 grew 120 km “12 times more”, in 1984 it
2
2
went to 600 km “60 times more” and in 1990 the boundary of the city became 2679 km meaning 268
times more. Due to the population increase, Alexandria’s urban area is still expanding to
accommodate with the developing projects that are implemented in the city. Figure 84 demonstrates
the population increase over the years.

2.2.

Demographical Changes
Figure 84: Alexandria population from 1960 to 2006 (Source: Information Centre – Alexandria
Governorate)

Table 33 : Population number from 1960 to 2006

Population No.

1960

1976

1986

1996

2006

Alexandria City

1.550 Million
Capita

2.330 Million
Capita

2.949 Million
Capita

3.328 Million
Capita

4.123 Million
Capita

Source: Information Centre – Alexandria Governorate

Table 34 : District population distribution 2006

20319.04
12164.28

Density
(Person/Fedda
n)
57.70
80.40

9.1%

6795.23
1095.30
18545.23

76.40
132.90
20.20

835209

20.2%

404102.38 0.87

44453

95841

2.3%

84597.54

1.13

2017519

4123869

2.1%

547619

7.53

District

Populatio
nM

Populatio
nF

Total
Population

Growing rate

Al-Montaza
Sharq
Wasat

602147
496803
258974

571656
481872
260761

1173803
978675
519735

28.5%
23.7%
12.5%

Al-Gomrok

72770

72788

145558

3.5%

Gharb

191022

184026

375048

433246

401963

51388
2106350

Al-Amreya
& Al-Agamy
Borg
AlArab
Total

Area
(Feddan)

Source: Information Centre – Alexandria Governorate
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Throughout the past 50 years, the city of Alexandria has gone through tremendous urban and
demographic evolution. The population in 1960 was about 1.5 Millions reached 3.756 Millions in 2004
and it increased to nearly 4 million in 2006 with 2.1% annual growing rate. See Figure 85 for
population distribution by district. Al-Montazah district is the most populated while Burg Al Arab is the
least one.
2

Density of population per total city area is about 7.5 Person/Fedan (1792 Person/km ), as shown in
Figure 86, while the population density according to the populated area of the city is about 10.4
2
Person/Feddan (2462 Person/km ) and the density according to the Urban Boundary after subtracting
the lands outside Urban Boundary (138 279 feddan) equals to 30 Person/Feddan (N.B. 1 Feddan
2
equals to 4200 m ).

Figure 85 : The population distribution by district as census of 2006 (Ministry of Social Solidarity,
CAPMAS, Alexandria Information Centre 2006)
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Figure 86 : the District density distribution of population Person/hectare (Ministry of Social Solidarity
CAPMAS, Alexandria Information Centre 2006)
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There is high population density in Gomrok district (about 132.9 Person/acre) and so in Sharq district
(80.6 Person/acre). This is because of the small size of the districts as well as the concentration of
inhabitants and activities in centre of the city. On the other hand, we can see that the biggest district is
2
Al-Amreya district 1925.2 km while its density is 1.8 Person/acre considering only the inhabitant area.
The population growth varies between the districts. Some of them have high population growth like AlAmreya, Al Dekhila, Borg Al-Arab and Al-Montaza districts and others have low population growth like
Wasat and Al- Gomrok districts.

2.3.

Organization and Functions of the Study Area
2

Total area of Alexandria Governorate is about 547619 acres (≈2300 km ), the urban agglomeration
2
2
area is about 463021 acres (≈1944 km ). The urbanized area is about 1675.5 km , 72.8% of the total
area of the Governorate. N.B.: Populated area contains only the agriculture area, the uncultivated
lands, water surfaces and the urban area.
2

The total area of the ports (Aboukir- East port- West port- Al-Dekhila) is about 6.3 km equals to 1.5%
of the city area. The Port Authority is expanding the port facilities westward with the addition of
several wharfs, warehouses, a free zone and a new cruise ship terminal to accommodate the ever
larger cruise vessels. New port facilities and activities are bound to affect the coastline and the
ecology along the coast.
2

Most of residential zone extends along the shoreline with area of 581 km , while industrial zone is
mostly located near Mahmoudeya canal, Abou Quir bay and Maryut lake with area of 13948.2 feddan,
i.e. 18.9% of the urban area.
The industrial activity embraces several industrial complexes of varying sizes and nature, including
food processing plants and canneries, chemicals and fertilizers plants, paper mills, an oil refinery and
an electricity-generating station. Similarly, El-Max area hosts another set of industries, including
chemical factories, cement, iron and steel plants, tanneries of various sizes and an oil refinery.
Alexandria’s large industrial zones located to the southwest of the city on the Maryut Lake’s northern
and western borders are including steel, petrochemicals and refineries. See Figure 87 for a
descriptive map of the urban structure.
The Natural urban limitation features of Alexandria City demonstrated in Figure 88 include):
•

The Mediterranean Sea to the north and the east

•

Agricultural land to the south eastern side

•

Lake Maryut to the south western side

•

Desert areas to the west
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Figure 87: Description of the urban structure – (Source: GOPP2006)
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Figure 88: Natural city features (Source: GOPP 2006)
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2.4.

Land Occupation
2.4.1. General Land Use
Using ARCGIS software, a land use map has been digitized by drawing land use polygons from a
Google Earth image of 2006. Land use data was filed from comparing data from Alexandria survey
maps (main features only considering the age of the survey maps from the 80s) GOPP data collected
in 2006 and few field survey data in main city parts from the AASTMT team.

Table 35 : Areas of general Alexandria land use as summarized from Figure 89

Classification

Area (Hectare)

Residential artificial territories

18041.69

Industrial and commercial areas

4875.95

Hangar and Warehouse

558.33

Airports

4146.97

Port Areas

544.43

Facilities

2285.10

Cemetery

74.71

Mines, landfills and worksites

4654.92

Urban green areas

154.45

Sports and leisure facilities

405.72

Agricultural territories

94886.01

Orchards and small fruit

2024.99

Open spaces without or with little vegetation

9549.83

Beaches, dunes and sand

72150.81

Sabkha

647.89

Rivers and Waterways

17861.46

Fish Farm

3031.13
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Figure 89: General land use map

(GOPP 2006, Alexandria survey maps 1:5000, Google Earth image 2006)
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As shown from Table 36, the calculated areas were summarized from the land use map of Figure 89.
The sorting and colours in the table is based on the sorting and colours of the legend of the map.
Synthesis:
Table 36 : Summary of the main land use areas and the district areas

District
Al-Montazah
Sharq (East)
Wasat (Middle), Gharb (West)
and Gomrok
Al-Amreyia
Borg Al-Arab
Total

Urban Area (Ha) Agriculture Area (Ha) Total Area (Ha)
3018.64
3806.64
6841.27
2191.52
995.69
3609.33
2871.25
20652.65
6489.54
35223.6

105.64
95245.02
29793.91
129946.9

3135.13
165600.9
52565.98
231752.61

In summary (Table 36), the total urban areas is about 35223.6 Hectares while the total agriculture
lands summed to 129946.9 Hectares in comparison to the total area of the studied area that summed
up to about 231752.61 Hectares. As described earlier in the districts, there are big areas covered by
water used as fish farming, lakes, drains, irrigation canals and salt mining. In addition, there are big
areas of barren lands as sands, sand dunes and Sabkhas rather than beach zones. Detailed
information on land use at district level, and on infrastructure and facilities, is presented in Appendix
7.

2.4.2. Services
Education:
There are about 1592 schools (primary, preparatory and secondary schools) distributed all over the
city that serves around 818718 students (Information centre – Alexandria governorate). There are 21
Faculties that serve 160 thousand students.
Medical service:
There are about 2670 Doctors between hospitals, medical authorities and health units that represent
5914 beds in total (Health affairs authority).
Leisure and community service:
There are about 80 community service units (Community service authority).
There are about 196 club and 36 youth centre (information centre – Youth and Sport Authority) and
356 park areas between open playgrounds, covered playgrounds and pools.
Security service:
There are about 55 police unit and 46 fire fighting units (Information centre – Alexandria
Governorate).
Postal service:
There are about 159 post offices around the city.
Communication service:
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There are about 49 central distributed around the city.

Figure 90: A map of services distribution at Alexandria
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(Source: GOPP 2006 – Information Center Alexandria Governorate 2009 – Alexandria Survey Maps 1:5000)

Table 37: Areas of main services in the city
Classification

Area in Hectare

Port Areas

544.43

Cemetery

74.71

Facilities and Infrastructure

843.54

Industrial
areas

4875.95

and

commercial

Hangar and Warehouse

558.33

Mines, landfills and worksites

4654.92

Airports

4146.97

The sorting and colours in the table is based on the sorting and colours of the legend of map.

2.4.3. Industry
About 40% of all Egyptian industry is located within the governorate of Alexandria, which is an
important reason for the high rate of the city population growth. The main source of energy in the city
is fossil fuels (Oil and natural gas use in Egypt is 92%).
The industries are distributed over 10 places that have been built since 1979 until the last compound
“Al-Agamy” was built in 2002. See Figue 91 for a map of the distribution of services.
Major urban industrial areas create the following problems in the city:
•

One of the big urban pollution problems in Alexandria is industrial activities that are installed in
the urban residential areas and made it a wall in front of organised social development for the
city.

•

The industries built to the west of the city are limiting urban development

•

Industries and dumpsites are major sources of air pollution.
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Figure 91: Distribution of the main industries in Alexandria (Source: GOPP2006 – Information centre
Alexandria Governorate – Alexandria Survey maps 1:5000).
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Table 38: Areas allocated for industrial activities distributed by district

Total
Area
(Acres)

Area
allocated
for
Industrial
Activity
(Acres)

Area
allocated
for
services

Industry area
Name

District

Date

1

Al-Mateqa
Al-Hora

AlAmreay

197319761977

Beginning of Alexandria Cairo
desert road

2

Borg Al-Arab
Al-Gadida

Borg AlArab

1979

South West Alexandria City
Kilo 60

3

Al-Mansheya
Al-Gedida

Wasat
and
Gharb

1990

843.5

394

Al-Quabary High way

4

Merghem
Quebly
“Petrochemic
als”

AlAmreya

1990

8740

530

West of Alexandria
Desert road

Cairo

5

Merghem
Bahary

AlAmreya

1990

1800

433

West of Alexandria
Desert road

Cairo

6

Al-Nasereya

AlAmreya

1999

168

10

West of
desert

Alexandria

Cairo

7

Om Zeghew

AlAmreya

1997

2851

965

8

Kilo
31
“Seven Up”

AlAmreya

1998

814

814

West of Alexandria
desert road Kilo 31

Cairo

9

Al-Nahda

AlAmreya

2000

4611

1952

East of Alexandria Cairo
Desert road, Petrochemicals
road

10

Industrial
Complex

AlAgamy

2002

3

3

West of Alexandria Matrouh
Road (Al-Agamy, Al-Bitash)

11

SEBCO

AlAmreya

2002

160

140

344

Location

170

20

(Department of Environmental Affairs, Alexandria Governorate 2009)
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2.4.4. Agriculture and Fishery
The area of cultivated lands in the governorate is estimated as 175000 acres; 7282 acres are within
the licensed constructional space. The area of cultivated lands amounts to 100000 acres, in addition
to utility lands of which area is estimated to 23.000 acres.
The old cultivated lands were estimated 86176 acres (49.2%). While the newly cultivated/reclaimed
lands are estimated to 889870 acres (50.8%)

Figure 92: Agriculture lands of Alexandria Governorate (Source: Alexandria Survey maps 1:5000 –
Google Earth Image 2006)

The construction expansion to the south and southeast of the governorate are consuming a great part
of the existing arable lands. In addition, large areas of lands are no longer fertile due to the high level
of groundwater, inundation with industrial wastewater and sewage, and the gradual loss of agricultural
drainage.
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2

2

The area of the whole inland water covers 191.29 km , 72.39 km of them is the area of Maryut Lake
water body. There are several fish farms distributed over the water area in Alexandria governorate
2
with a total area of about 32.136647km .

Figure 93: Distribution of inland water bodies, Lakes and fish farms of Alexandria Governorate

(Source: Alexandria Survey maps 1:5000 – Google Earth Image 2006)
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2.4.5. Tourism
Alexandria city is one of the oldest cities on the Mediterranean coast. It is one of the major touristic
places considering its historical background, cultural activities as it has Bibliotheca Alexandrina, one
of Alexandria’s remarkable landmarks, Alexandria's beaches are the main summer resort of the
country as during summer, the city receives over 570,000 tourists, (Strategic plan for Alexandria
Governorate 2022- Planning Centre- Alexandria Governorate), See Figure 94 for the distribution of
touristic sites in Alexandria.

Figure 94: the distribution of Touristic sites in Alexandria

(Source: Information Center Alex. Governorate 2009 Infrastructure and Facilities)
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2.5.

Characteristics and Classification of Settlements
2.5.1. Building Quality
The buildings’ status deteriorates from the central district to the eastern district and from Al-Montaza
district to the east. The buildings’ status also deteriorates from the west at Al-Ameriya district to New
Borg Al-Arab city.
There are distinct differences in the building status due to the following:
-

Most of the buildings are very old even the districts themselves

-

Corruption in building construction

-

Absence of periodical maintenance

The old Districts suffering from construction deterioration are (see figures 95 & 96):
o

Al-Gomrok district: with its various divisions (Al-Manshiya, Al-Gomrok, Al-Laban, Al-Mina) and
the eastern district with a total area of 1095.3 acres and a population of 145558 persons,
namely 132 persons per acre.

o

The western district area with its divisions (Karmouz and Mina Al-Basal areas), within the
licensed constructional space, is 3904.7 acres populated by 375048, namely 96 persons per
acre, (See Figure 95).

Based on the GOPP survey data, the produced map of building quality classified into different classes
ranging from very good = in very good condition, good structure and mostly new buildings, good= in
good status but needs repainting or maintenance, medium = Medium status, has minor cracks, needs
painting and balcony maintenance and bad= very bad status with major cracks, mostly very old
buildings (Figure 96).
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Figure 95: General map of building condition analysis in Alexandria city (Source: GOPP 2006)
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Figure 96: Map of the building conditions in Alexandria (Source: GOPP 2006)
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2.5.2. Building Structure System

Figure 97: A map of the construction systems in Alexandria (Source: GOPP 2006)
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Few buildings were built with masonry construction system and most of the city and most of the new
buildings are being built-up by reinforced concrete. Due to the high living expenses, high building
material costs and no enforcement of laws, most of the buildings do not take into consideration safety
factors measures (See Figure 98).
2.5.3. Building Height

Figure 98: A general map of the building height analysis in Alexandria (Source: GOPP 2006)

Some areas in Alexandria have become famous for their high buildings towers, particularly those
areas overlooking the Alexandrian coastline, extending from Al-Anfoushi to the west to Al- Montazah
to the east and in front of Al-Montazah and Al-Shalalat gardens as well as the main roads, such as AlHorreya, Gamal Abdel Nasser, etc. Problems resulting from illegal and excessive increase of building
heights are manifested in the infrastructure problems, density, roads, transportation, traffic and
numerous constructional problems in these districts (See Figure 98).
The heights are ranging from one to five floors in the old dwelling zones (Al-Gomrok district and the
western district) and the historical ones, where bearing walls prevail. The majority of the high
buildings ranging from 7 to 12 floors concentrated in the middle of the city (see Figure 99). It can be
concluded that non-abiding to the building laws has led to increasing heights and a vertical expansion,
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a matter that resulted in distorting the constructional mass and appearance of monumental landmarks
and exposed the city to relatively higher risk of building collapse.

Figure 99: A map of the building heights in Alexandria (Source: GOPP 2006)
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2.5.4. Informal Settlements and Slums
Owing to its specificities, it seems better to address this issue apart from the other dense residential
areas. Slum areas are dwelling zones that have appeared due to lack of general planning, breaching
of law, and transgression on the State’s property. They are considered spontaneous human
settlements primarily established at negligible areas on the fringe of cities on empty pieces of land,
lands that have been taken hold of, or lands allocated for public utilities. It is natural that these areas
partially or completely lack all types of basic and necessary utilities and services required for living.
The number and characteristics of slum areas’ inhabitants have been identified by a thorough survey
for all slum areas in the governorate, whereby numbers, names, locations and dwellers have been
identified. They have been categorized into:
•

Deteriorating areas beyond reform that should be demolished and their inhabitants evacuated
into new dwelling zones.

•

Areas away from the urban planning that can be developed and planned again in addition to
providing them with utilities and basic services.

•

Areas within the urban planning that can be upgraded but have poor services and large
population.

•

Most of the slum areas in the governorate are frame constructions not concrete ones though
some of them may be made of wooden tiles or tin sheets. As for Straw houses, they have
been totally demolished as they have been located in places not suitable for housing.

The slum areas comprise approximately 1,516,939 persons and the number of families is 399194.
Their area is about 74.769 km2 of the total 2299.97 km2 area of Alexandria. The slum areas
inhabitants represent 35.4% of Alexandria’s total population and their area represents 3.25% of the
total area of Alexandria.
Slum areas characteristics include:
a. High population density
b. Very bad building condition
c. Absence or bad conditions of infrastructure, services in general, transportation and
roads
d. Lots of Environmental problems
e. High percentage of unemployed workers and no available jobs
f.

High percentage in children labor

g. High percentage of poverty and low level of living

The number of slum areas is about 30 areas, after integrating some nearby areas and excluding
some rural and demolished areas.
As described from Figure 100 and Table 39, the distribution of the slum and informal settlements
within the districts and their population and the percentages of the slum-built up areas relative to the
total area of the district.
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Figure 100: Distribution of the slum areas of Alexandria Governorate (Source: GOPP 2006)

Table 39: Comparison of areas and inhabitants of slums areas in Districts

Districts

Montaza
Sharq
Wasat
Algomrok
South
Al amreya
and
Agamy
Borg
El
Arab
Total

16.49
14.17
0.12

5

82.00
35.00
68.00
4.70
20.07

%
of
slums
areas
to
district
area
20.11
40.47
0.17

0.33

8

1925.20

1
30

Number
of slum
areas

9
5
2

District
2
area km

Slums
area
2
km

Number of
population
In district
area

Number of
population
in Slums

% Number of
population in
slums relative
to
district
population

615089
405969
125282

50.717
39.991
23.411

1.62

1212787
1015140
535138
147648
397548

23156

5.825

13.64

0.71

870423

292023

33.550

165.00

29.50

17.88

102881

55418

53.866

2299.97

74.77

3.50

4281564

1516939

35.400

Source: Information centre – Alexandria Governorate 1/1/2009
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Table 40 : Slum areas of Alexandria Governorate

Area
(Fedan)

Area name
Al-Dekhila Al-Gabal

Number of population

District
Agamy

19.99

42180

9.52

52571

2856.57

104676

Zaweyat abd Al-kader

49.99

21089

Old Amerya

99.98

47375

Colony of gazam and morghem

99.98

5196

149.97

5893

57.13

13043

5800.00

55418

Borg Al-Arab

Nagaa Al-Arab

54.04

17608

Gharb

Maawa Al-Sayadin

35.70

10564

Al-Tougeya and Wabour Al-Gaz

2.38

13030

Haram Al-Seka Al-Hadid

1.19

8217

Kom Al-Malh

16.19

11739

Al-Seyd Club

11.30

29458

Al-Hadara Al-Gedida

15.90

59336

Al-Attar and its surrounding

31.00

43159

Ganayouti and its surrounding

65.00

13903

Skina and its surrounding

70.00

36625

Al-Zahereya

1006.00

15087

Al-Mahrousa and Dana

1499.70

70091

573.80

316200

990.50

18600

578.60

17600

44.29

130200

Sidi Bishr Quebly

380.88

85000

Al-Asafra Quebly

380.88

89000

Al-Mandara Quebly

299.94

58000

Al-Haramin

30.94

27000

Al-Maamoura Al-Balad

49.99

32000

Al-darayesa and Al-Zeraa Albahary
South Hanovil

Nagaa Abd Al-Rawan
King Maryut Quebly
Borg el Arab city

Khorshid and its surrounding
Al-Mohagerin
surrounding

and

Mohsin Al-Kobra
Al-Amrawy

its

Al-Amreya

Wasat

Sharq

Al-Montaza

(Source: Information centre – Alexandria Governorate 1/1/2009)
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2.6.

Description of Urban Sensitive Components
The present section focuses on urban aspects. Lake Maryut, which is the most sensitive natural
component of the study area, is presented in Appendix 7.

2.6.1. Population Density and Building Condition
Using homogeneous classification on the Google Earth image, we classified the residential territories
according to urban density (See Figure 101).
The overlaying of urban density with the population density of the residential territories produces a
new five categories. The description of the new five urban/population densities are as follow:
o

Scattered population territories: areas with population density less than 100 capita per
hectare

o

Isolated population territories: areas with population density between 100 - 200 capita per
hectare

o

Dense population territories: areas with population density between 200 and 450 capita per
hectare

o

Very dense population territories: areas with population density between 450 and 1000 capita
per hectare

o

Extreme dense population territories: areas with population density between 1000 and 4700
capita per hectare

By adding the population data to new urban density residential classification, using District, Sheyakha
and Slum areas population data, and adding the rest of population number to the gap “no classified
data” areas by percentage
A new residential population density map was developed (See Table 41 ).
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Figure 101: A map showing Urban Density classification for residential areas

(Source: GOPP 2006, survey maps 1:5000, Google Earth image 2006)
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Table 41: Urban Density classification
Dense continuous residential urban fabric
The buildings in the block are connecting and outlined by streets. The sizes of
the blocks are varied. Therefore, the shape and continuity of the buildings varied
too.
also it has the same pattern as regrouped informal areas that are not registered
as slums
Averagely dense continuous residential urban fabric
It looks like the dense continuous urban fabric except the existing of urban green
areas between few connected parcels. The green areas contribute about 1025% of the built-up area.
Not very dense
It is not very dense due to the urban green areas covers 25-40% of the built-up
area.

Discontinuous residential urban fabric
Each parcel separated from the neighbours and the urban green areas
contribute more than 50%.

Isolated
The community of villas or buildings surrounded by green areas.

Regrouped informal housing (Slums)
Slum areas : (Areas that are registered as slum areas in the governorate)
•

High population density

•

Buildings bad condition

•

Absence or bad conditions of infrastructure and transportation
and roads

•

Lots of Environmental problems

•

High percentage of unemployed workers and no available jobs

•

High percentage in children labor

•

High percentage of poverty and low level of living

Scattered informal housing
The informal settlements are may be well designed but not well planned nor
organized.
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Figure 102: A map showing the population density of the residential areas

(Source: Information Centre, Alexandria Governorate 2009)
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By reclassifying population density from 1 to 5 based on the categories (See Figure 102),
reclassifying the Urban density “Residential only” (Very bad, Bad, Good, Very Good, Extreme) based
on the 7 classifications and overlaying the new reclassification together, based on the table below

Table 42 : Overlaying Urban density to Population density criteria

Urban

Bad
(avg.
dense cont)

Good
(scattered, not
very dense)

Very
Good
(discontinuous)

Extreme
(isolated)

Population

VERY
bad
(dense cont +
regrouped
informal)

1000-4700 = 5

Very bad

Very bad

Bad

Bad

Good

450 -1000 = 4

Very bad

Very bad

Bad

Bad

Good

200 – 450 = 3

Very bad

Bad

Good

Good

Good

100 – 200 = 2

Bad

Good

Good

Good

Very good

<100 = 1

Bad

Good

Very good

Very good

Very good

/

A new Urban Population density map was developed (See Figure 103) in categories (Very Bad, Bad,
Good, Very Good).
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Figure 103: Map of urban population density

(Source: Information Center Alexandria Governorate 2009, Compiled map of Urban Density AASTMT)
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By overlaying the urban population density with the Building condition map (Figure 96) while taking in
consideration that the Building Condition map is:
o

Shifted in place

o

Doesn’t cover the whole residential area

o

Some Buildings are not residential “Commercial of Factories” which we didn’t put into
Urban Density Fabric, as the urban density is only residential Urban Density

First priority in overlaying criteria between layers on the worst then the better “so if a building is
intersected with a (very bad) and (bad) urban density category, then the result would be very bad
category classification”.

Table 43 : Overlaying Urban Population density to building condition criteria

Urban vulnerability

Very bad

Bad

Good

Very good

Bad

Very bad

Very bad

Bad

Medium

Medium

Very Bad

Bad

Medium

Good

Good

Bad

Medium

Good

Very good

Very good

medium

Good

Very good

Very good

Bldg cond.

A new Urban - Population density with building condition overlay was developed (Figure 104) in
categories (Very Bad, Bad, Medium, Good, Very Good).

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 223
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 104 Vulnerable land use with Urban – population density with building condition overlay

(Source: GOPP 2006– Compiled map of Urban population density AASTMT based on data from Information Center Alexandri
Governorate 2009)
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2.6.2. Synthesis on the Urban Sensitive Components
By excluding urban areas with very good and good criteria and using all given data on other
vulnerable land use areas like industrial areas and superstructure facilities, Primary sanitary stations,
roads and railways a vulnerable land use map of residential and population sensitivities is produced
(See Figure 105).
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Figure 105: Alexandria sensitive components (Without agriculture cover)

(Source: GOPP 2006, Information Center Alexandria Governorate 2009, AWCO 2009, ASDCO 2009, Compiled map Urban population Density overlay with Building Condition AASTMT)
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As shown in Figure 105 , the sensitive components in Alexandria are composed of four groups as
follows:
•

Urban Residential criteria and population,

•

Industrial, commercial and super structural facilities,

•

Infrastructures (roads and railways) and

•

Services facilities (potable water and sanitation)

The industrial areas could be grouped into four major areas of 13948.2 acres equals to 18.9% of the
urban area:
a. Area to the sides of Mahmoudeya lake from Khorshid area to the port has the
most important 42 companies and which is mostly penetrated in the residential
pattern, which gives a hint of considering what can be reallocated outside toward
the west
b. Abou Kuir area
c.

Al-kabary, Al-Wardian, Al-Max, Al Dekhila and Wady Alquamar

d. The area from the kilo 18 on the desert road Alexandria/Cairo toward Borg AlArab to the north west and further more toward Al-Amreya to the south west
includes Merghem area, Al-Nahda, Al Naserya and the free zone is well planned
and lots of area is available for more development
The water surfaces played a great role in shaping the urban structure of the city, and the city grew in
a linear way all along the coast, Lake Maryut and Mahmoudeya Canal helped in more linear
development
Green areas and agriculture areas to the east and the southeast limited the urban development
parallel to the north boundary but the need for more settlements directed the development on behalf
of the agricultural lands toward the south. Desert land to the west limited the urban development
toward the west although that lately it became a new urban settlement that can accept a part of the
population growth.
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3.

Analysis of the Urban Coverage in the 2030 Situation

3.1.

Urban Development Projections
3.1.1. Population Growth and Economic Development for Year 2030
Alexandria’s population was around 370,000 in 1907 and took 30 years to double to 711,000 by 1937.
The next doubling took only 23 years (1.5 million in 1960). The population has sharply increased
again to about 4 million 46 years later (2006).

Table 44 : Future population estimation (Source: GOPP 2006)
Year

2006

2017

2022

2027

2030

2040

2050

Population
(by million)

4.294

4.604

5.307

5.736

6.080

7.382

8.964

3.1.2. Spatial Distribution of the Urban Development for Year 2030
During the last few decades, there was an evident shift in Alexandria image due to its rapid
urbanization and the continuous gravitation of the rural population towards the city: the urban
population has more than tripled since 1950, amounting to 4 million in 2006 and could reach more
than 6 million by 2030. This urban expansion presents new challenges for the city especially in terms
of planning. Uncontrolled urban growth has generated serious environmental problems, increasing
social segmentation and poverty. This accelerated growth poses new challenges to the local
authorities, especially in the field of city management and the promotion of socioeconomic
development. These problems, coupled with a lack of land use plans and regulations, have pushed to
the limit the capacity of the city to provide services such as transportation, housing, energy and
security.
Potential lands for development are the current vacant lands inside and outside the current urban
area of Alexandria city and Behyra Governorate. Agriculture lands have currently an area of 173
thousand Feddans in addition of more than 300 thousand Feddans that can be cultivated (GOPP
2006).
3.1.2.1. Development limitations
There is no specific limitation of the urban future development as there are no natural barriers, but we
can say that there are some challenges because of:
- The intrusion of industrial areas into the residential areas and the associated environmental
pollution
- Limitation in public transportation that can appear from urban development along the coast
for more than 120km of length
- Limitation of number of residential places and appearance of informal buildings

-

People prefer living near the centre of the city, leaving the new development areas
to the west and south
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-

Limitation in circulation and transportation between urban area to the east and development
areas to the west
Deterioration in most residential places old and new
Lack in planning, especially in health and educational facilities
Traffic problems and intrusion of road network into the residential areas
Limitation in infrastructure and power network

3.1.2.2. Development Strategy (Strategic plan of Alexandria Governorate 2050)
The main criteria that have been taken into consideration for the future planning for Alexandria are:
1. Protection of land, climate, water ways from pollution and work on finding balance between
Natural and Human environment,
2. Limitation of industrial intrusion into residential and urban areas,
3. Works on better performance for the transportation lines and planning to form better road
network. Protection of current good agriculture lands,
4. Work on better performance of current infrastructure network and build well planned network
for the new areas,
5. Main areas for urban development is outside the current urban area to the west in Borg AlArab city, Al-Hamam, Al-Alamin and to the south with the agriculture land in Maryut, AlNahda.
6. Cultivating new agriculture lands, better use of Petroleum, Gas, Historical and touristic
places that are available in the governorate,
7. Developing a good strategic plan to develop the current city core to face future challenges
and needs,
8. Developing the current informal areas,
9. Wastewater, landfill and sanitary development and considering pollution in big deal in
planning

3.1.2.3. Recommendations from strategic Urban Plans for the City
There are some recommendations from the two projects for the Development strategy of Alexandria
Governorate 2017 and 2050.
Development plan 2017 (Developed by the GOPP with agreement with Alexandria Governorate
1997)
The General Master Plan for Alexandria (2017) was prepared by the General Organization for
Physical Planning (GOPP) in collaboration with Alexandria Governorate. The Plan was approved in
1998 and issued in the ministerial decree number 336. It is considered till now the main legal plan that
controls and guides the development in the city. It also includes some recommendations for urban
and land use development on the governorate level. The main objectives of the plan are to:
•

Organize and manage the urban growth and resources utilization

•

Accommodate the additional population increase, estimated by 1.3 Million persons till 2017 in
the existing and new urban agglomerations and development axes (New Burg El Arab City,
surrounding lake Mariut, South of the Governorate, etc…)
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Figure 106: Land use planning of Alexandria of 2017 (Source: GOPP 1997)
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•

Optimize the urban functions in the existing agglomeration and improve its services.

•

Incorporate an economic development scheme within the master plan including industrial,
tourism and agricultural activities.

•

Control the urban/industrial mix within the existing fabric.

•

Prepare an integrated plan for the elimination of slum areas

•

Conserve historical and monumental settings.

•

Address the transportation issues

The main idea in the strategic plan is to provide coordination of four main developing points:
•

Orientation of the Urban development towards the west with consideration of the relation
between the new Borg Al Arab city and the development areas and the touristic development
on the coastline and the area around Maryut Lake.

•

Surrounding the Urban development by a green belt from the south to protect the agricultural
land and to limit the urban development

•

Specifying the area to the south of Dekhila Port for the future industrial zone to assure the
separation between opposite land uses

•

A new proposed urban area to the south of the city at “Monquar Al-Hodhod”

Alexandria 2050 Vision (Developed by The University of Alexandria with agreement with
Alexandria Governorate 2004)
The Strategic Plan for 2050 was a document prepared by the Alexandria University in 2004 in
collaboration with Alexandria Governorate, based on a prime-minister recommendation, and had the
main aim of formulating a development ‘Vision’ for Alexandria till 2050. It is based on the 2017 plan
and proposes a prototype for future development of new urban centers, with special emphasis on the
western and south-western directions. The 2050 strategic document provides recommendations for
future development, but it is not considered as a legal document.
The major direction of urban expansion will be towards the Southeast. The wetlands and rural areas
inland of the city will likely be progressively urbanized.
The other main features of the master plan are:
- Creation of small urban cores that grows by the time to an area of 25,890km2 to accommodate
the population growth expected by 2050
- Separation between sectors, so each sector has all its needs from services and its main activity
to provide full integration between sectors
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Figure 107: Proposed complete development plan for Greater Alexandria 2050 (Source: Urban Plan
Vision Alexandria Governorate 2050 – GOPP 2006)
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New administration division under the name of Great Alexandria, the current Alexandria added to it
the area of two centres and there cities of Al-Hamam and Al-Alamin and to be divided as follows (See
Figure 107):
• Alexandria city with its 7 districts + Borg Al-Arab center and city) that can accommodate 4million
person accurately
• 5 urban new sectors which can accommodate extra 4 million person
Table 45: Populations and activities of Alexandria districts

Sector

Current
Alexandria city

Population
in million

4

1

1

1

0.5

Al-Montaza

Old Borg Al-Arab Al-Hamam City Al-Alamin City AL-Nahda

Sharq

New
Arab

Wasat
Al-Gomrok
Districts

Monquar
Borg Al-Arab
Al-Hamam
Al-Alamin
Al-Nahda and
Al-Hodhod
Centre and city Centre and city Centre and city Maryut Centre
Centre

Gharb
Al-Amreya
Al-Agamy

Borg

Al- Al-Salam

Bahig

Al-Omayed

Abou Sir

Al-Omayed
Coast

Al-Gharbaneiat

Awlad Masood

Tal Al-Abas

0.5

Maryut

Sidi
Abd-Al- Al-Nasereya
Rahman

Awlad Gebril

Borg
Al-Arab
Center and city

Main
Activity

Transferral
University
– International Agriculture – Industrial
activities
industries
+ Agriculture – Tourism and Animal
Agriculture
+ industry
– green
activities and (Heavy
agriculture
heavy industries complementar industries
industries +
industries
pollution
+ complementary y services
services
industries)
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Urban Situation of the Lake Area and Development Projects
Seoudi (2005) has presented to the Governorate through a World Bank study, a strategic approach
for sustainable urban development to Lake Maryut area (lake and valley).
Alexandria is currently facing 3 priority challenges as identified in its strategic plan: the first is to
create a minimum of 40,000 jobs/year, the second is to upgrade 30 squatter settlements where onethird of the population lives with limited access to infrastructure and municipal service and a high rate
of unemployment (15-20%), and the third is to address pollution in Lake Maryut due to the discharge
of untreated and primary treated sewage and industrial waste.
Alexandria Lake Maryut Integrated Management (ALAMIM) project aimed to promote a sounder and
more sustainable development pattern of the Coastal Zone of Alexandria through the promotion of
integrated management of Lake Maryut Zone, and the adoption of a sound participatory integrated
development action plan for this zone encompassing environment protection, economic development
and the needs and interests of all stakeholders.

Mains Issues Regarding the Urban Development Plans
As previously mentioned, the General Master Plan for Alexandria (2017) is considered the legal and
binding document for controlling the current urban development and for preparing detailed plans of
the city’s new expansions. The plan is mainly implemented through the Planning Department in the
Governorate, through the preparation of detailed plans and issuing landuse permits.
The main issue regarding the urban planning in Alexandria is the absence of a powerful management
and follow-up mechanisms that controls illegal land acquisition, urban sprawl and illegal housing
activities, especially in light of the continuous increase in land and real estate prices. As a
consequence, the current situation exhibits major illegal expansions concentrated mainly southeastern of the city as well as towards the south west and west of the city. While the Department Plan
struggles in order to regularize the land prior to development, the urban sprawls usually happens in
advance.
Currently, the Governorate and GOPP are taking different measures to control the illegal expansions
as follows:
•

Preparing new urban legal city boundary that incorporates new areas and the preparation of
detailed plans for those areas to control the urban growth types and directions.

•

Preparing detailed and action plans for some of the new areas that are exhibiting current or
possible expansions.

•

Delimiting slum areas and preparation of urban growth limits for those areas.

•

Delimiting industrial expansions within the current urban fabric.
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3.1.3. Expansion of the Main Urban Public Facilities and Networks
Road and Transportation network
There are needs for more major roads to connect the north and south of the city
Sanitary network

Figure 108: Current and proposed Sanitary pump and treatment station till 2030 (Source: ASDCO)

There are many project and development plans delivered to cover the whole urban area to fulfill all
city future needs.
3

At El-Max and El-Dekhila, a secondary treatment station is being built of 300 thousand m /day
capacity and there are 13 pump stations disposal areas of 65 km and a network of 50 km. Building the
network began since 2006. There is also a project of building a network for rain drainage but this
projects won’t be finished before year 2020. At Al-Amreya, a treatment station and 5 pumping stations
and network are being built till year 2020.
For informal settlement areas, the Sanitary Authority has done sanitary projects to serve 24 informal
areas and is working on serving more 19 areas.
According to the planning project of 2017, there is a proposal of building a sanitary station in Monkar
Al-Hodhod area to the south of Wadi Al-Natroun – Al-Alamin road.

3.2.

Foreseeable Changes in Land Use
By comparing all given data, development-planned projects in different sectors and taking into
consideration Alexandria plan 2017 and the vision of 2050, an estimated urban land use was
produced. Figure 109 shows the development of new industrial and residential areas in Monqar al
Hodhod and in New Borg Al-Arab city.
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Figure 109: Changed in land use (Source: compiled from the GOPP plans of 2017 and the vision of
2050 with the landuse maps)

Overlaying the main sensitive components of services and residential areas, an estimated 2030
sensitive component maps is produced (See Figure 110).
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Figure 110: Estimated Landuse evolution for 2030 added to it main landuse sensitive components (Source: compiled from the GOPP plans of 2017 and the vision of 2050 with the landuse maps)
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4.

Analysis of Urban Vulnerabilities and Risks

4.1.

Analysis Limitations
In this section, the purpose is to combine hazards and sensitivities, i.e. determining risks. The
output is supposed to be mostly cartographic, based on GIS. In the framework of the present project,
such exercise has been performed for Tunis, Casablanca and the Bouregreg Valley (Morocco).
In the Alexandria case, as shown in the previous sections, detailed mapping of sensitive components
of the Alexandria urban area has been provided. In order to define vulnerabilities, similar mapping of
hazards should have been produced. However, and despite extensive use of all available
topographical data, it has not been possible to build a DEM sufficiently accurate to enable
simulations of either marine submersion (by storms or tsunamis) and erosion, or pluvial
inundations (see section 2.5.3. – Chapter 2).
Without seismic microzoning of Alexandria, it is also risky to draw any seismic hazard map.
Assuming that the subsidence phenomenon detected by satellite interferometry (ALTAMIRA’s study)
occurs in areas of thick unconsolidated or soft sediments, also known as sensitive areas regarding
seismic effects, we can however presume that subsidence maps can be used at first sight (see Figure
22)
Given these limitations, the analysis proposed in the present section is mainly qualitative.

4.2.

Present Situation
The

review

of

the

topographical
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Figure 17) shows that there are currently large stretches of the Governorate territories below sea
level, south of the city. These areas correspond to former extensions of Lake Maryut and to the
former Abu Quir lagoon, which have been drained and reclaimed for agricultural use. These areas are
th
kept clear of water thanks to considerable hydraulic works carried out as soon as the 18 century
(Abu Quir sea wall). Land occupation and land use analysis (see Figure 89) testifies that these areas
are mainly reserved for agricultural use, but the historical urban development shows – since half of
th
the 20 century – a strong trend to expand the city in these areas (see Figure 83). So, in the current
situation, we can consider that most of the recently constructed lands between the hydrodrome and
Abu Quir are lying below sea level and are liable to flooding. In addition, the satellite interferometry
survey performed by ALTAMIRA in the framework of the present study led to the conclusion that
some of these areas are subject to current strong subsidence (see Figures 23 to 25). This
phenomenon worsens the situation regarding topographical issues and increases the vulnerability of
these areas.
The review of the seismic risks of Alexandria shows a moderate exposure to earthquakes at regional
scale. However, at local scale, and taking due account of “site effects” (aggravating factor due to
unstable geological formations), the hazard may become stronger and light damages might appear in
case of extreme events. Nevertheless, in the time frame of the present study (horizon 2030), it is
unlikely that an event such as the 320 earthquake occurs, and the last noticeable earthquakes did not
generate significant damages. It must be noted that most of the Alexandria urban areas are built on
Quaternary formations (see Figure 16), and are therefore concerned by site effects. Without specific
microzoning study, it is difficult to specify where the most exposed areas are. It is possible to partly
offset the lack of data by making use of the interferometry survey. It can be indeed assumed that
areas affected by strong subsidence are also the most site effect prone areas. Figure 22 could
therefore be used for drawing a preliminary microzoning of seismic risks in Alexandria. ng the
northern border of Lake Maryut, and in the southern part of the city between Gharb district and Abu
Quir.
As shown on Figures 58 and 59, coastal erosion and submersion risks are considered as high
between the El Dekheila and Western harbors, because the densely constructed shoreline is not
protected either by a wide natural beach or by artificial protection works (breakwaters, groins …). It
mainly concerns the central part of the El-Mex district shoreline. The other parts of the urban
coastline, while densely urbanized, are deemed less vulnerable because already protected. For
example, the Cornish beaches show numerous protection works and are regularly nourished to avoid
erosion. West to Al-Agmi, where the urban fabric gets sparse, the built up areas are protected by wide
sloping beaches. With respect to submersion risks, either because of storm surges or tsunamis,
without accurate topographical data it is impossible to specify the most exposed areas. In case of
strong storm, the wave run-up may break on coastal infrastructures (ports, Cornish road …), causing
some damages, but no submersion of urban areas is reported. Extreme tsunamis events such as
years 365 and 1303 are very unlikely. The last noticeable tsunami (1908) did not cause damages to
Alexandria.
Flood risks in the city are mainly related to heavy rains during winter storms (squalls). Even if the
sanitation authorities acknowledge receiving numerous complaints due to overflows on the combined
sanitation system, the current situation does not seem to generate significant flooding issues.
Flooding impact seems limited to streets, which operates as a substitution drainage system. There is
no inventory of black spots. The main impact is traffic disturbance. Since most of direct discharges to
the sea have been suppressed, wastewater and runoff water flow, either by gravity or via pumping to
Lake Maryut. It was therefore interesting in the framework of the present study to check Lake Maryut
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retention capacity and verify the impact of these discharges on the lake level, knowing that the
lakeside areas are densely urbanized. Simulations show that even for a 100 years event, the lake
level would not raise more than a few decimeters, so the impact in terms of possible inundation of the
lakeside areas does not seem significant. The city is however not protected from possible failure of
the El-Mex pumping station, or rupture of Abu Quir sea wall. The latest event could lead to the
inundation of large stretches of land, including urban areas, currently located below sea level.
The main urban vulnerabilities, i.e. urban components likely to be affected by the above natural
risks are port facilities, coastal roads, and dwelling houses on the coastline directly exposed to
erosion and submersion risks. The sanitation system is highly sensitive to heavy rains, and in case of
overflow, streets and tunnels may be flooded. Despite poor standards of construction, residential
buildings are mostly made with reinforced concrete, and can be considered – according to seismic
current classifications (see Section 2.1. in Chapter 6 – Economic Evaluation) – of moderate seismic
risk. However, the bad condition of some of these buildings, especially in the Gharb district (see
Figure 96) constitutes an aggravating factor. Informal settlements and slums are mostly made of
masonry, which is more vulnerable to seismic risk. Let us recall that slums represent only 3.25% of
the total Alexandria area, but 35.4% of the population. Slum settlements are mainly found in AlMontaza and Sharq districts (see Figure 100). Their location coincides with areas of strong
subsidence determined by interferometry analysis. Because of the bad geotechnical context, these
areas can be considered as the most sensitive regarding seismic risks. It is also likely that some of
them are below sea level (at the edge of the former Abu Quir lagoon), involving drainage and
sanitation issues, as well as major flood risk in case of rupture of the Abu Quir sea wall. The synthesis
map on urban sensitive components (Figure 105) clearly shows that these areas are at stake
regarding both high population densities and drainage issues (high density of sanitary pumping
stations).

4.3.

2030 Situation
With respect to the topographical situation, we can assume that the strong subsidence
phenomenon measured by satellite interferometry will continue in the next years. It means that the
low-lying urban areas that border the Abu Quir depression may continue to sink.
Climate change will not affect seismic risks, but urban growth will expose new populations to this
kind of risk, especially if such growth occurs in subsiding areas, to be considered as the main
earthquake prone areas.
The sea level rise induced by climate change is likely to increase the coastal erosion and
submersion risks. The coastline sensitivity will not change much from Al-Agmi to Abu Quir, the
shore being already densely urbanized. Westwards, new touristic and residential resorts will increase
the sensitivity, but population density will never reach those of the Eastern districts. In this context, a
20 cm sea level rise in 2030 will worsen erosion risks above all along the beaches that are not
currently protected, west to Al-Agmi (see Figure 71). Storm surges height will increase by approx.
12%, considering run-up. It is significant, but not enough to estimate that coastal submersion risks will
change drastically at the considered horizon. The shoreline between the El Dekheila and Western
harbors should remain the most vulnerable area regarding erosion and submersion risks.
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Despite uncertainties on precipitation trends, it is supposed that climate change will result in more
19
extreme rainfall events and will therefore increase flood risks . The most vulnerable zones will
remain the low areas around Lake Maryut and South of Abu Quir. According to the main available
elements on Alexandria future urban development, these areas should stay clear of new major
settlements. Moreover, simulations of possible changes in Lake Maryut water level show that lakeside
urban areas should not be affected, provided that current water management conditions are kept.
However, despite all efforts aiming to restrict uncontrolled urban sprawl, it is likely that some exposed
areas such as the southern part of Sharq and Al-Montaza districts will get urbanized in the coming
years, mostly by informal settlements. More intense rainfalls will make it more difficult to drain these
areas, and sea level rise will worsen flood risks in case of rupture of the Abu Quir sea wall.
Based on the 2017 urban master plan (see Figure 106), new urban vulnerabilities are foreseeable
westwards alongside both shores of El Mex Lake. This is confirmed by the sanitation master plan,
showing large stretches of “future served areas” West to Al-Agmi and Al-Amreya, towards Borg AlArab (see Figure 108). Though this master plan is not a real urban plan, we consider it is especially
relevant, because it has been issued recently, it concerns the same time horizon as the present study,
and above all it seems to take the most likely scenario of urban growth into account. Hence,
regardless the main orientations of urban plans, it shows that urban expansion will develop not only
westwards, but also South of the city in continuation to the existing urban areas, from Lake Maryut to
Abu Quir. As pointed out above, some of these areas are sensitive in terms of both flood and seismic
risks.

_____________________________________

The following figures illustrate the areas at stake in Alexandria, for the present and the 2030
situation, with regard to urban vulnerabilities and multirisk analysis, as described in the
present section. It must be borne in mind that these figures only provide an indicative view of
the situation, and cannot be used to delineate risk areas.

19

It is recalled that the simulations of extreme rainfalls in 2030, using various model-scenarios, show high discrepencies (see
section ), and that in such situation, the Consultant think preferable to take conservative assumptions.
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Chapter 3 - Economic Evaluation

I was in search of a one-armed economist,
so that the guy could never make a
statement and then say: "on the other hand."
Harry S Truman

1.

Introduction

In line with the results presented in the preceding parts of this report, this chapter covers Part 1.f of
the Terms of Reference (ToR): ‘evaluation of socio-economic costs of the impacts of CC and natural
disasters risks’. The ToR stipulate that the horizon is 2030, meaning that hypotheses have to be
developed as to the evolution of vulnerability up to that horizon.
In compliance with the ToR and proposed methodology, our approach was set as follows:


identification of a ‘reference’ scenario, also known as the Business as Usual (BaU) scenario,
for which the costs associated with the natural disasters covered by the study are evaluated;
the subject is addressed in this chapter;



identification of actions to mitigate these disasters and evaluation of the costs of mitigating
actions and of the proportion of damage those actions could prevent in relation to the BaU
scenario, in order to provide elements for appreciation of their economic effectiveness; this is
e
Part 2 of the ToR; it will be dealt with in Phase II of the study.

This methodology, derived from the Cost-Benefit Analysis (CBA) method, is intended to provide
decision-makers with the economic component of the terms for complex development choices. To
achieve this, the BaU scenario must be a credible reflection of future urbanisation as currently
foreseen. While the exercise is, by its nature, prospective and uncertain, it is nonetheless necessary:
failure to take account of the BaU scenario underlying the changes in vulnerability is not only
prejudicial to the quality of the analysis but above all to its relevance, as it would not provide decisionmakers with information that is truly useful to them. The value added of advice is to contribute to a
clear presentation of the terms of the following choice:

From the point of view of management of natural hazards, is it necessary to adhere to an urban
development policy based on the BaU scenario or is it preferable to envisage one or more
alternatives that would improve on the BaU situation and, if so, what are those alternatives?
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To address this question from the economic point of view, decision-makers need to be presented with
a view of the consequences of choosing not to deviate from the path already engaged upon (BaU).
That is the purpose of this chapter.
From the quantitative point of view, the CBA is generally based on the net present value (NPV) or
cost-benefit ratio. In finance, this means comparing the discounted gains and losses associated, in
general, with a given investment. The parallel here is to consider as ‘gains’ the damage avoided in the
BaU situation and for which additional investment is proposed—the ‘losses’, and then estimated in
Phase II.
Therefore, what is considered as a cost in Phase I will become, wholly or partially, a benefit in Phase
II. Although the concept may appear simple, its application requires reaching a firm agreement on the
BaU scenario and on the perimeters of each the associated costs and benefits.

The BaU scenario, as thought in the methodology, therefore, the city of Alexandria in 2030 in a
situation of climate change; the vulnerability and associated hazards are those described in the
previous chapters. It is however necessary to produce an analysis consistent with the available data

The damage considered should be, ideally, that arising from the hazards included in the study,
whether linked to CC or not: geological hazards (earthquakes and tsunamis), floods and storms; the
impact of CC on water resources is also addressed. Damage to health linked to temperature changes
is addressed in a separate section. The cost calculation methodology in the BaU scenario is partially
specified in Appendix 8 and, when possible, also in the next section for specific aspects of some
hazards.

A few methodological points will remain to be covered in Phase II, but most are stipulated here, in
Appendix 8. Conversely, the analysis here can only be partial, whereas it will be fuller and more
integrated in Phase II.
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Introduction: basics of the Egyptian economy
The profile and indicators of the Egyptian economy are typical of a developing country in the middle-income
category. The table below presents the Egyptian Gross National Product (GNP) per capita through the period
1997 to 2006. The Egyptian population inside Egypt was 61.5 million in 1996, increasing to 72.6 in 2006. The
Gross Domestic Product (GDP) was 78.44 billion US$ in 1996, increasing to 107.43 billion US$ in 2006. The
Egyptian workers’ remittances and other Egyptian external incomes are added to the GDP to produce a slight
increase in the Gross National Product (GNP). The values of the GNP were 82.65 billion US$ in 1997, increasing
to 112.94 billion US$ in 2006.

Year

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Gross National Product (GNP) for the period 1997 to 2006, at market prices in US$.
GDP**
Egyptian
Average
population market
GNP**
GDP market GNP market
Exchange
price,
inside
market price
price (billion price (billion
Rate***
(billion LE)
Egypt*
(billion LE)
US$)
US$)
(LE/US$)
(million)
265.9
59.4
280.2
3.39
78.44
82.65
287.4
60.7
304.1
3.39
84.78
89.71
307.6
62.0
323.8
3.39
90.74
95.52
340.1
63.3
356.1
3.41
99.74
104.43
358.7
64.7
373.6
3.68
97.47
101.52
378.9
66.0
393.1
4.45
85.15
113.94
417.5
67.3
432.2
5.15
81.15
84.00
485.3
68.6
502.8
6.17
78.65
81.49
538.5
70.0
563.1
6.01
89.60
93.69
617.7
72.6
649.4
5.75
107.43
112.94

GNP per
Capita (US$)
1,391
1,478
1,541
1,65
1,569
1,726
1,248
1,188
1,338
1,556

* CAPMAS Bulletins. ** Ministry of Economic Development (2007), "Series of Basic Data of Production, Investment, Employment and Wages,
1981-2007", Cairo, Egypt. *** Average Exchange rate is determined based on data from the Central Bank of Egypt.

The GNP per capita in Egypt was 1,391 US$ in 1997, increasing to 1,556 US$ in 2006. In this respect, Egypt is
categorized as a lower middle income country. The figure below presents the growth rate of Egypt's GDP based
on 1981/82 fixed prices. It can be seen that the growth rate ranged from 1.15% to 7.28% in the period from 1990
to 2007, with an average growth rate of 4.47%.for this same period.
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As illustrated the implemented investment through the period of 1995/96 to 2006/07 at market price expressed in
billion LE for each of the public and private sectors. In 1995/96 the contribution of the public sector was 62.3% of
the total investments in Egypt, with the share of the private sector share amounting to 37.7%. By 2006/07 the
situation was reversed: the private sector accounted for 61.5% of investments, with the public sector accounting
for 38.5%. This demonstrates that economic reform and the move towards privatization, declared by the
Government of Egypt since the early 1970s, is advancing but that it has not been fully implemented till this
reporting.
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Figures for the sectors shares in the GDP of Egypt are presented in the table below. These are obtained from a
report produced in 2007 by the Ministry of Economic Development (Ministry of Economic Development, 2007). It
can be seen from the table that, generally, the total share of each sector has increased in 2006/07 relative to its
respective share in 1997/98. Moreover, the share of each sector in the total has changed, so has the division
between public and private sectors, reflecting the sectors affected by the privatization policy.
Sectors percentage shares in the GDP of Egypt.

Sectors

1997/1998

2006/2007

Public (%)

Private (%)

Total (%)

Public (%)

Private (%)

Total (%)

Agriculture

0.1

17.0

17.1

0.0

13.8

13.8

Industry and Mining

3.6

14.7

18.3

1.7

14.3

16.0

Petroleum & its Products

5.0

0.8

5.8

13.3

2.7

16.0

Electricity

1.6

0.0

1.6

1.2

0.2

1.4

Construction

2.1

3.0

5.1

0.5

3.9

4.4

Transportation

1.3

4.3

5.6

0.9

3.4

4.3

Communications

1.2

0.0

1.2

1.1

1.0

2.1

Suez Canal

2.3

0.0

2.3

4.1

0.0

4.1

Trading

0.8

16.4

17.2

0.4

11.0

11.4

Finance

3.9

1.6

5.5

3.2

1.7

4.9

Private Insurance

0.1

0.0

0.1

0.2

0.1

0.3

Hotels & Restaurants

0.0

1.2

1.2

0.0

3.6

3.6

Housing & Real Estate

0.1

1.7

1.8

0.1

1.5

1.6

Public Facilities

0.4

0.0

0.4

0.4

0.0

0.4

Social Insurance

0.1

0.0

0.1

1.9

0.0

1.9

Social, Gov.& Personal Services

8.9

7.8

16.7

9.5

4.3

13.8

Total

31.5

68.5

100.0

38.5

61.5

100.0

The shares of the basic economical sectors; agriculture, industry, electricity, construction and transportation,
have slightly decreased for 2006/07 relative to 1997/98. The growing sectors have been the sectors of petroleum,
Suez Canal, tourism (hotels and restaurants), social insurance and social services. Starting 2001/02, the private
sector has taken a share in the electricity sector for the first time, with this share increasing to 0.2% in the GDP
for 2006/07. A 7% increase in the total share in the GDP was realized by the public sector, which seems
inconsistent with privatization reforming. However, this is due to the substantial growth in the petroleum sector:
the shares of the public sector for Petroleum and its Products increased from 5.0% in 1997/98 to 13.3% in
2006/07.
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2.

Evaluation of the Socio-Economic Costs of the Impact of Climate
Change and Natural Disasters

The methodology proposed strongly relies on urban vulnerabilities projection for 2030 and a good
characterisation of the hazards, including under GIS format. This is especially true for the cost
analysis of tsunamis, floods, marine submersion and coastal erosion, with high sensitivity towards
DEM and spatial variability. In this regard, the framework laid out in the previous sections cannot be
fully implemented to these hazards. Even if we attempted to make a qualitative or a rough quantitative
estimate on the future scenario, it should be based on a present trend or picture, which is likewise not
satisfactory available. In the same way, when more detailed description on hazards is available, it
doesn’t come with a probabilistic analysis (return period), allowing a reasonable AAC estimation. Still,
some quantitative estimates were possible for the health issues (next section) and water resources,
since they do not directly rely on spatial data, as well as seism, whose hazards can be considered
homogenous in the area considered.
All the same, it seems that Alexandria faces high levels of vulnerabilities and it is likely to worsen in
the next 20 years, unless adequate action is undertaken. The high vulnerability is characterized,
among others, by the high population density and slums development. In the next sections, we
introduce some comments specifically for each hazard.

2.1.

Seism

Even if some cost estimates were done for some historical seismic events, such as the event of 1998,
the extrapolation of some general data will not be trustworthy, the severity of damage being a function
of the return period of the event, local geological structure, and the spatial distribution of the
‘vulnerability vector’ in 2030.
The methodology for assessing direct economic damage from earthquakes is to estimate the damage
for a given return period, and then compute the expected overall risk by integrating over all
frequencies to obtain the corresponding AAC.
Several scales exist to characterize an earthquake: the released energy in depth, subjective
measures of surface damage, the velocity or peak acceleration (PGA, expressed as a percentage of
20
g ). The seismic expertise provides us with correspondences between these scales as well as
correspondences between the PGA and return periods based on the Alexandria’s site analysis, which
allow us to fit frequencies and real damages in order to carry out an economic assessment:

Figure 113: Assessment of seismic damages
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Standard gravity : 9,81 m/s²
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For a given seismic hazard it is therefore necessary to relate the intensity scale with the damage
21
caused. This is based on vulnerability. We use here the typology EMS98 :

In this classification, the adjectives "few",
"many" and "most" can be quantified using the
following scale:
The vulnerability classes are characterized as
follows:

Figure 114 : The European Macroseismic Scale 1998

21

European Macroseismic Scale 1998. European Seismological Commission, Luxembourg 1998.
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A first step is to establish a link between the urban typology as projected in 2030 and the type of
seismic vulnerability (EMS98). If one makes the link with the proposed methodology, this implies
specifying the BAU in the seismic terminology. The assumptions are based on the urban expertise:

Table 46 : Classification of Alexandria urban vulnerabilities according to EMS98
Residential Typology
code

classes

Type of structure

2

Non-residential artificialized territories

22

Infrastructure and communication networks

111 Dense continuous residential
112 Averagely dense continuous residential
121 Discontinuous residential
131 Regrouped informal housing
132 Scattered informal housing
211 Industrial and commercial areas
231 Superstructure facilities

frame without earthquake-resistant design (ERD)
major: frame without ERD
minor: frame with moderate level of ERD
major:frame without ERD
minor: frame with moderate level of ERD
major:frame without ERD
minor: frame with moderate level of ERD
major: masonry unreinforced, with reinforced concrete floors
minor: frame with moderate and high level of ERD
wood and frame without ERD
major:wood
minor: frame without ERD
Steel
major: masonry unreinforced, with reinforced concrete floors
minor: frame without ERD and with moderate level of ERD

Vulnerability
Class (EMS98)
C

C; minor D
C; minor D
C; minor D
C; minor D
C; D
D; minor C
E

C

The different vulnerability classes and the tables of correspondence allow us to determine damage
coefficients to be applied in the buildings for each return period taken in account:

Table 47 : Vulnerability / damages correspondence

Vulnerability
Class
C; minor D
C; D
D; minor C

Damage coefficients per return period
T= 20 years

T= 50 years

T= 100 years

T= 475 years

0,20%
0,13%
0,05%

0,40%
0,25%
0,10%

0,57%
0,40%
0,24%

0,73%
0,55%
0,37%

The rule of quantification of the damage per project typology, together with the urban planner data on
buildings and its real-state value, gives the assessment of damages costs.

The calculations are based on the following assumptions:


The correspondence between the scale of damage and the percentage of value lost is made
taking into account the nonlinearity of the phenomenon, and the strong convexity of the curve.
In effect beyond a certain threshold of damage to a building, it is no longer habitable, and its
value is zero.



The expression of the damage in monetary terms is based on the real-estate value as
projected in 2030. Still, the real-estate value (market value) is decomposed in the value of the
land itself (land-service) and the value of the building. The damage coefficients are only
applied to the part corresponding to the building value, since it is the value which is effectively
affected by this kind of event. Based on local data on typical land-service values per districts
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of Alexandria, we found that on average 55 percent of the total real-estate corresponds to the
building value. This was applied to all real-estate values per typology.


As explained in Appendix 8, the calculation is based firstly on real-estate values. In order to
take account all public buildings and infrastructure (transport, energy, water and sewerage
networks) as well as movable we have set coefficients to be added to the sum of the realestate asset values, to cover all direct damage.



A major uncertainty is that related to real-estate values in 2030. Since there are no reliable
data on the current trend of these values, a conservative rate of 1% increase per year on the
real-estate prices was applied for the next ten years.



Data on typology areas are only available for the current situation. The 2030 projections on
these areas were made based on the average expected residential area growth provided by
the town planning specialist. A homogenous 50% growth rate was applied for all typologies
taken in account.



It should be noted that covering a very large area gave the possibility of benefiting from a
favourable scaling factor, since the use of average functions over a small area can lead to
larger relative errors than over a vast area, which will tend to smooth out the irregularities.



To calculate the indirect costs, because of the lack and non-reliability of information about
population densities and GDP per capita trend, we opted to apply the ratio of 25% of the total
found in the Tunis’ study.

The results are presented as follows:
Table 48: Seismic risk cost estimate

The annual average cost of earthquakes is 646 MLE, or about 0.26% of annual GDP of
Alexandria in 2030 (expressed in constant 2010 LE), or 0.70% of the current GDP of Alexandria.
We see that it is a significant cost relative to the total ACC considered. However, this is not to be
interpreted in terms of resilience; it is rather a consequence of the methodological approach chosen.
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After all, particularly in the field of earthquakes where very long return periods are considered, the
deterministic approach is not necessarily the most suitable.

2.2.

Tsunamis

The assessment of tsunami risk concluded that in the case of the 20 years scenarios (and even 50
years), the probability that a tsunami of seismic origin likely to cause significant damage occurs in
Alexandria is very weak (see section 3.4 in Chapter 2). The calculation of damage costs, notably the
AAC, of events with very high return periods (150 to 800 years) is not suitable and the cost of tsunami
will be considered negligible.

2.3.

Flooding

The risk of flooding is difficult to qualify since it differs widely with distance from a drainage network
and with local terrain. The ideal approach of systematic urban modelling is excluded, given the area
covered and the study's time/budget format. It is therefore necessary to approach the exercise with
varying degrees of accuracy depending on the data availability.
The main aim is to compile the minimum data needed, in order to properly apply the proposed
approach (Appendix 8). It is reasonable to focus effort where there are, a priori, the greatest number
of assets, and to understand and capitalise on the factors underlying a damage function for these key
areas, in order to transpose it elsewhere to obtain a more refined damage estimate in areas less
studied or for which less information is available. Then, from a vulnerability curve associating a
damage ratio with a given level of submersion, we relate the hazard event to each return period
greater than the overflow flood.
Nevertheless, section 2.5.3 in Chapter 2 concludes that the data available could barely define the
topography of the city. A more accurate and more reliable data on elevation of various parts of the city
are necessary. This, combined with the deficiency of urban vulnerabilities spatial characterisation,
does not allow a reliable estimate of flooding costs. A qualitative estimate could be proposed, but, in
the same way, its range of incertitude would not permit any functional conclusion. Too much
uncertainty makes quantification meaningless.

2.4.

Storms

Storm hazard has two types of attendant risk: submersion by seawater of part of the city and
coastal erosion. Submersion by seawater requires a high intensity event, dependent on the swell
and on the local profile of the coast and bathymetry, on sea level rise and, of course, on coastal
development and engineering. Conversely, coastal erosion is a more continuous phenomenon with a
step effect that is less marked than for submersion by seawater, but which becomes more marked as
storm intensity increases.
This is a somewhat complex field: first, understanding of the link between CC and storms is in its
infant stages. The impact of CC with rise in sea levels is, on the other hand, explicit, but remains
limited in the case in question. CC notwithstanding, modelling storms requires a lot of data that are
not available here. The statistical work is often based on a generalised Pareto distribution (see, for
example, Hallegatte et Al, 2008), but there appears to be much ongoing discussion as to the most
relevant laws, as is the case for all of the fields calling on the theory of extreme value laws.
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Even if the vulnerability of the city to these hazards are unequivocal, since Alexandria shows very
high densities along its water-front and there is a big interference between the water and the urban
area, it is not possible to quantify its level with the data available.
Costs evaluation of submersion by seawater follows the same framework as inundation, and
consequently faces the same obstacle in this study. As described in Appendix 7, the model was able
only to calculate the impact of SLR scenario of 0.50 cm, not allowing any objective conclusion.
In the case of coastal erosion, the main difficulty here is that it depends on the frequency and
intensity of storms, regardless if these flood the city or not. Characterising storms is a real challenge.
An additional difficulty is that, for equivalent hazard events, erosion is, in fact, highly sensitive to very
local data, the coast profile and bathymetry in particular. A quantitative evaluation taking detailed
account of these factors was not possible.

2.5.

Water Resources

In Egypt, access to clean water and sanitation appears to be good: the World Bank reports that 95%
of the population has access to “improved water resources,” and 98% of urban population has access
to sanitation (World Bank, 2003). The per capita water availability is about 1000 m3 of water per year
– countries are sometimes described as water stressed if per capita water availability is less than
1000 m3.
There are complex interactions between water resources and CC and, while some global trends have
been estimated, it is difficult to make pronouncements for a country beyond a few qualitative
generalisations, and even more so for a particular city (See, for example, Bates et Al. 2008). The
governorate gets its need of water from Al-Mahmoudeya Canal which is considered a part of Rosetta
Branch of the River Nile. The Canal is considered a strategic source of drinking and provides
Alexandria Governorate with drinking water and water for both industrial and agricultural purposes.
Whatever the dynamics involved, it is reasonable to suppose that water will remain a priority for
Alexandria. The BaU scenario for this topic is no different to the current situation. Ascertaining how
possible excess costs will break down at national level and what share of the excess will be borne by
Alexandria is an exercise well beyond the scope of this study. At this stage we do not consider the
urban water resource as being affected, all the more so since health costs already include costs
relating to illnesses linked to environmental health, of which water is a part.
However, it is not satisfactory to neglect a variable without knowing its potential impact on risks. We
can postulate that CC will induce an increase of 10 per cent in the price of water in the urban
area (in real 2030 terms). In our classification of data (see Appendix 8), this ratio, while it is realistic,
belongs in the ‘heroic assumptions’ category. The idea is to simply observe orders of magnitude and
sensitivity of some variables in the area of risk. The price of water in Alexandria depends on the
volume consumed and is around 30 piasters per m3.
22

Following the trend presented between 1995 and 2005 in the city , the annual per capita
3
3
consumption in Alexandria, reaches 130 m and the population in 2030 will consume 785 M m of
water, leading to an annual excess cost of 23,6 M LE.

22

Source : Alexandria Company for Drinking Water
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We will not count this cost below, given the lack of reliable data and, as always, in the interest of
the conservatism principle governing our approach (see Appendix 8). However, the calculation
performed has the advantage of reassuring us that we are not committing a major error of
appreciation, 23.6 M LE represents to less than 10% of the costs relating to health, and would
therefore represent a lower part in the overall mix of risks studied here.

2.6.

Conclusion

It emerges that the assumptions underlying vulnerability constitute strong determining factors for the
costs associated with a BaU urban development scenario, more so than climate change itself, in the
current state of our understanding of the phenomenon.
In this part we will not return to the uncertainties and meaningfulness of quantitative elements
provided here, important points already covered in Appendix 8.
The total annual costs of disasters considered by the study, and for which cost estimation was
possible, taking into account the CC, is estimated to 646 MLE (668 including water resources) in
2030, expressed in constant current LE. This represents 108 LE / person / year in 2030, or 0.26% of
GDP of Alexandria in 2030. Alternatively, in 2010 this represents 158 LE / person / year and 0.70%
of GDP.
Indirect costs represent 25% of total costs. This figure results from the methodological choices
presented and should therefore not be discussed outside that framework. Moreover, the share
attributable to the CC is nil on earthquakes.
Present value of these costs is here proposed over the period 2010-2030 in MLE of 2010. We bellow
propose 5 discounting scenarios:

Table 49: Discounting scenarios for the net present value
Discount

1%

2%

3%

4%

5%

NPV (MLE)

7 612

6 980

6 090

5 668

4 955

In % of 2010 GDP

8,2%

7,5%

6,6%

6,1%

5,4%

To simplify we could say that the net present value of the considered disasters over the period 20102030 is of about 7% of the current GDP hence some 6,5 billions LE.
It is also possible to evaluate the price we would be willing to pay today to cancel all considered
disasters in the great Alexandria. This calculation leads to results between 13 and 65 billions LE
depending on chosen parameters, hence between 15% and 70% of current GDP of the area.
Such amounts cannot be appraised merely in terms of their value but are highly dependent on the
financing system to be planned, and especially on provisions for solidarity, either within the city of
Alexandria or between the Egyptian nation and the city and, of course, in accordance with the general
state of public finances at present and in the future.
As stated in Appendix 8, the proposed framework based on a bottom-up approach could not be fully
implemented to these hazards. Bottom-up approaches indeed requires a substantial data collection in
order to build up a reliable picture of the assets and the spatial distribution of the natural disasters

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 258
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

risks. On the contrary, a top-down method consists in deducing these values from data on a larger
scale (national or regional), which are in general more accessible. Thus, it is interesting to complete
our assessment with a brief exercise of estimation based on a bottom-up approach, namely the
Nordhaus model.
It is important to state that these approaches use different perimeters and are not directly comparable.
If, on the one hand the bottom-up method presented intended to evaluate the cost of natural disasters
taking future CC in account, on the other hand the top-down approach here exposed try to simply
evaluate the cost of CC. The aim is to simply get orders of magnitude, almost purely out of curiosity.
In addition, what is measured in top down approaches is not always very clear, no more than the
underlying assumptions. As Tol remarks, the authors ‘do not detail the myriad assumptions needed to
23
derive their estimates from the underlying impact literature’ . Integrated evaluation models (PAGE,
ICAM, DICE, FUND, MERGE, etc.) are still sometimes like ‘black boxes’, even if there appears to be a
trend towards greater transparency.
In the famous Nordhaus Dynamic Integrated model of Climate and the Economy (DICE) model
(Nordhaus 1991, 1994a, 1994b), one of the main equations links increasing global temperature to
loss of global wealth. In its initial version it was written in simple quadratic form:

% of global output = 0.013(∆T/3) = 0.00144∆T 2
2

Application of this formula to the case of Alexandria would indicate a loss between 0.21 per cent
24
and 0.52 per cent of GDP, i.e. between 320 MLE and 800 MLE in the case of Alexandria. More
recent work, under the AdaptCost study (2009) financed by UNEP, focuses on integrated evaluation
models for Africa. The economic costs of CC there are estimated at 1.5 to 3 per cent of GDP.

The bottom-up methodology proposed here may be considerably below these global models, being
highly compatible with the trend identified by De Perthuis on this subject (De Perthuis et Al, 2010).
These comparisons are interesting in that they give a clearer view of the difficulties masked by
rudimentary evaluations, which are sometimes the only ones available and are still useful. It is
therefore important to have a good understanding of their bases in order to make good use of them or
to be able to make credible forecasts.
At last, the analysis developed does not run counter to the existing macro-economic approaches. This
seems to touch on one of the subtleties of development: growth engenders a concentration of value,
or a tendency to increase vulnerability and therefore risk. However, when growth is accompanied by
awareness of this phenomenon, it tends to contain the risk, or even reduce it, by appropriately
apportioning a part of the wealth created to that end. By producing profits, growth and development
make it possible to get out of the rut of short-termism, critical for planning, and to thus, via adaptive
measures, offset the increase in vulnerability that naturally accompanies increased exposure to
hazards. However, there probably remains a margin for additional optimisation in relation to the

23

(Tol, 2001), Consultant's translation.

24

The Nordhaus work has been widely commented. Note, however, the great (and hardly credible) sensitivity to a few tenths of
a degree Celsius…
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currently planned urban development (BaU) scenario, making use notably of options for adaptation,
whether structural or not. The opportunity for such measures is considered in Phase II. The parallel to
this chapter is Part 2.g of ToR and will propose elements for economic appreciation of this complex
problem, where the aim is to find an optimum amongst numerous constraints.

3.

Evaluation of the Climate Related Health Costs

The Fourth Assessment Report of the IPCC concluded that climate change has begun to negatively
affect human health, and that projected climate change will increase the risks of climate-sensitive
health outcomes (Confalonieri (2007) in Ebi (2008)). The climate change-related health
consequences of malnutrition, diarrhoeal diseases, and malaria are projected to pose large risks to
future populations, particularly in low-income countries in tropical and sub-tropical regions (Ebi, 2008).

The issue of additional cost generated by the nature and extent of CC impacts on health is complex. It
is nonetheless desirable to have at least an idea of an order of magnitude in the area.

The World Health Organisation (WHO) has recently developed its comparative risk assessment
approach, used to estimate and compare the present-day and future burden of disease for 25 risk
factors including CC (see Ebi, 2008). The method is based on an estimation of years of life corrected
by an ill-health factor: the Disease Adjusted Life Year (DALY), the most commonly used synthesising
measure in the field of health. For each type of risk the method attributes a disease outcome
adjustment coefficient that is a function of a given climate scenario, and in relation to a baseline year
(current situation). This indicator is therefore an attempt to measure the relative risk that can be
attributed to CC.
Our approach consists in, initially, adapting the WHO's method to Alexandria perimeter. Economic
quantification is then undertaken. This approach determines the direct costs associated with the
health sector, assumed to be proportional to the increasing DALYs attributable to CC. A calculation of
indirect costs is also proposed, quantifying the non-production of wealth resulting from these DALYs.

Evaluating the BaU in the area of health is highly problematic: what will be the investments and
relative improvements in health in 20 years or more? Egypt is going through a demographic and
25
epidemiological transition that is affecting both the size and health status of the population
but it is still difficult to retranscribe hypotheses in a quantitative manner. We therefore consider a BaU
situation similar to the current one, in the absence of the ability to propose credible and substantiated
alternatives. This may mean under-estimating the relative potential progress in the sector and
therefore being overly conservative. However, beyond CC at the regional level, we do not apply an
aggravating factor due to the urban heat-island effect. This may be considerable (from around 1 to

25

Health Systems Profile- Egypt - Regional Health Systems Observatory- EMRO WHO
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3 °C, depending on circumstances and sources) but r emains complex to evaluate (the Hadley Center
has a prototype). The consequences are indicated below, in the calculation notes.
The focus here is the increase in total health spending by the city of Alexandria (public and private)
CC

caused by CC to the 2030 horizon ( S Alexandria 2030 ) represented as a percentage of all health spending
in 2030.

This gives:

CC
S Alexandria 2030 = β 2030
× S Alexandria 2030
CC

Total _ noCC

26

assuming that all health spending is proportional to the total number of DALYs for a given region .
The DALY is one of the different synthesising measures of the state of a population's health, taking
account not only of years of life lost due to premature death but also of equivalent years of healthy life
lost by virtue of individuals being in states of poor health or disability (Mc Michael et Al, WHO, 2003).
The factor

β CC then corresponds to the percentage increase in DALYs engendered by the CC-related

risks. Its estimation is based on the identification of four health issues related to CC: diarrhoea
diseases, malnutrition and cardiovascular diseases (CVD).

26

In terms of Section 2.3 of this chapter, this hypothesis would be classed among the ‘heroic assumptions’.
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It should be noted that taking account of these diseases is a conservative approach to
estimation of the full range of impacts that CC can have on health (Campbell-Lendrum and
Woodruff, 2007).
The proposed calculation takes account of the diseases included in the McMichael study
(2003a), with the exception of dengue fever and cases of injury or death resulting from natural
disasters, due to a lack of accurate information. These diseases have been quantified, from the
2002 DALYs, by the WHO's Global Burden of Disease initiative (GBD):

Diseases

DALYs ‘000 (2002) Egypt

diarrhoea diseases

464,1

Malaria

155,9

Malnutrition

322,4

Cardiovascular diseases

2 201,6

Source: Global Burden of Disease − 2004

In order to estimate the impact of CC to the 2030 horizon, GBD has carried out a study allowing
quantification of relative risk (RR) for different diseases sensitive to CC under different
scenarios. The one coming closest to our working hypothesis is the GBD's ‘unmitigated’. We
thus obtain a bracket of RRs per WHO region, valid for our study area. We have opted for
average values, with the exception of those for cardiovascular diseases (CVD), for which we
take the highest value (see table).
CVDs are the diseases with the highest DALY ‘base’ in Egypt. The IPCC report on human health
also concludes that the frequency and intensity of heat waves increases the number of deaths
and serious illnesses.
The distribution of the burden of diseases has changed from a predominance of infectious and
parasitic diseases to a different mortality pattern whereby cardiovascular diseases are currently
the leading cause of mortality (45% in 1991, compared to 12% in 1970 and 6.3% in 2001).

RR / Eastern Mediterranean area − ‘unmitigated‘ CC scenario
Diseases

min

max

applied

Diarrhoea diseases

0.98

1.16

1.070

Malaria

1.00

1.43

1.215

Malnutrition

1.00

1.12

1.060

Cardiovascular diseases27

1.00

1.007

1.004

27

The RR for cardiovascular diseases was estimated initially for the number of deaths. He we apply this RR to the DALY to
obtain a clearer result. The same estimations were made with number of deaths and show that the final results vary very little.
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Increase in incidence of these diseases in an environment with CC is determined from the following
equation (Ebi, 2008): DALYi

withCC

= DALYi noCC × RRiCC where:



DALYi withCC : is the number of DALYs for diseases i in an environment with CC;



DALYi noCC : is the number of DALYs for diseases i in an environment without CC;



RRiCC : is relative risk, i.e. the ratio of risk of disease i in the population exposed to CC to
that of the population not exposed;



i: is the index over all of the identified health issues sensitive to CC: diarrhoea diseases,
malaria, malnutrition and CVD.

The increase in these diseases relative to all diseases is given by:

α iCC =

∆DALYi CC DALYi withCC − DALYi noCC
=
noCC
noCC
DALYTOTAL
DALYTOTAL

β CC = ∑ α iCC

Finally:

i

To estimate β for 2030, the relative risks (RR) for CC in 2030 estimated by the WHO's Global Burden
of Disease (GBD) initiative are multiplied by the present number of cases (2002 data for Egypt in
2004 GBD), supposing the annual distribution of the diseases in the country to be identical in 2030 in
28

a scenario without CC , which is equivalent to:

CC
β CC = β 2030

TOTAL

To estimate S Alexandria 2030 , it is assumed that the distribution of health spending in the country is
29

proportional to the territorial distribution of the population . Projection of total health spending in
30
Alexandria in 2030 is obtained from projection of the country's GDP to 2030 , from which the part
corresponding to health spending is extracted.
While public expenditure on health in terms of budget share appears to be low in Egypt, overall
spending of GDP is also low, when compared to other comparable income countries. On the other
hand, while many departments and ministries within the Egyptian government make appreciable effort
to collect and compile data on various aspects of the health care system, much of these data are not

28

This hypothesis is that of K. L. Ebis (2008), the most important study in its category (A. Markandya, 2009). The aim of this
was to estimate the costs of specific actions for the treatment of malaria and malnutrition that would occur as a result of CC
between 2000 and 2030.

29

The hypothesis is conservative, given that wide differences are observed in clinical results between urban and rural areas
and between regions. The Expenditure Review: Alexandria, Egypt. Technical Report No. 35 from 1999 also evidences that the
per capita expenditures in Alexandria are more than twice the national average.
30

Forecasting GDP for a country to such a distant horizon is not an easy exercise. We have used the IMF forecasts to 2014 in
constant 2010 LE. A real rate of increase in per capita GDP of 3 per cent was applied for the 2015−2030 period. This rate is
slightly lower than the IMF estimate for the previous period and follows the trend used by the WHO and given in its 2005
Updated Projections of Global Mortality and Burden of Disease, 2002-2030 report. The result obtained appears to be consistent
with the OECD's African Economic Outlook report (2008).

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 263
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

widely disseminated or accessible. Even when information is available, it is often contradictory
because of problems in the standardization and reliability of data collection in the government and
public sectors, making estimation of health expenditures in these sectors particularly difficult. In
addition adequate data about the private sector do not exist. (Nandakumar, 1999)
Different, and sometimes controversial, estimates of the total health expenditures as % of GDP were
provided by different WHO sources for Egypt. We assume that the last of them, 6.1% in 2007, is the
most reliable and that this ratio will not change in the 2030 scenario, which is a conservative
approximate regarding the trend.
The results of calculations of direct costs are as follows:

Table 50: Calculation of health direct costs

α iCC

DALYi withCC (‘000) ∆DALYi CC (‘000)

DALYi noCC (‘000)

RRiCC

Diarrhoeal diseases

464,1

1.07

496,61

32,49

0,237%

Malaria

155,9

1.215

189,42

33,52

0,245%

Malnutrition

322,4

1.06

341,74

19,34

0,141%

2 201,6

1.004

2209,35

7,71

0,056%

CC
β CC = β 2030
=

0,680%

Diseases (i)

Cardiovascular diseases
All diseases

per capita GDP
(base)

13 692,2

Per capita GDP increase (%)

in 2010 (LE)

2010−2014

2015−2030

15115

IMF projections

3%

Egypt
GDP2030

(MLE)

2 542 230

Ratio= (Total health
spending)/GDP

per capita GDP
(projection)

Population
Egypt

in 2030 (LE)

in 2030
(Millions)

27 632

Total _ noCC

S Egypt 2030

6.1%

(MLE)

155 075

Total _ noCC

S Alexandria 2030

(MLE)

10 248

CC
β 2030

0,680%

92

Alexandria
pop2030
Egypt
pop2030

6,61%

Egypt
GDP2030
(MLE)

2 542 230

Total _ noCC

S Alexandria 2030

(MLE)

10 248

CC

S Alexandria 2030 (MLE)
69,7

Excess cost linked directly to CC in the BaU scenario projected to 2030 is estimated to be 69.7
MLE per year.

In its 2001 Macroeconomics and Health: Investing in Health for Economic Development report, the
WHO's Commission on Macroeconomics and Health noted the high economic costs of avoidable
disease and underscored the reduction in annual income for societies and individuals, and in future
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growth potential, especially in the poorest countries. Taking account of this in our approach means
characterising the indirect costs of CC on health in Alexandria.
The conversion of lost wellbeing induced by these diseases in economic terms is achieved by
31
evaluating the years of life lost due to illness, like the DALY , using, for example, the annual per
capita GDP (WHO, 2001).
The hypothesis is made that the total number of DALYs for Alexandria and Egypt will increase prorata
32
of the population in the 2002−2030 period , and that the ratios of the different illnesses will remain
33
unchanged in a scenario without CC . This allows us to apply RRs for 2030 to each DALYi forecast
for 2030, to obtain the increase in diseases sensitive to CC in 2030.
On the same way, we assume the regional differences on the GDP per capita will remain the same as
the most recent observation. In this case, the Human Development Report (2005) shows that
Alexandria’s GDP per capita is 8% lower than the national average.
The results below show the weight of diarrhoeal diseases with 20 680 additional years per year, and
34
of nutritional diseases with 14 870 years in the whole country. Malaria is negligible in the region.

Table 51: Calculation of health indirect costs
CC
∆DALY2030
i (‘000)

Alexandria
pop2030
Egypt
pop2030

124,71

6,61%

Alexandria
per capita GDP2030
CC
∆DALYAlexandria
(‘000)
2030i

(LE)

8,24

25 333

Indirect costs
(MLE)
208,8

There is therefore a total annual increase of 124 710 DALYs in 2030 due to CC and 8 240 at the
Alexandria scale. The indirect costs amount to 208.8 MLE per year.
The total annual average costs (AAC) are therefore around 278 MLE, equivalent to about 0.30%
of the city’s annual GDP.
The indirect costs are estimated at around three times the direct costs, which is a high ratio compared
to the other risks covered by the study. Part of the explanation lies certainly in the diffuse nature of the
threat to health. However, the difficulty in taking accurate account of progress in the field of health
probably under-estimates the capacity of the city to reduce this ratio by increasing direct costs to
reduce the indirect costs. The sensitivity between the two variables is very high, especially where
cases of infant morbidity are concerned.
More than for the other risks, evaluation of the health costs of CC remains a delicate exercise.

31

One DALY can be thought of as one lost year of healthy life and the burden of disease as a measure of the gap between
current health status and an ideal situation where everyone lives into old age free from disease and disability (El-Saharty,
2006).
32

We obtain this, and therefore DALYs, on the basis of study Alexandria Vision 2050.

33

By implication this is partial characterisation of BaU in the area of health.

34

The fact that the latter have a strong influence on infant mortality must explain this high figure.
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Chapter 4 - Institutional Evaluation

1.

Introduction
The analysis presented here, was developed following three main conceptual lines:
1. establishing the range of powers and competences the main Institutional Actors are provided
with, while identifying eventual overlaps and/or gaps among individual spheres of action;
2. estimating these Entities’ capacity to integrate both Major Natural Risk and Climate Change
related aspects, in their action;
3. attempting at forecasting the roles these Entities, individually, will be called to embody from
now to the target time horizon of 2030.
This section is founded upon the available institutional and technical literatures, the information
collected during few relevant meetings with selected Ministries and Agencies, and the indications
arising from lessons learnt in recent and noteworthy natural disasters encompassed by this analysis
(see Table 52 below).
The latter, spreads on the institutional settings basically triggered by the (moderate) ML=5.3
Magnitude 1992 earthquake of Dahshour, a weakly seismogenic area southwest of Cairo active also
in 1999, 2002, 2006. The 1992 event – whose impact on buildings and monuments was estimated at
the level of one Billion US$, roughly corresponding to today’s 10 Billion Egyptian Pounds, is to be
taken as the temporal benchmark for the raising of national awareness of Natural Risks in general,
and earthquake risk in particular.
Table 52: Most relevant natural events in Egypt after 1950

Disasters
Earthquake
Flood
Flood
Earthquake
Landslide
Severe Storm
Flood

Windstorm
Landslide
Flood

Location
Alexandria

Date
Total Affected
1955, Sept.12
unknown

Marsa-Alam,El-Qusair, Red Sea 1979, October

>500 houses

Marsa-Alam, Red Sea

1991

∼ 200

Dahshour

1992

∼ 90,000
300

Al Zabalyn, Cairo

1993

Lower Egypt, Alexandria
Luxor, Upper Egypt

1993
1994, Nov.2-6

widespread, Lower Egypt
Duwayqa-Moqattam, Cairo
Al Arish, Sinai

1997
2008, Sep.6
2010

unknown
∼ 160,000
unknown
300
∼ 7,000

Casualties
∼ 20
∼ 50
561
∼ 70
∼ 600
18
107
12

With the exception of that earthquake, the above Table witnesses of a relatively quiet period, in Egypt
in general and in the Alexandria area in particular, in terms of the impact of natural disasters. This
worths a special effort in improving the aspects of prevention and preparedness at Governorate and
national scale, as the Alexandria area was the site of the probably worst two natural disasters in
Egypt, and two of the largest-impact tsunamis in historical times in the Mediterranean, both driven by
distant earthquakes.
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In AD 365, a major earthquake in the Hellenic Arc, over 900 km NW of northern Egyptian coasts, was
responsible for a catastrophic tsunami in Alexandria. Historians Ammianus (AD 395), John Cassian
(AD 435) and Sozomenes (AD 450) witness that “... the sea passed beyond its boundaries and
flooded a great deal of land, so that on the retreat of the waters the sea-skiffs were found lodged on
the roofs of the houses”. In the region between Damietta and the current Port Said “... the sea rose
suddenly due to the earthquake, rushing over its limits, ruining all the villages, covering with salt the
land which before was fertile ...... only villages in high ground survived”.
Later writers add that in Alexandria alone 50’000 houses were flooded and 5’000 people were
drowned; ships were carried by the waves over the city walls and boats in the Nile were deposited on
dry land up to about 2 miles from the river. The anniversary of this flooding was called “Earthquake
Birthday” and commemorated by a yearly festival in Alexandria.
In AD 1303, on August 8, a large Magnitude earthquake in Crete, among the largest known seismic
events of Middle Age, triggered a severe tsunami flooding in the Crete-facing Alexandria. The tsunami
run-up on the Alexandria coast was evaluated in up to 9 meters. The city walls underwent major
damage and the famed Alexandria lighthouse went unrepairably damaged. Reports account for some
destroyed ships wrecked up to some 2 miles inland.
Although the above events are split by about one millennium, the associated class of events presents
an unchanged level of hazard to date. It was taken in due account in the present study, and should be
kept in due account when improving, designing and/or redesigning Institutional settings required for
dealing with large Magnitude, fast or slow impacting risks on the coastal city of Alexandria and the
Egyptian nation at once.
We shall note also, and stress that as much as 10% of the lives tribute summarized in Table 52 is
ascribed to urban landslides on informal settlements: a figure to be carefully retained for urgent
action. The Cairo’s Moqattam September 2008 landslide (rockfall and slope collapse leading to loss of
107 lives) burying the Duweiqa informal settlement, presented a disaster scenario with narrow streets
and a railway line impelling rescue after the event. Even though the overall smooth morphology of the
Country is not that favouring the slope instability hazard, the 2008 urban rockfall has a strikingly
similar precedent in the 1993 rockfall upon another informal settlement nearby, that of Al-Zabalyn,
where the number of certified casualties was set to 70.
Poverty, and the related poor maintenance of buildings and infrastructures, had major impact on
earthquake damage. Hardest hit places from the 1992 and the 1955 events (the last known as the
Alexandria earthquake, whose estimated Magnitude was similar or only slightly larger than that of
Dahshour’s), suffered from poorly-constructed housing and lacked the infrastructure to ease rescue
efforts. On account of the ratio between casualties and number of affected individuals in the above
table, and observing that major sources of natural disasters were generally of moderate strength, it is
possible to state that the overall vulnerability of buildings and infrastructures is exceeding both the
hazard and the risk exposure.
In conclusion of this introductory note, and in reference to Table 52, we observe that largest impacts
between 1950-2010 are associated to flash-floods, a category of events that requires pervasive
prevention works and a high level of preparedness as it is difficult to counter with pure response (both
because of the short delay before - distant - impact, and of the kinetic energy concentration in time
and space).
All the sources of information are listed at the end of this chapter. Below in Table 53, the (non
exhaustive) list of general questions asked to our kind collocutors during meetings is displayed.
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Table 53: Question list of the institutional cartography

Questionnaire
1.

Can we ask you to describe the mandate of your Ministry/Agency/Unit

2.

Which are in your opinion the differences between the mandate of your Ministry/Agency/Unit
and which organisation with respect to your neighbouring EuroMed Partner or European Union
Countries

3.

Is your Ministry/Agency/Unit involved in the management of disasters, and with which function
in the command chain

4.

Is your Ministry/Agency/Unit integrating Climate Change long term risks and Natural Disasters
when preparing/issuing laws, decrees etc., in which fields and in accordance with which laws,
rules or regulations

5.

Can you provide us with a relevant example of this/these

6.

Which are the means (human, instrumental and economic) your Ministry/Agency/Unit may
count upon yearly (average on the last 3/5 years)?

7.

How is the command chain framed in your case, and which is the coordination framework in
which your Ministry/Agency/Unit acts with the other relevant Institutional actors in charge of
natural disasters and Climate Change risks (if any)

8.

Who is providing early warning, and which is the transmission chain from early warning to
response

9.

How are you organized for receiving international support in response to a major disaster
impact

10.

Impact scenarios: how do you prepare them, and with which technical means

11.

Response organisation scenarios: can you provide us with an example of contingency plans?

12.

Are there national/regional/local contingency plans to which public and private operators
running vital infrastructures must stick to? Can you provide us with an example (even not
updated) of this

13.

Real scale exercises: target, extent and frequency. Can you provide us with some deliverable
documents on a recent exercise

14.

Case history: can you provide us an event that best illustrates the efficiency of, and/or the
improvements you judged necessary in your C-cubed (Communication, Command and Control)
structure?

15.

Can you provide us with documents illustrating and/or complementing what we discussed
today?

Having account for the available a-priori knowledge of the Egyptian institutional framework in the
fields of interest, the list was used as a reminder of topics to touch and develop, rather than a
dropdown list of questions to ask and reply in writings.
As announced in the description of the methodological approach to fit the terms of reference, indeed,
this drawing of the Institutional framework based on competences and fields of action, is founded not
only on the eventual answers to the above set of queries directly collected during meetings, but also
via the thorough analysis of information (printed and electronic and/or oral, in form of reports, books,
texts of laws and decrees, but also websites or focused press releases where appropriate and
available) gathered during or before the carrying out of the study.
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2.

Institutional Cartography
The overall moderate impact picture, summarized above in Table 52 – and including also minor
earthquakes in 1999, 2002 and 2006, and minor flash floods, triggered by outstanding rainfalls
clustering in space and time, known to have occurred in 1954, 1975, and 2010 (see also the case
study reported and discussed below) – explains why concerns and priorities of the Egyptian
Government are focusing on Environmental remediation and sustainability rather than towards
the adoption of higher profile prevention measures against Major Natural Risks.
The setting of those Environment related priorities led, on one hand, to the creation in 1997 of the
Ministry of the Environmental Affairs (with Presidential decree n.275) to take political decisions that
the previously created Environmental Affairs Agency (EEAA) would enact; on the other, to stipulate
in 2000 with United Nations (Development Programme) the eight so-called “Millennium
Development Goals” to be met, or to attempt at meeting by 2015.
Indeed, slow-impacting risks as those connected to the Climate Change, are of particular concern for
Egypt since sea level rise is likely to exert severe strain on land and water resources, and most of the
country’s population and productive activities lie in, or near Alexandria, the Nile’s delta and the coastal
zones in the north.
Presumably for this reason, from the Nineties on, the vertical geometry of State’s action in the area
of Natural Risk management was enhanced by establishing and empowering central coordination
entities to manage disaster response, or to promote and lead – where appropriate – general risk
management actions. This led to a structure whose top vertex is associated to the Cabinet, and
serves-interact with the action of the whole Government or at least of the key-Ministries in matter of
fast impacting risks.
Overall, we note that the near-vertical geometry of the Egyptian State’s structure development
presents the advantage of minimizing the number of independent collocutors, and to frame each task
in a predictable position in the command chain. Unlike in other States presenting similar overall
framework (common for instance to most of Arab States), in Egypt we have observed limited or no
horizontal overlap between the tasks and the duties of two or more neighboring entities: it is generally
known which entity is formally in charge of which line of duties.
The very synthesis of the above concepts leads to the overall limited list of entities to be dealt with
(see Table 54 below) in the present approach to Institutional Cartography. Retained entities - whose
rd
nd
summary duties are reported in the 3 column (right) - are shown the 2 column (centre), whereas
st
the parent entity (if any) is shown in the 1 column (left).
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Table 54: Institutional cartography
Reference (Primary)
Entity

Agency/ Authority/
Directorate General

Roles, Mandates, Duties

The Egyptian Cabinet

Information and Decision
Support Center (IDSC)

The IDSC :

 ensures co-ordination in emergency and crisis
management

 establishes policies and strategies in agreement
with relevant ministries, agencies and NGOs,
where appropriate

 acts to develop and strengthen the national

capacity in risk mitigation, disaster preparedness
and emergency response

 runs the NIMS-National Information Management
System

National Committee for Crisis
Management and Disaster
Risk Reduction (NCCMDRR)

Chaired by IDSC, the NCCMDRR :

 establishes national Risk mitigation plans
 establishes national Disaster response plans
 manages national emergencies from the situation
room

Ministry of Interior

Civil Protection Administration
(CPA)

 enacts national disaster response plans
 is in charge of the training of specialized
personnel

Governorates

 replicate at the regional level the national CPA
duties according to Decree no. 1/1966 of the
Minister of Interior

 according to Ministerial decree no. 382/1970, act

regionally by means of own Civil Protection Unit ,
chaired by the Governor

 addresses the national Environmental policy
 ensures action towards Environmental

Ministry of State for
Environmental Affairs

sustainability in achievement of stipulated UN
Millennium Goal n.7

 to report yearly to the President and the Cabinet
on the “State of the Environment”

 to chair the Environmental Protection Fund
Egyptian
Environmental
Affairs Agency (EEAA)

 assists the Ministry of Environmental Affairs in

preparing draft texts of laws and decrees, and the
yearly « State of the Environment » report to be
submitted to the President and the Cabinet of
Ministers.

 manages EIA (Environmental Impact
Assessment)

 is in charge of preparing Environmental

contingency Plans and of supervising their
implementation.

 manages Specially Protected Areas
 is in charge of public education in Environmental
matter.

 controls the handling and the transport of

dangerous substances, pollutants and wastes
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Reference (Primary)
Entity

Agency/ Authority/
Directorate General

Roles, Mandates, Duties

Ministry of Housing and
Urban Development

General Organization for
Physical Planning (GOPP)






coordinates the planning processes in Egypt
monitors the implementation of plans
monitors urban extensions
carries out and/or supervises urban studies on
transport, infrastructures and wastes

Egyptian Meteorological Authority (EMA)

 Support to Civil Aviation
 Weather report and forecast
 Monitoring of Ozone and atmosphere pollutants

National Authority for Remote Sensing and Space
Sciences (NAARS)

 Spaceborne and airborne remote sensing

applications to Agriculture, hydrology, Land and
Land use, Risk impact scenarios,

 Aerial photogrammetric surveys and Digital
Elevation Models

National Research Institute of Astronomy and
Geophysics (NRIAG) – Egyptian National Seismic
Network (ENSN)

 Detecting, locating and evaluating natural

seismicity in the national territory and nearby

 Carrying out accelerometric analysis of
infrastructures and manufacts

Egyptian Red Crescent

Acts at the national, and international level on:

 training of volunteers
 medical response in emergencies
 preparedness on pandemics
Below, the identified Institutional actors in the management of both fast-impacting Major Natural
Risks, and of slow-impacting risks driving from or connected to Climate Change, and presenting
strong relevance in potential territorial impact, are grouped in three main sectors:
Coordination and Crisis Management – including the main Entities involved in policy making and
operational management of emergencies, as well as Committees, Authorities, structures and
personnel that constitute the core of the current protection system.
Strategic Sectors – including both the Environmental issues and those related to Urban
Development, whose failure or success are the (critical) key for the development of the Nation.
These sectors were stipulated in the so-called «Millennium Goals», are in the front line as far as
Climate Changes are envisioned, and received major boost in the last decade from the overall
revision of National priorities;
Scientific and Technical Entities – include two independent Authorities and one research Institute,
all carrying out scientific work alongside the (eventual) Institutional duties in natural disaster and
climate change management.
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3.

Coordination and Crisis Management

3.1.

Information and Decision Support Center (IDSC)
Without any doubt, IDSC plays the apical role in the coordination of management disaster related
crises as, more recently, risks.
In 2000, with Decree No. 746, the Prime Minister established an entity for Crisis and Emergency
Management Affairs (CEMA) that was envisioned to be the central unit to provide a disaster
response command structure «to receive, gather, compile, collate and analyze information, make
decisions and mobilize resources to execute appropriate response to any form of wide scale
disaster».
The Decree defined CEMA’s broad objectives to include (i) the development of a national disaster and
emergency capacities under the Office of the Prime Minister, (ii) the enhancement of a national
and institutional cohesion and co-ordination in emergency management, and (iii) the
establishment of policies and strategies in agreement with relevant Ministries, Agencies and
NGOs and Civil Society organizations, to minimize the impact of disasters.
In April 2006, the National Committee for Crisis Management and Disaster Risk Reduction
(NCCMDRR) was established - with the IDSC acting Chair - for assisting in the achievements of
targets outlined in the Hyogo Framework for Action (HFA 2005). In the Committee all Ministries,
Governorates and Authorities are represented.
The NCCMDR was later provided with a Scientific Advisory Board (SAB) to assist in the solving of
complex risk situations, advising on innovation and Science, and to ”apply methodologies, studies
and models to assess vulnerabilities and impacts of hazards including the improvement of the
national monitoring capacities and assessments”. Framework agreements were also made with the
Academy for Science and Technlogy and technical and scientific Authorities – as for instance the
Egyptian Atomic Energy Authority (EAEA) - on the application of technologies and know-how in
support to the understanding, modelling and major risks scenario forecasting.
The NCCMDRR establishes national Risk mitigation and Disaster response plans and is meant to hold
the situation control during crises. It is in charge of evaluating the effectiveness of response, as well as of
developing and enforcing a national strategy for risk preparedness and disaster response training.
In May 2009, the Decree of the Prime Minister No. 1537 further enhanced the verticality of the
national disaster and risk management structure, providing ISDC with the role of reviewer of
emergency plans (that line ministries were committed to prepare and submit) and coordinator of key
Ministries during crisis times. The NCCMDRR and IDSC were committed to “review and integrate risk
reduction associated with existing climate variability and future climate change into strategies
aimed at the reduction of disaster risk and adaptation to climate change”.
According to the composition of NCCMDRR announced above, ISDC might theoretically chair a crisis
board gathering over 80 representatives of Ministries, Governorates, Authorities, NGOs and Public
Sector. However, the realistic composition of the board operating in the central situation room does
depend on type, areal extent and severity of the emergency, whose responsibility would stay with
the most directly concerned Ministry. This being said, the mandates of NCCMDRR relevant for the
present analysis are:
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Study different crises and their different aspects to clearly define the concerned and involved
organizations and agree on the necessary alternatives and measures.
Develop/update mechanisms of monitoring and Early Warning for CDMRR when possible and apply
the best available technologies. Revise the plans of all Ministries and Governorates involving
CDMRR.
Assist Ministries, Governorates and other entities in preparing training on the simulation scenarios of
CDMRR
Provide assistance in developing response and preparedness plans and build on the experiences of
other developed countries in this area.
Ensure more effective integration of disaster risk considerations into sustainable development policies,
planning and programming at all levels, with a special emphasis on disaster prevention, mitigation,
and preparedness and vulnerability reduction.
Ensure that the management of risks associated with geological hazards, such as Earthquakes and
Landslides, are fully taken into account in disaster risk reduction programmes.
The duties of the (NC) CMDRR / IDSC system are divided in three parts called, respectively: defined
pre-, during- and post-incident. Wording and actions are inherited from standard Civil Defense
schemes and, in application to the case we are about, “incident” stays for “disaster” – with the obvious
implications in terms of scaling-up of effects, in amplitude and, mainly, in complexity. In particular:
- Pre-disaster (planning and preparedness):
Develop mechanisms of monitoring and early warning when possible.
Revise response and preparedness plans of all ministries and governorates involved in the
Committee (building on foreign experience where appropriate)
Assist ministries, governorates and other entities in preparing training on the simulation
scenarios of CDMRR
Review and evaluate the training plans of different ministries and governorates in CDMRR.
Collect data and monitor the implementation of the preventive and precautionary procedures by
the concerned entities of the state and prepare relevant reports.
- Sin-disaster (response and containment):
Coordinate the operation room in charge of managing the crisis.
Receive regular reports from operational entities in charge of crisis/ disaster management.
Monitor the ‘incident’ in order to evaluate the situation during its occurrence
process the information about the affected/ harmed areas.
Help in mobilizing and maneuvering equipment and facilities between different
ministries/governorates, when needed, toward effective response.
- Post-disaster (recovery):
Evaluate the actions taken by different entities in handling the crisis during response.
Document the ‘incident’ and derive lessons learned in order to avoid drawbacks (if any).
Revise and update the plans according to the current situations after the ‘incident’.
Submit the final conclusion and recommendations to the respective entities

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 273
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

It is useful here to include the potential role of the Centre for Future Studies (CFS) - one of the
departments in the IDSC - to this committee as a provider of forecasting studies on potential longterm disasters that might occur due to climate change (such as a recent study on the "Future Impacts
of Climate Changes on the Agricultural Sector in Egypt: The Cost of Adaptation), as well as wild-card
scenarios for the occurrence of unexpected natural disasters and the required institutional efforts that
need to be carried out today to facilitate adaptation with such disasters in the future. The Centre for
Future Studies is also currently undergoing a joint-study with the UNDP titled "The Socio-Economic
Impacts of Climate Change on Egypt" which involves a comprehensive assessment of the effects of
the long-term effects of climate change and involves all the stakeholder institutions in this field in
Egypt.
Comment:
The list of pre-disaster duties reported above (IDSC, 2009) puts strong accent on standard
coordination operation - as on the functions of Command and Control - and minor accent on
Communications. On the contrary, little is left to the Information component, whose role is limited to
the action “to develop mechanisms of monitoring and early warning when possible”. It is observed that
lack of, or deficiency in quantitative and reliable Early Warning may heavily affect the whole response
chain, propagating decision delays from (NC)CMDRR / IDSC (the Operation Room) to the national
Civil Protection, down to the Governorate level. Even though this might be of importance in dealing
with "Fast- impacting Major Natural Risks", it is also important to stress the need of this system in
"slow-impacting risks" associated to climate change that are likely to occur by 2030. The role of the
Egyptian Meteorological Authority (EMA) and the National Authority for Remote Sensing and Space
Sciences (NAARS) is essential in this area.
We shall note further that – aimed to improve effectiveness and timeliness of command and control
functions – IDSC had been committed to improve inter-Agency co-ordination through strengthening
the so-called “situational awareness”. The latter is essential, but cannot replace in any case
instrument based Early Warning Systems.

3.1.1.

National Information Management System (NIMS)

Currently in development at the CMDRS/IDSC, was started by establishing a Crisis Management
Information System (CMIS) expected to integrate:
3
- Manual of C procedures (Communication, Command and Control) at the national level.
- Model plans (contingency and preparedness) for:
• Management of major fires, and the related risk reduction.
• Management of flash floods disasters, and the related risk reduction.
• Management of earthquakes disasters, and the related risk reduction.
• Pandemic influenza.
The Government established an information database for each Governorate, including socioeconomic and administrative information, resources and physical infrastructure, vulnerable locations.
We were assured that databases are updated regularly, as they are now considered for development
with focus on Man-made hazards only.
Following the occurrence of disaster impacts on Informal Settlements (e.g., Al-Zabaly, 1993;
Duweiqa, 2008) in 2008 a Fund for the “Development of Slums and Squatter Settlements” was
established to survey and develop slums, and resettle/urbanize the related area.
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Comment:
NIMS /CMIS is also expected to host “simulation scenarios” in the field of CDMRR. In consideration of
the very under-determined nature of problems related to natural risk processes (in general, too many
unknowns with respect to observations) it is suggested that simulations be modelling of phenomena
whose source, or transfer function, or both, is currently fully under control. For example: hydraulic
propagations in basins whose 3-D model topography is known with metric resolution, and rainfall
studies have already provided satisfactory statistical constraint.

3.1.2.

International Commitments and Institutional Co-operation

IDSC has strong liaison and commitments in several United Nations programmes. In particular, UNDP
provides technical support to the DRR - Disaster Risk Reduction Programme, with special focus on
technical capacity building and related aspects (www.undp.org).
The UN Development Programme: the UN-ISDR supports Egypt acting in the so-called National
Platform and the associated technical issues, with the overall goal to mainstream Crisis
Prevention and Disaster Risk reduction within the development planning.
IDSC runs from 2009 the programme “Capacity Building for Crisis, Disaster and Risk Management”
with the support of. The programme puts special focus onto widespread, elementary, communitybased awareness, and preparedness in disaster and risk management. Programs that are
identified launched and showing to keep on tracks regularly can be later considered for nationwide
implementation. The underlying concept is that – at least in the short term – self-protection may
allow overcoming deficiencies in organisation and means and contribute in autonomously reducing
human and property losses, as well as social and economic disruption caused by different types of
disaster.
Let us note the potential role of the "Crisis Response Center and Warning System" which is supported
by the European Commission (EC) and UNDP, and will be established at the Secretariat of the
League of Arab States in Cairo. According to the country Level Programs in this framework: "The
UNDP is working with the Disaster Management department of the IDSC to develop national
policies and technical capacities for disaster risk management. A national disaster loss database
has been already prepared and available with IDSC. Also national disaster management strategy
has been developed. Next part of the work will focus upon capacity development of the Civil
Defense department at national and governorate levels. UNDP Egypt is also working to strengthen
35
the Cairo Regional Centre for Conflict Resolution and Peace-keeping in Africa (CCCPA)" .

35

http://arabstates.undp.org/subpage.php?spid=32
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3.2.

Ministry of Interior - Civil Protection Administration (CPA)
Historically, the institutional framework of Civil Protection in Egypt had its onset in a primary structure
established in 1953 as the “Civil Defense Administration” (CDA), placed under the high responsibility
of the Ministry of Interior. In consideration of the area context – the unresting Middle East – Civil
Defense was provided with military command structure: it was oriented at insuring the people’s
security under both the civil and the military standpoints.
Independent of renaming of the central entity, however, still now a significant fraction of the Civil
Protection personnel are graduates of the Police Faculty, and the majority of the ca. 20’000
nationwide executives are National Service conscripts.
In spite of undergoing formal changes first into “Civil Defence Authority”, then into the current “Civil
Protection Administration”, from 1959 Civil Defence/Protection is responsible for implementing laws
and decrees related to disaster management and – increasingly – risk mitigation through the fielding
of prevention measures decided by the National Committee for Crisis Management and Disaster Risk
Reduction (NCCMDRR).
The same law no. 148/1959 gave the Civil Defense the major task of protecting human and material
beings, providing it with the full responsibility for Crisis Management and Disaster Risk Reduction:
whereas Ministerial Decree no. 2092/1983 reorganized the system introducing the Civil Defense
Authority, and the subsequent Decree of the Minister of Interior no. 349/1986 regulated the
related voluntary work. Still in 1983, the strict relationship between Civil Defence and Armed
Forces was stipulated once more with a joint Decree of Minister of Interior and Minister of Defense
(no. 63/1983) regulating the cooperation among them.
As for Man-made risks, the law no. 30 of 1977 regulated the technical procedures for Civil Protection
action within industrial establishments, providing for minimization of threats and assessment of
mandatory means for protecting workers and investments. The legal framework is completed, for the
time being, by Ministerial decrees no. 1182/1981, no. 1394/1981 and no. 1395/1981 establishing the
Civil Protection Units in industrial zones, factories, utilities, plants and establishments and the same in
certain security departments within industry.
In general, we shall note that none of the commitments of the Civil Protection Authority is substantially
impacted by the long-term and very-long term changes of the Territory, as the Climatic ones.
Conversely, the already cited situational awareness and the capacity of reacting efficiently in the short
(if not in the very short) term, can be seen as a good measure of the State’s capacity to integrate long
term, unwanted changes in the territorial structure.
Comment:
The overall protection against major Risks appears to be twofold, locating the decision centre at IDSC
/ (NC)CMDRR and putting the operational arm at the Civil Protection Administration. Since its
establishment but still in 2009, the corpus of laws and decrees concerning the Civil Protection does
not attach to it any long term, prevention activity – excepting those centred on the control of industrial
factories. This indicates that the choice done by the legislator is to focus on response, thus on
material preparedness – that in turn calls for timeliness: however, if appropriate instruments for early
warning do not exist, or are external to the Administration, the pivotal issue of timeliness would fail.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 276
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

3.2.1.

Training

The Civil Protection Administration has training centers serving Governorates (specialized personnel
only), while training for Crisis Management is done at the homonymous Center of Military Forces and
at workshops organized quarterly by IDSC on issues relating to Crisis and Disaster management in
several areas (targeted on different professional levels) as flash-floods, fires, pandemics, hydrology,
among others
The Egyptian Environmental Affairs Agency (EEAA) organizes training on the management of
environmental crisis management.
The Arab Academy for Science, Technology and Maritime Transport carries out training on specific
Crisis Management, on a regular basis.
The “Crisis Research Unit” at the Ain-Shams University organizes conferences and training programmes
on Crisis Management.
The Egyptian Red Crescent participates to improve the capacity of Local Communities with specific
training and/or general awareness raising campaigns on active and/or potential pandemics.

3.2.2.

International Commitments and Institutional Co-operation

Through the current Civil Protection Administration, Egypt is active and present in main international
fora dealing with Preparedness, Response and Disaster Management, including all those set by
United Nations, as well as in the Arab Office for Civil Protection and Rescue.
Egypt participates in the Arab Office for Civil Protection and Rescue, an inter-Arab cooperative effort
for emergency and disaster response mainly oriented to the management of major natural risks.
Egypt signed an agreement with the International Organization for Civil Protection. Accordingly, a
regional training centre was established in Cairo (for use by Civil Defenses/Protections of the
MENA Region) to exchange information, deliver training courses, organize conferences, raise
awareness. Among the responsibilities of this center is to support communication between
different countries and organizations; exchange information and expertise; deliver training
courses; organize conferences and workshops related to the field of civil protection and disaster
reduction issues; as well as to raise awareness of local communities with regard to contingency
planning to reduce human losses. This center is one of the five similar centers worldwide.
in the European Commission’s « Union for the Mediterranean » initiative - that includes the follow-up
to the former “Euro-Med Civil Protection” chapter led by Italy and Egypt only – the Egyptian Civil
protection Authority shares with Algeria, France and Italy the lead of the Prevention, Preparedness
and Response to Natural and Man-made Disasters Programme (PPRD South). This programme is
due to completion by 2012 and includes the UN International Strategy for Disaster Reduction
(ISDR) and the Civil Protection/Civil Defense Authorities of Jordan, Lebanon, Morocco, Syria,
Palestinian Authority, Tunisia, Turkey, Israel, Albania, Bosnia-Herzegovina, Croatia and
Montenegro.
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Comment:
One of the duties of IDSC stated previously is to « provide assistance in developing response and
preparedness plans, building on the experiences of other developed Countries in this area». As seen
above, the Civil Protection Administration – acting executive arm of IDSC at the national level, and
representing Egypt in the international fora mentioned above – has straightforward access to all sort
of high-profile expertise, advice and support at the international scale, having co-chaired two or more
high-profile international programmes, for about 15 years overall (finishing in 2012). This is an asset
that would be worth spending actively, before expiry of the time allotted, aimed to let the national
response system definitely evolving towards improved efficiency and timeliness.

3.3.

The Alexandria Governorate
As far as the role of Governorates is concerned, the Decree of the Minister of Interior no. 1/1966 had
provided them with (regional) Civil Protection units. Four years later, the Ministerial decree no.
382/1970 gave details about the Units’ composition, confirming that they are chaired by the
Governors in person.
In the overall system – that mostly replicates the National structure at the Regional and the local
levels – the Governor should lead the Governorate to prepare for, and respond to emergencies and
disasters.
However, the Ministry of Interior maintains a Center for Emergency Operations co-ordinating 27
subsidiary centres distributed among the Governorates aimed to manage, or give SAR36 and logistic
support in mild or spatially contained emergencies occurring at Regional and Municipality scale,.
The Ministry establishes also technical standards for emergency equipment but – in principle operational management should be carried out at the Governorate level or, in a few instances,
municipalities (for instance the Ministerial Decree no. 142/1986 and the following amendment no.
902/1986 rule the control of village fires)
Comment:
Most relevant Governorates and local authorities may still play a key role in the initial response to
crises: however, the capacity of individual Governorates – such as the Alexandria one – has yet to be
reviewed, especially in the management and/or the alert relating to transboundary (administratively,
internal to the national territory) risks. In the framework of the present study, the refinement of the
analysis at this level of detail could not be achieved.
th

However, during the workshop held on June 16 , 2010 in Alexandria, participants pointed to a few
major weaknesses in the command chain and in the system overall. In particular, insufficient
involvement of the Environmental Management Unit, lack of financial resources, lack in inter-Authority
coordination (no regular meetings held), and severe deficiency in law enforcement were considered to
be the most urgent faults to repair.

36

Search And Rescue
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4.

Strategic Sectors
According to the Egyptian Constitution’ art. 59 made the Environment a strategic issue, stipulating
that “Environment protection is a national duty and the Law regulates measures necessary to
maintain sound environment".
Together with the Environment, another strategic issue is that of housing, as the growth of informal
settlements in Egypt has taken place for many reasons, including the unavailability of affordable
housing although the Egyptian government has been building popular housing for limited income
citizens since 1952 (and the estimated need by 2017 is just below 6 million housings).
Independent of the intrinsic problems of poverty and housing shortage, we shall note that physical
planning and environment are intimately connected in being the top ranked issues for Egypt, to deal
with in the current century. For this reason, we stack them together in this subsection.

4.1.

Ministry of State for Environmental Affairs
Several years after the "Environment Act” of 1994, in June 1997 the presidential decree no. 275
stacked all political, Environment related responsibilities into the Ministry of State for Environmental
Affairs. The latter was assigned the task of defining environmental policies, setting priorities and
launching initiatives of sustainable development.
The Ministry is politically in charge of the achievement of the “Millennium Development Goal” no. 7, in
particular, that stipulates «Ensuring environmental sustainability in Egypt»: a challenge still open
despite increased investments in environment remediation and protection measures, and the related
government policies. The Minister reports yearly to the President and the Cabinet on the “State of the
Environment”.
The operational arm of the Ministry is the pre-existing Egyptian Environmental Affairs Agency (EEAA,
see below), charged with significant responsibilities of territorial control through the Regional
Branches established with Ministerial decrees no. 187 (1995), no. 56 (2000) and no.17 (2001).
In particular, the Ministry affiliates the Environmental Protection Fund (EPF) – also set up at EEAA
following the 1994 Environment Act – to receive yearly contributions by the General Budget of the
State, donations and grants presented by national and foreign organizations concerned with
environmental protection, fines and compensation awarded by courts of law or via out-of-court
settlements for damage caused to the environment, as well as revenues from the protectorates fund.
According to the corpus of laws and ministerial decrees issued hitherto, the general frame of the
environmental management system in Egypt is referred to as the “Egyptian Environmental
Management Pyramid “, with the Ministry of State for Environmental Affairs (at its top), overlying
EEAA (national scale), then EEAA’s Branch Offices (Governorate scale), the Environmental
Management Units (EMU, at local scale), and down to the wide pyramid’s bottom to the responsibles
of the Environment in cities, Markaz and villages.
It can be concluded that most of the action and organization capacity is concentrated in the Egyptian
Environmental Affairs Agency established in 1982, well before the Ministry, although with originally
overall limited powers.
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Let us note that in the field of integrated coastal zone management, the following regulation applies:
The amendment of the environmental law no. 4/1994 by the law no. 9/2009, adding the Article 1/39,
which re-defines the coastal zone in Egypt, the article 1/40 that defines the integrated coastal
zone management, and the article no Article 5, which calls on the Preparation of an ICZM
Strategy.
The reform of the national committee of integrated coastal zone management, which was established
in 1996 and reformed in 2007, and represented by all the responsible parties for protection and
management of the coastal zone. One of the main duties of the committee is following the studies
and procedures concerning the effect of the climate change on sea level rise.

4.2.

Egyptian Environmental Affairs Agency (EEAA)
4.2.1. General Presentation
EEAA was given by Law no. 4 (1994) the status of sole National Authority in charge of translating all
Environment related, political decisions - taken at Ministerial level - into acts.
Provided with formal operational independence, EEAA is ruled by an Administration Council chaired
by the Minister, Vice-Chaired by the Agency’s Chief Executive Officer, and including representatives
of national Universities, Research centers, NGOs and Public Industry. The Agency is in charge of
undertaking and fulfilling, among others, the following main tasks:
Assisting the Ministry of Environmental Affairs in preparing draft texts of laws and decrees, and the
yearly « State of the Environment » report to be submitted to the President and the Cabinet of
Ministers.
Setting criteria and procedures for the EIA (Environmental Impact Assessment) of projects.
Preparing Environmental Contingency Plans and supervising their implementation.
Managing and supervising the natural reserves of Specially Protected Areas, and participating in the
integrated national plan for the Mediterranean and Red Sea coastal zones management.
Establishing Public Environmental Education Programs and assisting in their implementation.
Coordinating with other empowered authorities for the control and safe handling of dangerous
substances, including the evaluation and the enforcement of mechanisms to encourage the
observation of pollution prevention procedures, and discourage their violation, as to prevent illegal
entry of dangerous, polluting substances and wastes.
4.2.2. Environmental Information System
Within EEAA, the development of an information system for the management of wastes and an
electronic kiosk (portal) for public complaints database was launched, to include:
the database for hazardous substances (Egypt is considered to have achieved a national perspective
of chemicals before the year 2000: however, this was not done on geographical, nor on digital
basis);
the geographical assessment and dynamic tracking of risk resulting from hazardous substances,
including the related contingency planning and the dynamic update of hazardous substances
databases;
Dedicated GIS for special solid wastes (agricultural, industrial, medical and urban) including waste
demolishing and sewage purification.
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In order to improve operational effectiveness, the geographical information system in use by EEAA
and the Ministry of State for Environmental Affairs, is currently calling for update and upgrade to fully
enter operations and act at the scale of the environmental threats in the Country.
In general, the geographic information system would greatly benefit of the establishment of a synoptic,
cartography and remote sensing (airborne and spaceborne, active and passive) capacity for the range
of environmental applications included in EEAA’s duties – as the monitoring of protected areas and
coastal zones with strategic refresh rates, the emergency assessment of major oil spills, the strategic
mapping and follow-up of urban areas, and the establishment of green belts scaled on the identified
sources of (air and water) pollution. Such capacity is currently recognized to exist at the national
Authority in charge of remote-sensing (NARSS).
4.2.3. International Agreements
In coordination with the Ministry in charge of international Cooperation, EEAA represents Egypt in all
technical international issues related to its fields of competence, including the participation in the
implementation of national and international Environmental monitoring programmes and the follow-up
of International Agreements focused on Environmental protection, research and development. In
particular:
In the Mediterranean: under the UNEP framework, established by the 1976 Barcelona Convention for
the Protection of the Marine Environment and the Coastal Region of the Mediterranean, including
the running of the UNEP/MAP Regional Marine Pollution Emergency response Centre (REMPEC) of
Malta;
In the eastern area of Red Sea and the Gulf of Aden: cooperation with the concerned neighboring Arab
States (Saudi Arabia and Yemen) through the 1982 protocol on the emergency fight of Pollution by
Oil and other Harmful Substances.

4.3.

Ministry of Housing, Utilities and Urban Development - General Organization for Physical
Planning (GOPP)
The General Organization for Physical Planning (GOPP) was established in 1973 as the national
Egyptian entity responsible for the whole planning process in the Country. The main duties of GOPP
currently are:
preparing planning guidelines, urban development programs and coordination of the planning processes
allover Egypt,
organizing the planning process on all levels (regional, urban, and detailed),
monitoring the implementation of plans through cooperation with the local authorities,
monitoring urban extensions to stop urban sprawl over agricultural and environmental sensitive areas,
conducting and supervising urban studies (e.g. concerning transportation system, infrastructure, waste
handling and treatment plants and environmental studies).
GOPP is responsible for building capacity for planning professionals in all planning levels and areas.
Since GOPP is the major planning institution in Egypt, the project is very important as it will help
disseminating the use of new technologies in planning.
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On a non-emergency standpoint, GOPP is committed to tackle the problem of housing for several
hundred thousand people (mostly young) of “limited income”. The solution was searched and found in
the long term, through the allocation to each beneficiary of a plot of land in new cities, small money
grant and helps in obtaining mortgages or in paying the installments for finished unit. This project,
launched in October 2005 and due to end in 2012, would have led the Ministry of Housing, Utilities
and Urban Development to provide housing for 500,000 in a few years – but this is neither impacting
nor being impacted by the short-term or the long-term risks.
Conversely, one of the element GOPP – among other national authorities – has and will have to deal
with, is that of natural (hydrogeological, earthquake) and environmental risks associated to Informal
Settlements. This problem cannot be solved obviously by the GOPP alone, but only in combination
with other authorities: for instance the Ministry of Social Solidarity, who took in charge the problem
associated to the 2010 disastrous flash-floods in Sinai, or the Red Crescent, that was committed to
deal with some slum-associated emergencies as the Moqattam-Duweiqa disaster in the Greater
Cairo.
In both cases, however, the strategic role of the Ministry of Housing, Utilities and Urban Development
in the land destination and land use is clear. The high request – stated earlier with respect to IDSC –
for a global Ministerial reflection on accounting for Climate Change impacts before or when drawing
policies, will be certainly lead to relocate responsibilities in the mid-term, as soon the material effects
of CCs, and their trend, will be quantitatively fixed for the area in the scope of this analysis.

4.4.

Alexandria Regional Representations
The above described strategic sectors are represented by regional delegations, as in particular:
Ministry Of Housing, Utilities & Urban Development, GOPP: Physical Planning Center for Alexandria
Region;
Ministry of State for Environmental Affairs Agency, EEAA: Alexandria Regional Branch Office.
These regional delegations appear to be provided with limited power of decision, as the present
system is strongly centralized. For example, the Physical Planning Center for Alexandria Region is
entrusted with the preparation of urban master plans, but their validation and issuing still stay with the
central GOPP. In this respect all local authorities met in the framework of the present study called for
adopting a more decentralized approach in decision making, and for widening the mandate of the
Governorate and local institutions in disaster management.
Besides of the Ministerial Entities quoted above, there are three technical agencies involved in natural
risk management at local scale: the Coastal Protection Authority, the Alexandria Sanitary Drainage
Company, and the Lake Maryut Management Authority. These agencies’ mission is to prepare and
enforce laws, plans and projects on erosion , flooding, and marine submersion control.
The responsible parties for coastal zone management are as follow: EEAA (The central department of
the coastal zone management) - Shore line protection authority (SPA) - Coastal research institute
(CoRI) - Tourist development authority (TDA) - Coast guard department in ministry of defense General organization for physical planning - Marine transportation department - Fish authority coastal governorate.
It is observed, however, that central reporting of these agencies to different Ministries, worsens the
efficiency of Institutional coordination and fragments responsibilities
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5.

Scientific and Technical Entities

5.1.

Egyptian Meteorological Authority (EMA)
The Egyptian Meteorological Authority was established sixty years ago, being among the first entities
to rally the UN World Meteorological Organization in 1950. In 1955 it started providing additional
services, different from simple meteorological forecast for marine and (at that time, mainly military)
aviation support.
EMA’s duties span today from the ‘tactical’ meteorological forecast, to the ‘strategic’ climatological
forecast. The first is needed for the supply of operational support to Civil Aviation, for decision by the
National Committee for Crisis Management and Disaster Risk Reduction (NCCMDRR) at the Situation
Room at IDSC, and the support to field emergency and prevention operations carried out – or planned
– by the Civil Protection Authority.
5.1.1. Weather Reporting and Forecast
EMA provides its services to Civil Aviation through Met-Offices located in the airports and connected
to the international information net for supplying the aviation meteorological information. Met-Offices
issue standard hourly and half-hourly reports and weather forecasts to Egyptian airports, and to
airlines landing/taking-off or overflying Egypt, as well as warnings and SIGMETs in emergency cases.
EMA issues marine sector forecasts with hourly updates.
Timely and effective weather forecasts are essential for rainfall and hydrological warnings, and are
equally crucial for Civil Protection emergency operations that can be severely spoiled by adverse
meteo conditions. In the Country, also desert dust is an important factor affecting aviation in general,
and service flights in particular (with special emphasis on take-off and visibility issues). The CA sector
of EMA can be also closely involved in volcanic ash emergencies (coordinated in Europe and Africa
by Météo France-VAAC of Toulouse) engendered by the nearby Mt. Etna, even though volcano
forecasts for its standard eruptions do not foresee direct threats to the Egyptian airspace. However,
the spring 2010 Eyjafjallajökull event in Iceland – with its ca. 2000 km long ash plume arising from an
eruption of negligible magnitude – has shown that the eventuality of unforeseen, air traffic threatening
future scenarios in the south Mediterranean and the northern coasts of Africa cannot be excluded
anymore.
5.1.2. Agriculture and Hydrology
EMA has established eight, multi-parametric meteorological stations suitable for agricultural purpose,
one station on land in Aswan, a meteorological buoy near the Aswan High Dam, a hydroclimatological station in Abu Simbel, used for estimating water losses in the High Dam Lake. Rainfall
changes in the region of Alexandria and Total Ozone above Cairo, Aswan, Matrouh and Hurghada
are also regularly monitored at high refresh rates since 1967, 1994, 1998 and 1999 respectively.
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Apart from the EMA’s responsibilities, it is worth mentioning the work of the "Climate Change
Information Center" which has recently been established in 2009 under the auspices of the
Agricultural Research Center (ARC) in the Ministry of Agriculture and Land Reclamation, due to the
direct impact of climate change on agriculture. The center aims at collecting and exchanging data
necessary for studying the relation between climate change and agriculture, and the establishment of
a database for climate change and agriculture research. The Climate Change Information Center
relies on a varied number of institutions to form its database (such as the Ministry of irrigation and
Water Resources, Ministry of Environment, Ministry of International Cooperation, Central Organization
for Planning and Administration, National Committees for Sustainable Development, Military Forces,
Coast Protection Organization etc.) and hence its information database is likely to be a rich source of
information that can be proposed for use in the Early Warning System phase.

5.1.3. Environmental Pollution
EMA has established three stations to measure the atmospheric pollution background at Sidi Barani,
Siwa and Hurghada, and ten stations to measure the solar radiation components. The background is
established with reference to the natural components of the atmosphere and is measured in areas
distant from Man-made, urban and industrial pollutions.
Comment:
In all modern risk and crisis management operational systems, the role of Meteorology is central and
invaluable. Unfortunately, since we were unable to visit and/or interview EMA, this summary analysis
is based on available public domain documents and scientific papers listed in bibliography. Therefore,
we shall not discuss the (presumable) reliability and effectiveness of its real-time meteorological, or
long-term climatological data and products, or the (expected) efficiency of the inter-Agency and interAuthority links with IDSC, NCCMDRR, Civil Protection Authority and Ministry of Interior, at the national
scale.

5.2.

National Authority for Remote Sensing and Space Sciences (NAARS)
The establishment of NARSS in 1994 under the Ministry of Scientific Research follows a Remote
Sensing Center established in 1971 as an American-Egyptian project for the acquisition and
processing of mid-resolution multi-spectral sensor AVHRR onboard Tyros. According to the official
definition, the NARSS mission is to: «Pursue, transfer, and provide the most advanced technology in
the fields of remote sensing and peaceful application of space Sciences, and build the self-capability
to use these technologies in support to the National development activities». Remote sensing
applications currently developed at NARSS cover the following sectors:
Geological applications and Mineral Resources
Agricultural Soil and Marine applications
Water Resources
Environment and Land use
Data Reception and Analysis
Aerial Photography
Space Science
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The Geology, Agriculture, Water and Environment application Divisions form the Department of
Applications, which appears to be best suited to fulfill the synoptic observation and cartography needs
for the management of short- to long-term natural risks, including the Climate Change related ones.
The consultant has not visited NAARS during his mission to Cairo of April 2010, but is professionally
informed of Institute’s operational and analysis capacities in spaceborne multispectral and airborne
passive (photo) and active (LiDAR) remote sensing.

5.3.

Egyptian National Seismic Network (ENSN)
The National Research Institute for Astronomy and Geophysics (NRIAG) includes the Egyptian
National Seismic Network (ENSN), that developed after the Intensity VIII (ML=5.3) earthquake of
Dahshour.
To date, the network consists of 55 sensors, mainly short period, but also very-broadband borehole.
For presumable reasons of signal transmission and processing, the network is arranged in 6
confederated arrays (Cairo, Hurghada, Burg al Arab, Kharga, Aswan and Toshka) that are transmitted
to a network concentrator in Helwan.
The recent detection of previously unobserved microseismic clusters, fosters both the (hardware
driven) improved detection sensitivity, and the good functionality of the seismic network, scaled on a
reference, overall moderate seismic activity/intensity. Due to the relatively large number of stations of
the array, and the good azimuth distribution of the latter, monitoring of micro-earthquake activities has
properly developed and new seismic clusters are detected.
In addition to these seismograph stations, ENSN has 24 mobile seismograph stations and 24 strongmotion accelerographs. Since the role of seismology is still NOT that of supplying precursors, but
(timely) locations and aftershocks, the network as it is proves overall comparable to most of the
seismic networks worldwide.
The consultant has not visited NRIAG-ENSN during his mission to Cairo of April 2010, but is
professionally informed of the Institute’s research activity and the network’s characteristics and
evolution since the 1992 Dashour earthquake.

5.4.

Egyptian Red Crescent
Government’s data show (see Table below; after ISDC, 2009) that the top statistically significant,
casualty tribute in the last 60 years is paid to epidemics. This indicates that the Egyptian Health
system in general, and the Red Crescent in particular, have and will maintain a prominent role in the
overall system of disaster preparedness.
The Egyptian Red Crescent is a NGO auxiliary to the Government of Egypt, belonging to the IFRC
(International Federation of Red Cross and Red Crescent Societies). It operates in the solidarity
system based on technical (mainly medical) and humanitarian relief. Common to Red Crescent/Red
Cross worldwide system, its philosophy is based upon non-governmental work relying upon social,
technical and specialized efforts voluntarily offered by as much as about 20,000 members.
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Table 55 : Disasters and related casualties in the last 60 years
Disaster

Average number of casualties
(n / events)

Average People affected
(N / events)

Earthquakes

119

18599

Epidemics

3425

40

Extreme Temperature

19

35

Floods

86

28867

Landslides

34

300

Wind Storms

16

3778

The main natural disasters experienced in Egypt are listed in introduction of the present chapter. The
main sources of information are provided in the list of references.
It is understood that Red Crescents/Red Crosses carry out significant medical prevention works
(contingency planning): in consideration of the voluntary and time-limited nature of the contribution of
their members, however, both specialized since establishment in emergency situations and disaster
response.
In case of disaster, ERC/IFRC members are in charge of restoring missing links, rescue people and
goods and work towards rehabilitation according to own and IFRC procedures. The level of
coordination and/or interaction with the Civil Protection Administration, including modes and types of
information exchanges, is not known, as it is supposed to occur via the intermediation of the central
entity in charge of Disaster and Crisis Management, the IDSC-Information and Decision Support
Center. It is retained that communications in emergency situations remain crucial, as the Egyptian
Red Crescent carries out massive training activity at the Governorates and Municipality level. The
Egyptian Red Crescent is continuously involved in disaster response in Egypt and abroad, in addition
to its standard preparedness activities. The most recent example to be quoted is that of the dealing
with the expected pandemic bird flu in Egypt (H2P project, an USAID funded initiative coordinated by
IFRC) by preparing the response with suitable advance, in 2006, acting in all Governorates by means
of its Regional Branches.
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6.

Case Study: the 2010 Flash-Floods in Sinai 37
The most common natural hazards in Egypt are more climatic hazards related to flash floods that
occur sporadically along the mountainous range of the Red Sea area including parts of Upper Egypt),
and South Sinai.
The velocity of floods, as well as their capacity to give rise to solid transport – thus increasing the
involved mass and turning into two-phase fluids – depend mainly on the basin topography and the
rheological characteristics of soil(s). Such type of hazards, very well known around the shores of the
Mediterranean basin, may cause major damage to people and infrastructure.
In 1979, a flash flood over Quseir and Marsa Alam led to the destruction of the Red Sea Coastal
Road and Qena-Quseir road. Flash floods with lower losses occurred in 1972, 1979, 1991 and 1998
(IDSC, 2008).

6.1.

Brief Account of a Recent Natural Disaster and its Impact
On 18 January 2010, heavy wind and rains occurred in some parts of Egypt, the Gaza Strip, Israel
and Jordan. This meteorological hazard, suddenly onset, had severe impact on the Sinai Peninsula
and Upper Egypt, triggering flash-floods that affected South Sinai, Aswan, Qena and Hurghada.
The consequences of this disaster involve both direct and indirect costs: direct costs include 72 roads
severely damaged, over 1,100 destroyed houses and 345 damaged, 27,820 (mostly olive) trees
uprooted. Sewage treatment stations and Arish hospital underwent major damage and part of the
ceiling of Hall no. 2 at the Sharm El-Sheikh Airport collapsed. In the southern city of Aswan, strong
winds overturned 80 wind generators, disrupting shortly the supply of electric power.

The flash-flood of January 18, 2010, in Al-Arish,
Sinai (Egypt)

37

Case study and comments provided by the Arab Academy
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The area suffered material losses as large as over US$ 25.3 Millions. Initial assessments of the cost
of the damage are in the order of Egyptian LE 400 Millions, corresponding to ca. US$ 75 Millions. The
flood took 12 human lives, one foreign tourist and eleven Egyptians, while more than 40 are reported
to have been suffering significant injuries.
Officials in north Sinai said the city of al-Arish was worst affected, with its hospital suffering losses for
about US$1.8 Million in medical equipment. The bill is further worsened by the flood killing over 1,800
animals. The flood had major impact since the vulnerability of these areas is very high. In Aswan,
houses made of mud bricks are particularly susceptible to floodwaters; in Al-Arish, autochthonous had
built their houses in the natural path of floodwaters, in spite of severe bans repeatedly issued by the
local Government,
The Ministry of Social Solidarity coordinated the Government efforts with those of the Governorates to
provide food, tools and blankets for the flood victims; financial assistance was also offered to relocate
those made homeless. According to the state-owned Arabic daily Al-Ahram, the government
compensated the families who lost their homes in the floods with LE 25,000 and guaranteed plots of
land where new homes can be built. Families whose homes were damaged but not destroyed may
also be eligible for reconstruction funds, depending on their needs (Egypt today, magazine of Egypt,
2010, Al-Ahram Weekly on-line, 2010).

6.2.

Hints for Risk Mitigation Improvements
As observed earlier On the institutional and organizations level, although there is a legal framework
consists of several actions relevant to the Crisis Management and Disaster Risk Reduction (DRR)
exists in Egypt, there is a need for revising, fixing and amending the legislations and their
enforcement and to institutionalize the DRR, in order to ensure the political commitment. This will be
translated into developing policies, legislation and resources, as well as allocating appropriate
resources. However, all actors, including NGOs and private sector, have to participate in the planning,
implementation and monitoring processes, in order to enhance the sense of ownership towards the
disaster.
So, the outcome policy and legislation will be fully implemented. E.g., people will fully support the
policy of not building houses, where the local governments ban a construction, for the sake of their
lives. Meanwhile, in order to support such activity, there is a need to develop the human capacity of
employees working on this matter through training programmes, and get those trainees practice the
theory, in order to guarantee the effectiveness of the training and make the training unforgettable.
To enhance the process sustainability and the institutionalization of DRR, the knowledge must be
demonstrated and documented, which require establishing and updating database, using different
tools and methodologies (including hazard monitoring, assessment and mapping), which includes all
the available data on previous disaster at good quality, in order to develop researches and be
published to all, in order to raise the capacity of direct and indirect actors, which can help in their
mobilization. This is because, in the above-mentioned case, both the government and the local
communities did not look at the previous cases in the same place, and the local communities insisted
to establish their houses there. However, monitoring the entire processes, including the policy
implementation is crucial. Also, the government needs to restructure the insurance system that covers
disaster impacts.
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7.

Analysis

7.1.

Lesson Learnt from the 2010 Flash-Flood
Extreme rainfalls as those leading to the Al-Arish flash-flood, are hard to forecast in occurrence
(yes/no), and even harder to forecast in time and space (where/when). This holds true with current
meteorological observation means in Egypt, and would also hold true with slightly improved means,
because of the concurrent effect of the topography of the area and the sea (Red Sea) – shore (Sinai
desert) interface on wet air masses.
In lack of precise/reliable advance notice on rainfall, and in lack of hydraulic scenario models, the
emergency management role of central entities (NCCMDRR at the IDSC, e.g.) as the response of
Civil Protection could not be deployed timely.
The possibility of a mid- to short-term forecast of such short-lasting and extreme events remains
questionable, as parametrical precursors are physically ill-constrained.
On account of the very short duration of this family of events, and the typically long return times of the
trigger rainfall (thought to be in the range of centennial, even though no definite constraint yet was put
on it when fielding the mission) it is advisable to investigate a balanced – and financially and
technically sustainable – strategy for improving the areal density of meteorological observation,
modelling and forecast.
It has also been assessed (this time, but also by previous analyzers of the Disaster-and-Risk
Management system in Egypt) that is necessary to identify more efficient emergency communications
means – especially in intergovernorate and interministerial links – as current telephone lines and
mobile phones are not leaving sufficient and quantitative marks for real coordination during major
emergencies.

7.2.

Early-Warning
With respect to the mandate of IDSC, it should be noted that the major organizational effort done in
setting up a comprehensive, top structure for Crisis and Emergency management, can still be spoiled
by uneven, or failed, early warnings issued by a system that does not look yet to comply properly with
expressed needs.
Recent fast-impacting events of Sinai (2010) and Cairo (Moqattam, 2008), at very different scales and
implying an immediate response have shown how, for different reasons and at different scales, the
whole system for Disaster Response and Crisis Management is still very vulnerable to strong events
clustering in time and space: of course, as a function of the type of event, the geographical location,
and of the type of information required.
This statement points to the necessity of action with specific focus on early warning system, that must
be probably re-thought in terms of strategy and functional dependence in the framework of the overall
applied and monitored in the entire country with special focus on the vulnerable areas and
communities, based on comprehensive assessment.
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This aspect is apparently well known as, in particular, in the 2009 IDSC’s “Crisis Management and
Disaster Risk Reduction in Egypt: Progress and Challenges” it is stated that: «Early warning systems
linked to some major hazards (earthquakes, floods and air quality) are in place with outreach to
communities. … The system links mostly with the media and uses a variety of communications
processes, with a structure of hierarchical relations through which communications flow. Currently the
(…IDSC…) has initiated and developed a mechanism, to be further improved to enhance
communication, enable exchange of relevant information»

7.3.

A Response-Oriented Protection System
As far as Major risks are concerned, the Government has definitely fixed its strategic choice to
concentrate material and human resources in two places only: the IDSC / (NC)CMDRR, acting
coordinator and decider, and the Civil Protection Administration, acting its operational arm. The
strength of the lead is such that one of the main pre-crisis duties of the National Committee CDMRR /
IDSC is (IDSC, 2009) is to « Revise plans of all Ministries and Governorates involved in the
Committee CDMRR».
We have already noted that this choice is in line with the overall history of the corpus of laws and
decrees ruling the Civil Protection (excepting those on Man-made risks), and that its enforcement
fosters a smooth natural behaviour for all Public Entities involved in the decision and interaction
process, at a moment or another of the Command chain.
The central structures for disaster, risk and crisis management in Egypt are, definitely, IDSC (and
NCCMDRR) and Civil Protection, and their joint setting is assuming increasing verticality, which
normally favors efficiency. This choice being done, we shall briefly emphasize and analyze the
significant criticalities or weaknesses of the system, as they appear at the date of this writing.
In a late 2009, expert report on the Egypt National DRM System, it was emphasized that “a concern
of many ….. is the apparent disinclination of the Authorities to mitigate the effects of disasters like the
Duweiqa ……. rockslide of September 6 last year, and the potential effects of global warming”.
Separating the short- from the long-term element, and focusing on the rockslide of 2008, we shall
note that the event (Moqattam slide upon the Duweiqa urban Informal Settlement in Greater Cairo)
and the non conclusive rescue response are comparable to those that marked the 1993 Al-Zabalyn
rockslide, still in Greater Cairo.
In 2008, the slide buried 107 alive, whereas in 1993 the estimate of losses was (about) 70.
In 2008, the failure of response was substantially impelled by the inadequacy of the access to the
disaster area: whereas in 1993 it was apparently linked to inappropriate means.
These two urban rockslides would not have been heralded by any standard, or even special early
warning system based on even thousands of spot sensors, since they are scaled at sub-Governorate
level and not enter the sphere of action of IDSC / CPA.
However, the dramatic need for further, significant and continued investments in terms of early
warning, communication, command and control - together with a strong focus on fast impacting
emergency situation needs – comes from an even rough analysis of floods: for one reason or another,
the response to the 2010 Sinai flash-flood looks comparable to those that took place in 1972, 1979,
1991 and 1998, pointing to the unchanged need to act for changing the rules of emergency alert and
management in distant regions, where the action from distant control room is less consecutive, thus
less efficient.
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Together with the elements issuing from the previous points – and although there is a general
agreement on an overall improvement of quality and efficiency of Command and Control procedures
(and progress in multi-agency coordination) in the last decade – the attention is called on the
improvement of the technical and institutional system of observing slow and fast changes in Earth,
triggering alerts and activating a scaled response throughout the national territory. There is still some
way on for achieving multiscale preparedness, and fitting the response to it: the current thought is that
the current system may contain it, with improvements.

8.

Sources of Information
During our mission fielded in Cairo and Alexandria on April 11-13, despite the short duration of the
staying we had the opportunity to meet several Chairs, Undersecretaries, Director Generals,
Directors, Researchers and Research Engineers, whose list is reported below. Considering the crucial
importance of these meetings, because of the quality and content of the information gathered, we are
very grateful to all those who were kindly accepting to receive us, answer our questions and available
for clarifying and further specify elements entering the themes of discussion.

Entity

Official met

Information and Decision Support Center - Dr. Mohamed FAWZI
Crisis Management and Disaster Reduction
Sector

Office
Director

Dr. Dia Eldin ILQUOSY

Consultant to IDSC for Climate Change

Mr. Mohamed H. FELFEL

Researcher

Civil Protection Administration

Brig.Gen. Mohamed SAID

Undersecretary

Ministry of Housing, Utilities and Urban
Development - General Organization for
Physical Planning

Prof. Dr. Mostafa K. MADBOULI

Chairman

Dr. Fahima EL-SHAHED

Undersecretary

Eng. Allaa ALY

Researcher

Dr. Mohamed A.M.F. OSMAN

General Director

Eng. Noha SAMY

Researcher

Egyptian Environmental Affairs Agency –
Central Department of Alexandria Region

Dr. Sameh R.A. ALLA

Senior Environmental Researcher

Shore Protection Authority, Alexandria

Eng. Awatif ZAKY

General Manager

Egyptian Red Crescent

Prof. Mamdouh GABR

Secretary General

Dr. Yehia TAMOUM

Advisor to Red Cross

Dr. Mohssen A. SHASH

Adviser to the Secretary General

Mr. Amjad M.ABBASHAR

Head of Office

Ms. Guro Sornes KJERSCHOW

Associate Expert

Mr. Jean-Luc TONGLET

Deputy Head of Office

Egyptian Environmental Affairs Agency Department of Coastal Zone Management
and Lakes

United Nations – ISDR, Regional Office

United Nations – OCHA, Regional Office
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Appendices

Appendix 1 – Climate Related Data
1. Meteorological Observation Network
Systematic observations in Egypt are very limited and thus the data available is even more limited.
The following relevant systematic observation networks are available:
a. Meteorological data (Data is available by purchase)
b. Tide gauges
c. Groundwater salinity network
d. Soil salinity network
A National Centre for Climate Change has been planned at the Ministry of State for Environmental
Affairs and it is expected that the centre will be responsible for collection, analysis and interpretation
of climate data and for policy recommendations of concerned authorities.

2. Climate Trends
The data available from the years 1957 to 2009 is recorded daily with some years missing. In the
following section time series analysis for the mean temperature and the precipitation for two periods,
from 1907 – 2009 and from 1980 to 2009, are presented. Data were not homogenized, however, it is
suggested that it gives good indication of the trends.

Mean Temperature trends
The figure below shows the trend of mean temperature indicating that the mean temperature
increased by 0.33°C/decade in the period from 1980 - 2009.
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Hot and Cold Waves
The definition of heat waves set by WMO states that the “maximum period >5 consecutive days with T
max >5°C above the 1961–1990 daily T max normal” (F rich, 2002:10). The figure below shows the
trend of heat waves indicating that the heat waves increased by 17.8days/decade in the period from
1980 – 2009. The presentation of output should be taken as indication of trends rather than exact
conclusive evidence.

The definition of the cold waves is a rapid and marked fall of temperature. The National Weather
Service applies this term to a fall of temperature in 24 hours equalling or exceeding a specified
number of degrees and reaching a specified minimum temperature or lower. These specifications
vary for different parts of the country and for different periods of the year.

The above figure shows the trend of cold waves indicating that the cold waves decreased by 3.7
days/decade in the period from 1980 – 2009.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 311
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Rainfalls
Thze following figure shows the trend of precipitation indicating that the precipitation increased by
1.77mm/year in the period from 1980 – 2009, which is an insignificant increase.

Extension of the analysis period to include the whole data available from year 1907 – 2009 gives an
insignificant increase in the precipitation shown in the figure below.

This figure shows that the trend of precipitation increased by 1.85mm/decade in the period from 1907
– 2009, which shows an insignificant increase.
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3. Data and Methodology of Climate Change Projections
Data Modeling
The study is carried out to analyse future climatic change scenarios of Alexandria, using the data
obtained from dynamic downscaling method. The methods used are downscaling with the help of
Regional Climate Models (RCM) and downscaling with the help of variable resolution general
circulation models.
The future climatic changes are considered taking into consideration:
o Average temperatures
o Heat and cold waves
o Pluviometric accumulation,
o Strong precipitation events,
o Drought events (examined from pluviometric angle),
o Extreme frequencies and variances.
o Temporal distribution of precipitation across Cumulative Distribution Function (CDF) curve.
Future climate changes are studied using daily precipitation data, maximum and minimum
temperature obtained from dynamic downscaling of European Project ENSEMBLES
(http://www.ensembles-eu.org).This R & D programme has among its objectives to fine tune IPCC
climatic projections, quantifying properly the uncertainties. This involves the output obtained from the
following RCMs: CNRM (National Centre for Meteorological Research) generated French model
(Aladin-Climat) and its climate forcing on edges is obtained from GCM ARPEGE-Climat (MétéoFrance),out put from English models (HadRM3) of METO-HC (METOffice Hadley Centre), its forcing
is obtained from MCG of Hadley Centre (HadCM3) and out put from German model (REMO) of MPIM (Max Planck Institute for Meteorology) whose forcing is obtained from GCM ECHAM5. Even if the
concerned city is located in the south of these model domains, there is an advantage in the spatial
high resolution (25 km) of model grids. Daily precipitation data, maximum and minimum temperatures
obtained at variable resolution global model ARPEGE-Climat of Météo-France are also used. These
data have been made available to us by Météo-France.
The data of three ENSEMBLES models are elaborated under the scenario IPCC-A1B. The ARPEGEClimat model is considered with three scenarios: A1B, A2 and B1.
Utilization of different model-scenarios help to cover part of the uncertainties linked to climate
change. In fact, among the large sources of uncertainties regarding climate change, those linked to
green house gas emissions are predominant (Terray and Braconnot, 2008).
However, the role of natural variability must not be forgotten. This role is dominant in some cases
(certainly more important than that of the emission scenario up to 2050). That is why, for horizons of
less than 50 years, the uncertainty on the emission scenario is not a real issue: it becomes important
for the second half of the 21st century. Over the short term, natural variability makes it much more
difficult to detect climate trends and to implement reactive adaptation measures: if precipitations
decrease over the next two decades, we may be unable to say whether this comes from climate
change or from a natural phase, and therefore whether this calls for adaptation for the long term or
not.
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The three RCM CNRM, METO-HC and MPI-M are indicated in this document respectively as
CNR_A1B, MET_A1B and MPI_A1B. The ARPEGE-Climat model is indicated following the scenario
considered by ARPG_A1B, or ARPG_A2 or ARPG_B1.
A brief overview of IPCC scenarios, as well as a figure showing emission evolutions and their
corresponding rise in global temperature, are presented below.

Figure 1: Evolution of emissions and global temperature growth according to IPCC emission
scenarios (Source, IPCC 4th report).
The IPCC scenarios
The A1 storyline and scenario family describes a future world of very rapid economic growth, global population
that peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient
technologies. Major underlying themes are convergence among regions, capacity building, and increased cultural
and social interactions, with a substantial reduction in regional differences in per capita income. The A1 scenario
family develops into three groups that describe alternative directions of technological change in the energy
system. The three A1 groups are distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil
energy sources (A1T), or a balance across all sources (A1B). A1FI scenario is seldom considered when
modelling climate change in Europe and North Africa.
The B1 storyline and scenario family describes a convergent world with the same global population that peaks in
midcentury and declines thereafter, as in the A1 storyline, but with rapid changes in economic structures toward a
service and information economy, with reductions in material intensity, and the introduction of clean and
resource-efficient technologies. The emphasis is on global solutions to economic, social, and environmental
sustainability, including improved equity, but without additional climate initiatives.
The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is selfreliance and preservation of local identities. Fertility patterns across regions converge very slowly, which results
in continuously increasing global population. Economic development is primarily regionally oriented and per
capita economic growth and technological changes are more fragmented and slower than in other storylines. The
A2 scenario is often considered when modelling climate change in Europe and North Africa, together with A1B
and B1.
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Horizon
The future climate change projections are considered in terms of horizon 2030, i.e. the period of
2021-2050. The changes are deduced by comparing the climate of that said period “future” to that of
period 1961-2000 considered to be “present” or reference.
Data Calibration
The impact models represent a main mode of apprehension and assessment of possible effects of
climate change on the ecosystems and socio-economic sectors (hydrological resources, agricultural
production, etc.) These are generally based on calibrated statistical tools with observed
meteorological data. These models are often non linear and sensitive to threshold defects. Therefore,
it is important that the data, pertaining to the present climate and obtained from GCM or RCM,
possess to the extent it is possible statistical properties similar to the series observed. It may be
recalled that climatic modeling data constitute a main ingredient of impact model entry data. In this
objective quality aid calibrating method (quantiles-quantiles plots « qqplots ») (Déqué, 2007) is
applied to daily data pertaining to precipitations and maximum minimum temperatures. This method
has been used within the framework of IMFREX aiming anthropic climatic change impact assessment
on the frequency of extreme events of winds, temperature and precipitations in France.
(www.ecologie.gouv.fr/IMG/pdf/final-4-02.pdf ). It consists of aligning (see figure below) the quantilequantile curve , obtained by way of tracing model data percentiles depending on those that have been
observed on the diagonal, with the same percentiles for the model and the observation. The values
worked out between two successive percentiles are calibrated in a linear fashion. It is important to
note that qqplots method improves certain characteristics of statistical distribution; it does not improve
necessarily the temporal properties such as assistance, since it does not take into account the
chronological order of the series.
The qqplots method is applied for each of the seasons separately. At each of the meteorological
stations, the closest model grade point is attributed. The calibrating period is 1961-2000 for the
observed data and for those pertaining to present climate obtained from models.

Figure 2: Graphical representation of qqplots calibrating method
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The output pertaining to Alexandria is calibrated using qqplots method with ERA-Interim (ERAi) reanalytical tools of European Centre for Mid-Term Meteorological Forecast (ECMTMF) (Berrisford and
al., 2009). It is pointed out that the data series used for calibration are not homogenized. In addition, it
is clear that general or regional climate models cannot reproduce extreme events. Even with a qqplots
calibration, if the physical mechanisms involved by the extreme meteorological event are not in the
model, an ex-post calibration is unable to correct the problem. As a result, trend calculations must be
considered with care.
Definitions of indices
Heat wave: A heat wave is defined as a succession of minimum 6 days with a maximum temperature
exceeding the normal climatologic temperature by at least 5°C. For each calendar day, the normal is
calculated on a window of 5 days centred on it. The normal temperature calculation is done over a
reference period.
Cold Wave: A cold wave is defined as a succession of minimum of 6 days of low temperature below
the normal by 5°C. The normal climatologic temperat ure is calculated the same way as the heat
wave.
Maximum period of drought: It is the maximum number of consecutive days with dry spell. Taking
into account concerned sites, a day is considered to be dry if its pluviometric accumulation is less
than 0.5 mm.
Average period of drought: It is the average number of consecutive days with dry spell.
Number of high precipitation events: It is the total number of days with high precipitation to the 90th
calculated percentile on the basis of humid days of the reference period.

4. Cumulative Distribution Function
In this part, we will be focusing on the annual precipitation distribution through Cumulative
Distribution Function (CDF). The CDF provides information on the probability of having an
accumulation not overshooting any particular value. A CDF estimation (or empirical Cumulative
Distribution Function ) pertaining to a particular value (accumulation) is equal to number of
observations less or equal to that value brought to the total number of observations. The CDF
of a discontinuous variable as the precipitation is also discontinuous. The CDF graph depending on
the precipitation values is a curve in staircase form as displayed in the Figure 3 (blue curve). We
obtain a smooth curve by passing through from a normal average distribution and equal typical
disparities to the precipitation series (an example is given in the Figure 3, green curve).
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Figure 3 : Example of CDF curves, for any discontinuous distribution (blue) and for normal
distribution (green)

The adjustment by a law similar to Lognormal better adapted to annual precipitations will enable to
obtain smooth CDF curves. However, in order not to over burden the procedure, we will restrict
ourselves in calculating the CDF as per gross data.
Table 1 represents the possibility percentages to exceeding different pluviometric thresholds as
per the 6 model scenarios for the reference period and the future. The analysis of this table enables
to find once again the uncertainty around the changes of the horizon 2030 regarding the high level of
accumulation for these four sites. The lack of total consensus between the model scenarios
considered in this study is also displayed for average accumulation.

Table 1: Possibility percentages to exceed thresholds of 20, 50 and 100 mm in annual accumulation as
per the different model scenarios, for the present (1961-2000) and future (2021-2050)

Alexandria

1961-2000

2021-2050

20 mm

50 mm

100 mm

20 mm

50 mm

100 mm

CNR_A1B

97

15

0

87

7

0

MPI_A1B

99

22

0

93

27

7

MET_A1B

92

15

0

99

13

3

ARPG_A1B

85

27

2

87

33

0

ARPG_A2

85

27

2

87

30

0

ARPG_B1

85

27

2

90

23

0
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5. Climate Change and Rise in Sea Levels
5.1. Introduction
The Intergovernmental Panel on Climate Change (IPCC) was established by the World
Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP), which
are responsible for assessing the scientific information relative to climatic change, for measuring the
environmental and socio-economic consequences of this change, and for formulating realistic
counter-strategies.
Since its creation, the IPCC has published four assessment reports (in 1990. 1995, 2001 and 2007),
as well as special reports, technical documents and methodological reports.
38

The summary report from which the climatic change characterization elements described below are
drawn is the last part of the IPCC's fourth assessment report (AR4) of 2007. It presents an
appraisal of the climatic changes based on the conclusions of the IPCC's three Working Groups.
In anticipation of the Copenhagen summit in December 2009, a diagnosis was carried out and
39
published in November 2009 by the Climate Change Research Centre (CCRC) with the aim of
updating the latest observed changes. Furthermore, in September 2009 the UNEP published a
40
compendium on the various results obtained by the researchers since 2006. The information from
these documents that enables the rise in sea level to be assessed will be presented below.
5.2. General information on climate change and its effects
Today global warming is a certainty. We are already observing a rise in the temperatures of the
1
air and the oceans, melting of snow and glaciers, and a rise in sea level .
Eleven of the last twelve years between 1995 and 2006 figure among the warmest since 1850 (see
Figure 4). Temperatures have risen almost everywhere in the world, although more significantly in the
higher latitudes of the northern hemisphere.
The rise in sea level coincides with this warming (see Figure 4). Over the planet as a whole, the
average level has risen by 1.8 [1.3-2.3] mm/year since 1961 and by 3.1 [2.4-3.8] mm/year since 1993
under the effect of the thermal expansion of the oceans and the melting of glaciers, the ice cap and
the polar ice sheets.

38

Climatic change assessment 2007; Summary report – Summary for Policymakers.

39

The Copenhagen Diagnosis, 2009: Updating the World on the Latest Climate Science. I. Allison, N.L. Bindoff, R.A.
Bindschadler, P.M. Cox, N. de Noblet, M.H. England, J.E. Francis, N.Gruber, A.M. Haywood, D.J. Karoly, G. Kaser, C. Le
Quéré, T.M. Lenton, M.E. Mann, B.I. McNeil, A.J. Pitman, S. Rahmstorf, E. Rignot, H.J. Schellnhuber, S.H. Schneider, S.C.
Sherwood, R.C.J.Somerville, K. Steffen, E.J. Steig, M. Visbeck, A.J. Weaver. The University of New South Wales Climate
Change Research Centre (CCRC), Sydney, Australia, 60pp
40

Climate change Science Compendium. Managing Editor: Catherine .P. McMullen, Associate Editor: Jason Jabbour.
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Figure 4 : Observed variations in different parameters

(a) of the mean temperature at the surface of the globe (b) of the mean sea level on the global scale according to the data
collected by tide gauges (in blue) and satellites (in red), and (c) the snow cover in the northern hemisphere in March-April.
All the deviations are calculated with respect to the averages for the 1961-1990 period. The smoothed curves represent the 10year averages while the circles correspond to the annual values. The shaded zones represent the uncertainty intervals which
have been estimated from an in-depth analysis of known uncertainties (a and b) and from the chronological sequences (c).

The observed reduction in the extent of the areas covered with snow and ice also coincides with the
warming. The satellite data available since 1978 show that the average annual extent of ice has fallen
by 2.7% [2.1-3.1%] per decade in the Arctic Ocean with a more marked regression in summer (7.4%
[5.0-9.8%]). Glaciers and snow cover occupy a smaller surface area in both hemispheres.
Other changes, probably or very probably due to global warming reportedly affect the amounts of
precipitation water, daily temperatures, storms, etc. Thus a multitude of natural systems are
affected by the regional climate changes in relation with the rise in temperatures, according to
the observations made on all the continents and in the majority of the oceans.
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Figure 5: Locations of significant changes recorded in the data sets on physical systems (snow, ice
and frozen ground; hydrology, coastal processes) and the biological systems (terrestrial, marine and
freshwater) and variation in surface air temperature in the period from 1970-2004

More than 29,000 sets of observation data drawn from 75 studies (out of the 80,000 data sets
published in 577 studies) reveal that a large number of physical and biological systems are deeply
disturbed. The trends recorded in more than 89% of these data sets are what one would expect in
response to global warming (see Figure 5).
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Figure 6: Overall evolution of temperatures since 1980 - NASA GISS data

The red line corresponds to the annual data, while red square is an estimation based on the data from January to
August. The green line gives the trend for the last 25 years (0.19° per decade). The blue line correspo nds to the most
recent data over the last ten years: 0.18°C between 1998 and 2007 and 0.19°C between 1999 and 2008 .

During the last 20 years, the temperatures have increased on average by 0.19°C per decade in
accordance with the forecasts based on the increase in the quantity of greenhouse gases (GHG). Even
over the last ten years the overall trend leans to warming. Natural short-duration fluctuations occur but
there have been no significant changes in the overall trend of warming associated with the increase in the
GHG emissions.
The continuation of GHG emissions at current or higher levels should accentuate the warming and
profoundly modify the climate system in the 21st century. It is very likely that these changes will be more
substantial than those observed during the 20th century (see Figure 6). Warming of about 0.2°C per
decade over the next twenty years is anticipated in several scenarios of the SRES (Special Report on
Emissions Scenarios).
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Figure 7: GHG emission scenarios for the period 2000-2010 (if there is no additional climate policy)
and forecasts relative to the surface temperatures

On the left: Global GHG emissions (in GtCO2-eqperyear) in the absence of additional climate policies: six illustrative SRES
marker scenarios (coloured lines) and 80th percentile range of recent scenarios published since SRES (post-SRES) (gray
shaded area). Dashed lines show the full range of post-SRES scenarios. The emissions include CO2, CH4, N2O and F-gases.
On the right: Solid lines are multi model global averages of surface warming (relative to 1980-1999) for the SRES scenarios
A2, A1B and B1, show as continuation of the 20th century simulations. The orange line is for the experiment where
concentrations were held constant at year 2000 values. The bars in the middle of the figure indicate the best estimate and the
likely range assessed for the six SRES marker scenarios at 2090-2099 relative to 1980-1999. The assessment of the best
estimate and likely ranges in the bars includes the Atmosphere-Ocean General Circulation Models (AOGCMs) in the figure, as
well as results from a hierarchy of independent models and observational constraints.

The following table shows the projections of the average rise in sea level for the 2090–2099 period.
As the projections take into account neither the uncertainties associated with feedback between the
climate and the carbon cycle, nor the complete effects of the change in the flow of the ice sheets, the
higher values of the ranges must not be considered as the upper limits of the rise in sea level.
Although the increase in the ice flow in Greenland and the Antarctic has been taken into account at
the rates observed between 1993 and 2003, the phenomenon could nevertheless speed up or slow
down. The projections concerning the climate warming configurations and other regional
particularities, including the modification of the wind conditions, precipitation, and certain
aspects of extreme phenomena and sea ice, have a higher confidence level than in the 3rd
Assessment Report (AR3).
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Table 2: Projected global surface warming and sea level rise at the end of the 21st century

The changes anticipated on the regional scale include:
- maximum warming on the emerged land and in most regions of the high latitudes of the
northern hemisphere, and minimum warming above the Austral Ocean and part of the North
Atlantic, perfectly in line with the trends observed recently;
- a reduction in snow cover, an increase in the thickness of the thawed layer in the majority of
the permafrost regions, and a reduction in the extent of sea ice: according to certain
projections obtained with the SRES scenarios, in the second half of the 21st century the
waters of the Arctic will be virtually ice-free by the end of each Summer;
- a very likely rise in the frequency of extremely high temperatures, heat waves and heavy
precipitation episodes;
- a likely increase in the intensity of the tropical cycles and, with a lesser degree of confidence,
a drop in the number of tropical cyclones over the planet as a whole;
- the displacement of the trajectory of extra-tropical storms towards the poles, accompanied by
changes in the configurations of the winds, precipitations and temperatures;
- a very likely increase in precipitation at high latitudes and, conversely, a likely reduction in the
majority of emerged subtropical land, in accordance with the recently recorded trends.

Studies dating from after AR3 provide a better understanding of the chronology and extent of
the impacts according to the scale and pace of climatic changes.
The following figure shows examples of this change for a number of systems and sectors. The upper
section indicates the impacts that increase along with the rise in temperatures. Their estimated
chronology and scale also depend on the modes of development (bottom section of Figure 8). This
Figure shows some of the forecast impacts for Africa.
It is likely that certain systems, sectors and regions (non-exhaustive list below) will be harder hit by
the climate change than others.
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Systems and sectors
 Ecosystems:
 terrestrial: tundra, boreal forest and mountainous regions, due to their sensitivity to
climate warming; Mediterranean-type ecosystems because of the reduction in
precipitation; tropical rainforests in areas where rainfall decreases;
 coastal: mangroves and salt marshes subjected to numerous stresses;
 marine: coral reefs subjected to numerous stresses; sea-ice biome, due to its sensitivity
to climate warming;
 Water resources in certain dry regions of the medium latitudes and in the dry tropical regions
because of the change in rainfall and evapotranspiration, and in the regions that rely on water
from snow and ice melting;
 Agriculture in the lower latitudes under the effect of the depletion of water resources;
 Coastal lowlands, as a result of the threat of a rise in sea level and the increased risk of
extreme meteorological phenomena;
 Sanitary state of populations that have little capacity to adapt.
Regions:
 Arctic, because of the speed of warming and its impacts on the natural systems and human
communities;
 Africa, given the low capacity to adapt and the projected effects;
 Small islands, due to the high level of exposure of the populations and infrastructure to the
projected effects;
 Large deltas in Asia and Africa, given the population density and the high exposure to the rise
in sea level, storm surges and river basin flooding.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 324
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 8: Examples of impacts associated with global average temperature change (impacts will vary
by extent of adaptation, rate of temperature change and socio-economic pathway)

Illustrative examples of global impacts projected for climate changes (and sea level and atmospheric CO2 where
relevant) associated with different amounts of increase in global average surface temperature in the 21st century.
The black lines link impacts; broken lines arrows indicate continuing with increasing temperature. Entries are
place so that the left-hand side of text indicates the approximate level of warming that is associated with the
onset of a given impact.

Dots and bars indicate the best estimate and likely ranges of warning assessed for the six SRES marker
scenarios for 2090-2099 relative to 1960-1999
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Table 3: Example of anticipated regional impacts
•
•

Africa

•
•

According to projections, by the year 2020. 75 to 220 million people will be
exposed to a hydric stress exacerbated by the climatic changes,
In some countries, rain-fed agricultural yields could drop by 50% by 2020. It
is predicted that agricultural production and access to food will be severely
affected in many countries, with serious consequences in terms of food
security and malnutrition,
Towards the end of the 21st century, the forecast rise in sea level will
affect the heavily populated coastal lowlands. The cost of adapting to
this could represent 5 to 10% of GDP, if not more,
According to several climatic scenarios, the surface area of arid and semiarid land could increase by 5 to 8% by 2080 (high level of confidence)

5.3. Overall rise in sea level
SEA LEVEL VARIATIONS DURING THE 20TH CENTURY
The Table below taken from AR3 gives several global and regional estimates of the trends for the rise
in sea level based on the data of the Permanent Service for Mean Sea Level (PSMSL) (Woodworth
and Player, 2003). However, the quality and observation times for these data are not uniform. The
number and distribution of tide gauges in the past cannot be compared with those of today. Some tide
gauges did not function continuously.
Table 4: Estimates of the rise in sea level from tide gauge measurements
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The Figure below illustrates the comparison of the two estimates of the rise in water levels since
1900.

Figure 9: Mean rise in sea water levels in mm (from tide gauge data) since 1870 (updated by Church
and White, 2006)

The red curve shows reconstructed sea level fields since 1870 (updated from Church and White, 2006); the blue line shows the
tide gauge data since 1950 (Holgate and Woodworth, 2004), while the black line is based on satellite data (Leuliette et al,
2004).

Using the results transcribed to the above curve, and taking account of the trends evidenced by
satellite measurements (see paragraph below), the estimated rate of rise in sea level for the 19612003 period is 1.8 ±0.5 mm/year and for the 20th century it is 1.7 ±0.5 mm/year.
Based on more recent high quality tide gauge records, the rise in sea level for the last few decades
remains within the range of AR3 (1 to 2mm/year), researchers increasingly think that the rate is closer
to 2mm/year than 1mm/year. The lower bound considered in AR3 results from local and regional
studies whose value can be different from the mean level (Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 2007- The physical
Science Basis – Changes in Sea level).

Table 5: Recent estimates of the rise in sea level from tide gauge measurements
-1

Douglas.2001; Peltier. 2001

1,8 mm.y for the past 70 years

Miller and Douglas. 2004

1.5 à 2 mm.y

Holgate and Woodworth. 2004

1.7 ±0.4 mm.y entre 1948 and 2002

Church and al. 2004

1.8 ± 0.3 mm.y

Church and White. 2006

1.7 ± 0.3 mm.y
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CHANGE IN SEA LEVEL DURING THE LAST DECADES
Since 1992 the mean sea level can be determined from altimetric measurements made by the
TOPEX/Poseidon and JASON satellites. The sea level is evaluated with a precision of within 5 mm
every ten days. Numerous publications on the altimetric results (see synthesis by Cazenave and
Nerem, 2004) given a mean rate of rise in sea level of 3.1 ± 0.7 mm/year for the period from 1993
to 2003 (Cazenave and Nerem, 2004; Leuliette et al., 2004; Figure 10).

Figure 10: Variation in mean sea level (difference between means from 1993 to mid-2001) obtained
from satellite altimetric data from January 1993 to October 2005

The dots correspond to the data obtained every 10 days (from TOPEX/Poseidon in red and Jason in green). The blue line
corresponds to the smoothing of the satellite data over 60 days. (Updated by Cazenave and Nerem (2004) and Leuliette et al
2004)

PROJECTION OF THE MEAN SEA LEVEL FOR THE 21ST CENTURY
Table 6 and Figure 11 show the projections of the mean sea level obtained by applying the different
scenarios tested in the SRES (Special Report on Emissions Scenarios, 2000) for the 21st century due
to thermal expansion of the oceans and melting of the glaciers, based on report AR4 AOGCM (see
sections 10.6.1, 10.6.3 and 10.6.4 in “Contribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change, 2007).
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Table 6: Projection of sea level rise on the basis of the SRES scenarios

The upper line gives the values at 5% and 95% confidence levels for the 1980 - 1999 and 2090-2099 periods. The lower line
gives the difference in the sea level rise for the 2090 – 2099 period in mm/year (see section 10.6 .5 of AR3 for more details).
Ranges covered by the models not taking into account future rapid dynamic changes in the ice flow.

The SRES scenarios
SRES stands for the Special Report on Emissions Scenarios published by the IPCC (SRES, 2000). These
scenarios are grouped into four families (A1, A2, B1 and B2), which study different lines of development as a
function of a wide range of demographic, economic and technological factors, and the greenhouse gas emissions
resulting from them. Only current climatic policies are taken into consideration in these scenarios. The emissions
forecast in the projections are widely used to estimate the future climatic changes, and the hypotheses of socioeconomic, demographic and technological change on which they are based are taken into consideration in
numerous recent evaluations of the vulnerability to climatic change and its consequences. {GT I 10.1 ; GT II 2.4 ;
GT III RT.1, RiD}
Family A1 makes the assumption of a world characterized by very rapid economic growth, a global population
peak in mid-century and fast adoption of more effective new technologies. This scenario family is divided into
three groups that correspond to the different orientations of the technological change considered from the energy
source aspect: high fossil energy component (A1FI), non fossil energy (A1T) and balancing of sources (A1B).
Family B1 describes a converging world displaying the same demographic characteristics as A1, but with the
economic structures evolving more rapidly towards a services and information economy.
Family B2 describes a world characterized by intermediate levels of demographic and economic growth,
favouring local action to ensure economic, social and environmental sustainability.
Family A2 (the last family), describes a highly heterogeneous world characterized by strong demographic
growth, low economic development and slow technological progress. No SRES scenario was assigned a level of
probability . {GT III RT.1, RiD} . {WGIII TS.1, SPM}.
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Figure 11: Projections and uncertainties (5% - 95% confidence) of the rise in mean sea level and the
factors responsible for the rise in levels for the 2090-2099 period for the six SRES scenarios

Lacking relevant published data, the sea level rise projections take into account neither the
uncertainties associated with climate / carbon cycle feedback nor the totality of the effects of
the change in the ice sheet flows. Consequently, the upper values of the ranges must not be
considered as upper limits of the rise in sea level. Although the projections take into account the
increase in glacial flow in Greenland and Antarctica at the rates observed between 1993 and 2003,
the phenomenon could nevertheless speed up or slow down. If it were to increase linearly with
the average warming at the surface of the globe, the maximum sea level rise values according to the
SRES scenarios indicated in Table 6, would increase from 0.1 m to 0.2 m.
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Figure 12: Summary of climate change projections for the 21st century

THE MAIN FACTORS GOVERNING THE RISE IN SEA LEVEL
The phenomena responsible for the current variations in the global mean sea level can be placed in
41:
two categories :
- changes in the volume of the oceans resulting from variations in the density of the seawater, these
being caused in turn by the variations in the temperature of the ocean;
- changes in the water content of the oceans (and therefore in the water masses) resulting from
water exchanges with the other reservoirs (atmosphere, continental water reservoirs, mountain
glaciers, polar ice caps). These exchanges of water with the atmosphere occur by evaporation
and precipitation. The exchanges with the continents result from variations in the flow of water
towards the oceans via the river and drainage systems. Lastly, the changes in the mass of the
mountain glaciers and polar ice caps (Greenland and Antarctica) constitute a third source of
water exchanges with the oceans.

41

Anny Cazenave - LEGOS/OMP UMR Univ/CNRS/CNES/IRD
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-

Rise in sea level due to thermal expansion

Water density decreases and volume increases when its temperature rises: heat makes it expand.
The recent analysis of sea water temperature data collected over the last 50 years shows us that the
ocean, like the atmosphere, has warmed up significantly over the last decades. The heat accumulated
in the ocean, down to depths of some 1000 metres, causes thermal expansion of the sea which
makes its level rise. These calculations show that warming of the ocean accounts for about 25% of
the rise in sea level of the last 50 years (0.4 of the 1.8 mm/year observed).
The contribution of thermal expansion of the sea (due to warming of the ocean) has trebled over the
last decade (~1.5 mm/year in the 1993-2005 period, that is to say about 50% of the observed rise).
-

Glaciers and ice caps

Global warming is also responsible for the melting of continental ice. The majority of the planet's
mountain glaciers have lost a considerable amount of their volume over the last decades. Melting of
these glaciers is thus responsible for about 0.5 mm/year of the rise in sea level observed for the
period from 1950-2000. Unfortunately no quantitative estimation of the contribution of the polar ice
caps towards the rise in sea level over the last decades exists. Noting that the sum of the thermal
expansion of the ocean and the melting of the glaciers only accounts for about 1 mm/year out of the
observed 1.8 mm/year, A. Cazenave (Global Change Letter No.19 - International Geosphere
Biosphere Programme (IGBP) - World Climate Research Programme (WCRP) - International Human
Dimensions Programme (IHDP) - Diversitas - Earth System Science Partnership (ESSP) proposes a
range for the contribution of the polar ice caps. Another potential contribution must nevertheless be
mentioned, namely the change in continental water stocks associated with climatic variability and
human activities, the value of which is extremely uncertain.
The melting of mountain glaciers has also got faster over the last decade. Recent observations
indicate that their contribution reached 1 mm/year over the last years. While no reliable observations
on the contribution of Greenland and Antarctica to the rise in sea level were available for the last
decades, new satellite observations show substantial melting in the coastal regions of southern
Greenland. The phenomenon even seems to be speeding up, contributing about 0.2 mm/year to the
rise in sea level in recent years. Conversely, the contribution of Antarctica for the moment is
negligible. In effect, although significant melting is observed in Western Antarctica, in the Eastern part
of the continent ice is building up due to an increase in snowfall (as is moreover forecast in the
context of global warming). The overall appraisal thus indicates, at least for the last decade, that the
average rise in sea level is relatively well explained by the warming of the ocean and the melting of
continental ice.
-

Appraisal of the rise in sea level of the last years

The IPCC report AR4 summarizes the values of the change in water level (see Table 7) for two
periods (1961 to 2003 and 1993 to 2003). For the 1961-2003 period the total contributions due to
thermal expansion and melting of the glaciers and ice caps are estimated at 1.1± 0.5mm compared
with the 1.8 mm ± 0.5 mm observed during the same period. In the IPCC report AR4 the authors
conclude that the total rise over these forty years is not very reliable. For the 1993-2003 period, the
total rise is 2.8 ± 0.7 mm, in closer agreement with the values measured with the spatial altimeters
which give 3.1 ± 0.7 mm for the same period.
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Table 7: Estimation of the different contributions to the rise in sea level for the periods 1961-200 and 1993- 2003
(IPCC, 2007)

Source
Thermal expansion
Glaciers and ice caps
Greenland
Antarctica
Sum
Observed

Rise in sea level (mm per year )
1961-2003
1993-2003
0.42 ± 0.12
1.6 ± 0.5
0.50 ± 0.18
0.77 ± 0.22
0.05 ± 0.12
0.21 ± 0.07
0.14 ± 0.41
0.21 ± 0.35
1.1± 0.5
2.8 ± 0.7
(a) 1.8 ± 0.5
(b) 3.1 ± 0.7

Difference
(observed–measured)

0.7 ± 0.7

Reference
Section 5.5.3
Section 4.5
Section 4.6.2
Section 4.6.2
(a) Section 5.5.2.1
(b) Section 5.5.2.2

0.42 ± 0.12

42

New results have been published since the publication of the IPCC AR4 of 2007. A. Cazenave et al
for example have published the measured variations in water levels based on spatial altimetric data
for two periods: 1993 – 2007 and 2003 – 2007.

Table 8: Variations in water levels for the 1993-2007 and 2003-2007 periods
Rise in sea level
(mm/year)

1993 - 2007

2003 - 2007

1

Observed

3.3 ± 0.4

2.5 ± 0.4 (Ablain et al, 2009)

2

Thermal expansion

1.0 ± 0.3

0.25 ± 0.8 (Argo)

3

Ocean mass

2.3 ± 0.5

2.1 ± 0.1 (GRACE data with -2mm/an
of GIA correction, Cazenave et al,
2009)

4

Glaciers

1.1 ± 0.25

1.4 ± 0.25 (Cogley, 2009)

5

Ice caps

0.7 ± 0.2 (compilation
of published results)

1.0 ± 0.2 (compilation of published
results)

6

Continental water

-

-0.2 ± 0.1

Sum (2+4+5+6)

2.85 ± 0.35

2.45 ± 0.85

GIA : Glacial Isostatic Adjustment

42

A. Cazenave, W. Llovel, Contemporary sea level rise, Annu. Rev.MZR.Sci.2010. 2: 239-269
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Figure 13: Mean rise in sea level between January 1993 and December 2008

The data in blue are the data obtained every 10 days. The red line corresponds to the data smoothed over 90 days) – Glacial
Isostatic Adjustment (GIA) has been taken into account.

Between 2003 and 2008, the global mean sea level continued to rise at a rate of 2.5 mm/year on
average (see Figure 13). Yet the steric contribution (effect of expansion of the water) only accounts
for 0.4 mm/year of this rise. Using the observations of the new space mission GRACE, the
researchers of LEGOS and CLS have shown that it is the accelerated melting of continental ice that
explains the large majority of the rise in sea level during the last 5 years. And this phenomenon is
going to continue.
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Appendix 2 – Geology and Topography Related Data
1. Main Geomorphologic Units
The north-western Mediterranean coastal zone occupies the northern extremity of the great
Marmarican Homoclinal plateau that covers much of the Western Desert between the Qattara
Depression, and the Mediterranean Sea (Shata, 1957). This zone displays geomorphological features
which reflect the effect of both arid and wet climatic conditions. Geomorphologically, Alexandria and
its surroundings (Maryut region) can be subdivided into 5 major distinct units based on Shata (1978).

Figure 1: Geomorphology of Alexandria (Source: CEDARE 2009 – Khaled M. Abu-Zeid, Nahed El Arabi
and Akram Fekry)

From north to south, these units are as follows:
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Coastal plain
A) The young coastal plain
The shore belt is a very narrow strip restricted to the tidal zone. Several landforms are included within
this plain, which are either aggradational or degradational, as follow:
o The aggradational shore platforms are characterized by developed beaches.
They form typical coastal flats covered with present beach deposits between Abu Quir and Rosetta.
o The degradation shores show numerous interesting morphologic features in the form of
wave-cut cliffs, abrasion platforms and onshore island. Abu Quir head land is a
protruding rooky ridge extending N-S for about 5 km, with a conspicuous wave cut cliff
on its western side. In the area between Abu Quir and Alexandria, the onshore zone is
dotted by 5 islands emerging above sea level; the most famous one is Nelsons Island.
Moreover, scattered cliffs of the detrital sandy limestone are frequent.

B) The old coastal plain
This plain extends south of the young coastal plain, landwards. To the west of Abu Quir this plain is
characterized by the presence of a series of ridges alternating with shallow lagoonal depressions. The
ridges run parallel to the coast in the backshore and in upland areas from Alexandria to Salum on the
Egyptian/Libyan border, which are missing or deformed at several localities due to the effect of local
structures as well as due to erosion. These ridges represent ancient shoreline of Mediterranean sea
during the Pleistocene time from the Sicilian to the late Monasterian. They progressively increase in
elevation from~10m along the coast to ~100m some 40 km inland (Shukri et al., 1956).
Other related ridges extend underwater down to a maximum depth of 20m across the inner
continental shelf of the Arabs Gulf between Alamin and Alexandria as reported by Lindell et al. (1991).
The maximum crest height of these ridges is 6–11m above the seabed and they are generally found
in certain water areas of depths ranging between 10 and 15m. The origin of the inland ridges ranges
from marine, such as offshore bars and beach deposits, to Aeolian. The inland ridges and submerged
bedrock are the primary sources of formation of beaches and seabed sediments between Alexandria
and Salum. According to the stratigraphic and altitude, the ridges are present from north to south as
follow:
st

i.

The 1 "coastal" ridge: it runs parallel to the coast from El Agami to El Salum, with
average width of about 400m and mean elevation of about 20m. this ridge is built up of
white oolitic carbonate sand occasionally consolidated

ii.

The 2 "El Max – Abu Quir" ridge: it lies at about 0.5 to 1.5km to the south of the coastal
ridge. It has an average width of about 800m with the height ranging between 20 and
50m above the present sea level. This ridge is built up of moderately hard, chalky, detrital
limestone capped by a thin crust of pale brown crystalline limestone.

iii.

The 3 "Gebel Maryut" ridge: it lies at about 5km to the south of the present shore line
and attains an average height of 35 to 50m above sea level. Rock facies are similar to the
rd
second one though the thickness of the crust is greater in the 3 ridge

nd

rd
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Figure 2: Diagrammatical sketch of the coastal ridges and depressions
rd

3 Gebel Maryut ridge
(35m)
2

nd

EL Max-Abu Quir ridge

(25m)

ST

Present beach
st
deposits, 1
coastal
depression

1
coastal ridge
(10 m)
sand

Maryut sabkha
El Dekheila – Abu Sir
depression.
limestone
Calcareous

depression
Marly limestone

loamy deposits

MSL

Figure 3: Location of the shore parallel limestone ridges (inland and undersea ridges) (Source: after
Iskander et al., 2007)

Underwater
ridges

Ridge No.1. Youngest "Coastal"
Ridge.Ridge No.2. "El Max-Abu Quir" Ridge.
Ridge No.3. "Gebel Maryut" Ridge.
Ridge No.4. "Khasm El Eish" Ridge.
Ridge No.5. Oldest "Alam Shalutu-Alam El Afrag" Ridge.
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The coastal ridges are separated by elongated shallow topographic depressions. The Surface of
these depressions is almost flat to gently undulated with a gentle slop to the north. The elevation of
these depressions ranging between +30 m above sea level to about the mean sea level.
Generally, they act as collecting basins for the surface water runoff. Toward the shoreline, the ground
elevation of the depressions is generally near to sea level. Therefore, these depressions become
inundated with sea water and are consequently developed into shallow salt lakes or converted into
salt marshes where salt tolerant plants are widely distributed.
Three lagoonal depressions are alternating with the above mentioned ridges which are:
st

i)

the 1 "coastal" depression, is invaded by tidal sea water

ii)

the 2

iii)

the 3 "Mallahet Maryut" depression, lies between the second and third ridges. It's mainly
filled with brackish water and salt marches in which various saline deposits are present.

nd

"El Dekheila – Abu Sir" depression, is lying between 1 and 2

nd

rd

C) Piedmont plain
This plain occupies the area between the southern ridge and the tableland. The latter is defined by
low-lying cliff running in a NE-SW direction. In the area east of Maryut the piedmont plain is not
developed, wherease, due west, it's more wide and developed (Burg EI Arab, EI Alamein, Fuka, Ras
EI Hekma, Ras Alam EI Rum, Mersa Matruh and Salum). The surface of the piedmont plain is either
covered with thin layer of alluvial and sand deposits (aggradational) or degraded and appears as
rocky surface.

Tableland
It's termed "Maryut Tableland" lies south of the coastal plain and extends southwards to join gradually
El Diffa Plateau and its extension. It has a maximum height of about +110m. Two inland ridges show
in this tableland. The northern one is "Khashm El Eish" ridge which extends from west of Maryut to El
Alamin, while the southern one is "Alam Shaltut – Alam El Afrag" ridge.

Aggredational Depressions
a)Abu Mina Basin: this basin drains the tableland surface from the east and occupies an area of about
2
500km . it has an irregular relief varying between +10 and +50m, which generally slopes to the
northeast.
b)El Marbat Valley: it lies to the south of Abu Mina basin and it also darins the tableland surface from
the east.

Deltaic plains
a)Modern deltaic plain: lies between Abu Mina Basin to the west and Rosetta Nile Branch to the east.
This geomorphic sector embraces part of the fertile land of the Nile Delta. The surface is generally flat
and gently sloping northwards with its altitude ranging from +20 to +30m.
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b) Old deltaic plain: lies south of the modern deltaic plain and occupies the area north and east of
Wadi El Natrun. The ground elevation varies between +60m near Wadi El Natrun to +20m in the
vicinity of Nile Delta. Eolian sand and fluviatile sheets are frequent within this plain.

Brackish lagoons(Lakes)
2

a) Maryut lagoon: in north western Alexandria. It covers about 67km , containing brackish water. The
water depth ranging between 0.9-1.5 meters. There is no connection between this lagoon and
Mediterranean Sea. The level in the lagoon is kept at about 2.8 meters below Sea level
2

b) Idku lagoon: located about 30 km east of Alexandria and occupying an area of 31km . It represents
the smallest brackish lagoons of the River Nile.

Figure 4: Geomorphologic units to the west of Alexandria

Piedmont plain

2. Main stratigraphic units
The exposed rocks in the northwestern Mediterranean coastal zone are entirely of sedimentary origin
ranging in age from Early Miocene to Holocene with a maximum thickness of about 200 m (Atwa,
1979). The surface deposits in the study area belong essentially to the Quaternary. To the extreme
west of the area, as well as in the neighborhood of Wadi El Natrun, Tertiary Pliocene deposits of both
marine and estuarine origin represented by limestones, sand and gypsies clays are reported in
addition to Holocene, Pleistocene and Miocene rocks. From top to base, the distinguished units are
presented as follows:
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Holocene deposits
A) young littoral deposits
i-

Present beach deposits: occupy a narrow strip extending along the present beach. To
the west away from Rosetta, the beach deposits consist of a mixture of both quartz
sand and carbonate sand and decreasing of heavy mineral ratio. West of El Dekheila,
the beach sands consist of loose carbonate, oolitic in texture, white, well polished with
shell fragments of recent gastropods and lamellibranches.

ii-

Coastal lagoonal deposits: recognized in the depression between "El Max- Abu Quir"
ridge and "Gebel Maryut" ridge. They are particularly developed around Idku and
Maryut lake. They are built up essentially of evaporates and clays usually mixed with
quartz sand and silt.

B) Young terrestrial deposits
i)

Inland lake-like deposits: comprise the mud flats occupying the northern extremity of
the modern deltaic plain in the vicinity of Idku lake

ii)

coastal dune sand deposits: present along the shore line to the west of El Dekheila,
23km west of Alexandria built up of unconsolidated carbonate sand. They also be
recognized in the east of El Buseili near Rosetta.

iii)

Inland dune sand deposits: particularly developed along Cairo – Alexandria desert
road (El Tahrir Province). They are genrally arranged under the influence of the
prevailing wind into NW-SE direction and built up of fine to coarse rounded quartz
sand

iv)

Alluvial deposits of desert wadis: loamy deposits consist of calcareous and sandy
loamdeveloped in the shallow depressions alternating with detrital limestone ridges.
They are represented in the area of Abu Mina basin (15m) thick as well as El Marbat
valley.

v)

Desert crusts of chemical origin: consist of calcareous crust , salt duri-crust and
young deltaic deposits. Cap the top most parts of the tableland surface,inland Alam
Shaltut Alam El Afrag ridge and abundant along the coastal lagoonal clay and sand of
Idku and Maryut lakes.

Pleistocene deposits
A) old littoral deposits
i)

inland lagoonal deposits: particularly developed in the depressions(El Marbat valley,
Abu Mina basin, south of Gebel Maryut ridge and El Gharbaniat area)

ii)

Cardium limestone: to the south of Gebel Maryut and composed of sandy oolitic
limestone with remains of Cardium Pelecypoda.

iii)

Old beach deposits (limestone ridges): represented by series of the consequent
limestone ridges and built up of detrital limestone with terrigenous quartzitic materials
increase southwards.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 340
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

B) Old terrestrial deposits
Within these fluviatile deposits 2 types of gravels could be differentiated: old gravels on the top of
Gebel El Hadid as well as on the peripheries of Wadi El Farigh and Wadi El Natrun and young gravel
and sand which are recognized along Cairo-Alexandria desert road covering the surface of the
approaches of Wadi El Natrun-El Ralat depression

Tertiary Deposits
A) Pliocene
El Hagif (Kalakh) Formation: grayish white calcareous sandstone at the base o, followed by white
chalky limestone with sandstone intercalations and gypsum bed. It reaches a thickness of 30 meters
at the type locality. It overlies Marmarica Formation along the western Mediterranean coastal area. It
underlies the oolitic calcarenite bars of the Pleistocene (Alexandria formation- Issawi et al. 1974).
A pseudo-oolitic, conglomeratic hard siliceous sandy limestone bed of the upper part of El Hagif
Formation section extends widely along the west Mediterranean coast with Gastropoda beds at the
top (Tag El Deftar, 1967).

B) Miocene-Pliocene
Mikhemin Formation: gray to yellowish gray conglomerate and conglomeritic sandstone, it underlies
El Hagif formation and overlies unconformably El Moghra Formation (Lower Miocene).

C) Lower Miocene
Moghra Formation: Deltaic to estuarine marine sediments, reefal and open bay at top. Mainly clastics,
fine to medium grained with minor carbonate beds with thickness about 200 m. It underlies
conformably. Geological Structures are presented by perpendicular fault systems as well as
unconformities.
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Table 1: Stratigraphic Section of the North Western Coast of Egypt (West of Alexandria)

Thickness
Age

Sediments

I-Beach deposits: Calcareous oolitic sand, loose white. Fine,
containing foraminifra, shell fragments.

Variable

II- Dune sand accumulations: These are composed of white
carbonate sand or pink Quartz sand developed both along the
coast as well as on the

up to 15m

III- Alluvial deposits: Essantially calcareous loam formed in
different physiographic environments (which include the tableland
surface, the slopoe, the pediment plain and the depression are as)
soft to compact, light brown, fine to coarse, mixed occasionally
with rock fragments.

max. 10m

IV-Limestone crust: Crypto crystalline limestone, locally
intercalated with calcareous loam, hard, light brown to dark brown,
containing shells of land snails

up to 1m

V-Lagoonal deposits: Interbedded gypsum& clay, the gypsum is
pure crystalline and the clay is gray calcareous

max. 1.5m

I- Alluvial Terraces: Composed of calcareous loam mixed with
cobbles, pebbles quartez sand, shells and fragments.

max. 7.5m

II- Oolitic limestone: Hard to medium white to grayish white, oolitic
and pseudo-oolitic grains mixed with quartez grains foraminifra,
shell fragments.

up to 50m

III- Coquina limestone: These are composed of sandy limestone
rich in cardium edula. Pink limestone: These are composed of
deterial limestone, contaminated with molds of terrestrial
gastropods and interbedded with calcareous mud.

up to 25m

MIOCENE

Unconformity

MIDDLE

TERTIARY

QUATERNARY

PLEIESTOCENE

HOLOCENE

(m)

I- The limestone zone: This zone occupies the major part of the
surface and subsurface section. It is composed of chalky, marly
and sandy limestone, sandy clay, hard weathered, to very hard,
yellowish gray and green richily fossilferous espacially with
pectens, oysters, gastropods and echinoids.

up to 90m

II- The Shale zone: This zone is gray green, salty, gypsiferous,
medium hard, and sticky when wet, base not exposed

15m
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3. Results of Simulations Using the AASTMT Digital Elevation Model
Regarding the following figures, the coverage area is estimated as 30640.3132 hectares from
Alexandria governorate of the lands elevated below or equal 30 cm from the MSL. While the coverage
area exceeded for the lands elevated below or equal 50 cm from the MSL.

Figure 5: Area less than or equal to 0.3m above sea level, with area of: 30640.31 hectare from
Alexandria governorate.
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Figure 6: Area less than or equal to 0.5m above sea level, with area of 31351.27 Hectares from
Alexandria governorate
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Appendix 3 – Monitoring of historical land motion in the city of Alexandria
In the framework of the present study, and thanks to the involvement of the European Spatial Agency
ESA (programme on Earth Observation Market Development), it was possible to generate recent land
motion mapping over the whole city of Alexandria, by exploiting long-term archive of ESA Radar
sensors (e.g. ERS/SAR, Envisat/ASAR) through the “Persistent Scatterer Interferometry” (PSI)
technique. The study was carried out by the ALTAMIRA Information Company, in 2009.
The whole ALTAMIRA’s report is presented hereafter.
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Appendix 4 – Seismicity and Tsunami Related Data
1. Location of Alexandria with Respect to the Main Structural Faults
This tectonic system is a shallow structure dominating northern Egypt and the northern Red Sea and
affecting only the sedimentary crust. The part located in Egypt around the Nile Valley and Red Sea is
the extension of the Najd Fault system in Saudi Arabia. Orientation and rate of relative plate
movements are indicated in the figure below.

Figure 1: Tectonic setting of northern Egypt and Libya in plate tectonic framework of the eastern
Mediterranean (Source: El Sayed and Wahlstriom, 1996)

Along the South-Eastern Mediterranean, the African passive margins are thought to have been
initiated in Mesozoic times, in response to the rifting processes that have led to the creation of an
oceanic space located between southern Eurasia and Africa; the Eastern Mediterranean Sea
(Guiraud and Bosworth 1999). Recently, this oceanic deep is consumed because of the subduction of
the African plate beneath southern Europe combined with a southwestward-directed motion of the
Aegean-Anatolia plates. The variety of the crustal structure of the subducting seafloor and the arrival
of various bathymetric irregularities into trenches disrupts the subduction process. Hence, a part of
the motion between the African plate and the plate to the north may take place by intra-continental
deformation within the African plate in the form of active faulting along the African margin (BenAvraham and Nur 1986).
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Active tectonics along the African margin is evident from the location of scattered small-to-moderate
magnitude events. The African plate is moving to the north direction relative to Eurasia at a rate of 6
mm/year in the western part of the Mediterranean domain (McClusly et al. 2000). Meanwhile, at the
eastern part of Mediterranean domain, the Aegean plate moves to the southwest relative to Eurasian
plate with much higher rate (30 mm/year; Kahle et al. 1998). This relatively higher rate of
convergence along the Hellenic arc with respect to the northward motion of the African plate will
cause southward movement of the arc (Sonder and England 1989). The southeastern side of the
Aegean plate rotates counterclockwise and moves toward the SE relative to the southwestern Aegean
side (McClusly et al. 2000). Rapid motions in the SE Aegean (or Hellenic) arc are a response to rapid
sinking of the downgoing plate and allow the arc to override more easily the African plate, which
explains the high seismicity of the southeastern side of the arc. Geodynamic mechanisms presented
by Doglioni et al. (2002) showed that, Aegean plate overrides the African plate faster than the Cyprus
and Anatolian plates. Based on earthquake focal mechanisms, neotectonic field observations and in
situ stress measurement, the stress field reflects a dominant compression along the convex side of
the Hellenic Arc trending NNW–SSE (Badawy, 2005). Toward east, the Mediterranean oceanic crust
is being subducted beneath the Florence rise at the western part of the Cyprean arc (Jackson and
Mckenzie 1984). The earthquakes whose depths are well determined confirm the existence of seismic
zone dipping to northeast beneath the south coast of Antalya Bay (36°N, 31°E) in Turkey and
continues southeast beneath the Florence rise towards Cyprus (Pilidou et al. 2004). Meanwhile, the
central and eastern segments of the Cyprian arc show a continental collision as indicated by intensive
shallow deformation and shallower depth earthquakes (Arvidsson et al. 1998).
Pilidou et al. (2004) combined the previous global positioning system (GPS) relative motion results
between Turkey-Eurasia and Africa-Eurasia (McClusky et al. 2000; Sella et al. 2002) and indicate a
SW relative motion to the south of Florence Rise. However, the embedding collision of the African
continent with the European continent is manifested locally on land as compressional zones in
northeastern Algeria and in the western Mediterranean Sea from Atlas Mountain in Algeria eastward
to Sicily (Robert et al. 1997). A slight effect of compression is also observed in northeastern Libya
along the southern flank of Jebel Al Akhdar, which is in contact with the Mediterranean Ridge. Jebel
Al Akhdar is probably bounded on the north by steep reverse faults, which raise the Cretaceous rocks
up to the surface.
Integrated interpretation of seismic lines, available well and surface data for gas exploration off the
shore of the Nile Delta indicate the existence of two main fault trends, the E–W to ENE–WSWand
NW–SE (Abdel Aal et al. 1994; Mosconi et al. 1996). The first trend is mainly north-throwing normal
faults associated with the opening of the Tethys Sea, whereas the second was generated as
extension faults parallel to the NW–SE convergent movement during the closing of the Tethys Sea on
Late Cretaceous–Early Tertiary time. Changes in the stress regime caused the structural style of
some features to be changed through time. This is indicated by the reactivation of the E-W to ENEWSW normal faults, as reverse faults or reverse faults with strike slip components often preserve the
higher part of the pre-existing extensional features (Mosconi et al. 1996).
The Suez rifting episode (Late Eocene–Late Miocene) with predominant NE-SW extension activates
the NW-SE extensional faults. However, the NNE Aqaba-Dead Sea sinistral movement (Late Miocene
to Recent) deactivates the Suez Rifting effects along the northern part of Egypt and the offshore area.
Meanwhile, it activates some of the pre-existing NW-SE faults as high-angle reverse faults keep their
extensional surface outcrops (Mosconi et al. 1996).
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Figure 2: Tectonic boundaries and shallow seismicity pattern (h≤60 km) of the Eastern
Mediterranean Region (Source: Abou Elenean and Hussein, 2007).

AEG = Aegean Sea; Al = Alexandria City; CY = Cyprus; ERA = Eratosthenes Seamount; FL = Florence; IB = Ionian Basin; MR
= Mediterranean Ridge; LEV = Levantine Basin; LF = Levant Fault; RA = Ras El Hikma Village; MA = Marsa Matruh City; JAK =
Jebel Al Akhdar. Diamonds indicate the localities of the onshore cities closer to the event. Dashed heavy line beneath RA and
MA indicates the extension of Makris et al. (1979) deep seismic profile.

The earthquake activity along the NE African margin is scattered and extends from northern Sinai to
Cyrenaica (Northeastern Libya). Scattering may be related to the low location accuracy and the
insufficient coverage of recording stations along the NE African coast. The focal depths of the
earthquakes in this region are within the crust (<40 km).
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Table 1: Crustal structure along the northwest Egyptian coast (Source: Makris et al. 1979)

Thickness
Km

VP km/s

VS km/s

ρ gm/cm3

7

4.5

2.52

2.6

11

6

3.37

2.8

12

6.5

3.65

3

8

4.49

3.2

2. Description of Major Seisms
The information about the earthquakes since antiquity period until 21st century have been collected
from different sources such as:
•

INGV-SGA (Instituto Nazionale di Geofisica e Vulcanologia) catalogue of ancient earthquakes
th
in the Mediterranean area up to 20 century,

•

INGV-SGA (Instituto Nazionale di Geofisica e Vulcanologia) Catalogue of earthquakes and
th
th
tsunamis in the Mediterranéean area from the 11 to the 15 century,

•

NGDC-NOAA The Significant Earthquake Database contains information on destructive
earthquakes from 2150 B.C. to the present,

•

USGS/NEIC (catalogue PDE) earthquake 1973 to Present.

Moreover, several publications relating specially to Egypt were consulted. The main references are
quoted in the text hereafter.
The earthquake affected a large variety of structural systems. The severity of damage is a function of
the type and age of the structure, quality of workmanship and material, and local soil conditions.
Alexandria city has experienced about 25 damaging earthquakes spanning the time period 320 to
2000 (El Sayed & Walhström, 1996). Nine of these earthquakes are located offshore of Alexandria.
The magnitudes of these local earthquakes are moderate (Ms = 6.7), nonetheless they were felt with
intensities reaching IX in MSK scale. In general, the duration of shaking in Alexandria from such
offshore earthquakes doesn’t exceed a few (2-3) seconds. The other 14 earthquakes were located
mainly in the Eastern Mediterranean region (i.e., Hellenic Arc). These earthquakes have relatively
large magnitudes, Ms = 7.8. The observed intensity from such remote earthquakes in Alexandria
extends to VI. These remote earthquakes were generally felt in Alexandria for about 3 minutes or
more. The most severe damage in Alexandria was related to events located in the Eastern
Mediterranean. Some of these quakes (e.g., the event of 320) triggered a destructive tsunami that
destroyed more than 50,000 houses (one third of the city) and killed 5,000 people in Alexandria.
Historical and recent reports indicated that the events which are located as far as the Red Sea and
Gulf of Aqaba are felt in Alexandria but don’t cause any damage. The recent examples of 1969 (Ms =
6.9) and 1995 (Ms = 7.3) in the northern Red Sea and Gulf of Aqaba, respectively, were felt in
Alexandria with intensity (III–IV) but caused no damage. Unfortunately, the reported intensity data for
Alexandria are insufficient to study their return periods.
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Table 2: The most well recorded earthquakes occurred in Egypt in the last Century

Date

Hour
time

location
Name

Lat.

Long.

Focal
depth

Magnitu
-de

Earthquake
effects

(Richter)
26/6/1926

Not
defined

Lower Egypt

30

23

-

-

12 deaths

12/9/1955

6:09AM

Mediterranean

32.2

29.6

-

6.7

22 deaths

12/9/1955

6:09AM

Mediterranean

32.5

29.6

-

6.5

20 deaths

12/9/1955

6:09AM

Nile Delta

32.2

29.6

-

6.3

18 deaths

31/3/1969

7:15AM

BeniSouef, Cairo

27.7

34

33

7.1

2 deaths

14/11/1981

9:05AM

Aswan

23.7

32.6

10

5.3

Not estima

12/10/1992

13:09

Cairo

29..8

31.1

22

5.9

561 deaths

PM
12/10/1992

13:10:55
PM

Cairo

29.8

31.1

22

5.3

552

22/11/1995

4:15:12A
M

Aqababay,
Nuwayba

28.8

34.8

10

7.2

12 deaths

24/8/2002

20:01:18
PM

Cairo

30.2

31.4

10

4.4

Not
estimated

(Source: National Geophysical Data Center (NGDC, USA).

The locations of earthquakes occurred in the last 10 decades were distributed within all Egypt as
shown in Table 2 (NGDC, USA)
Figure 3 shows the contemporary events. Seven damaging earthquakes occurred in the eastern
Mediterranean in the two last decade, among them:
- The fatal seism of 1992 (Mb 5,4 magnitude) localized in the gulf of Suez caused the death of 561
people and considerably damaged Cairo area.
- The 1995 earthquake with magnitude Ms 7.2 that occurred in the central Gulf of Aqaba region
caused damage in nearby communities as well as Egypt and was felt for more than 700km.
- The 1998 earthquake, which has been made the subject of various studies.
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Figure 3: Distribution of earthquake epicenters near Alexandria: within the period 1900–2000. Star
represents the destructive events. () denotes, the sites location

Magnitud
e
0 < 5.0
 5.0-5.4
5.5-5.9
6.0-6.4

The 1998 earthquake
The 1998 earthquake is considered the largest well-recorded event along the Egyptian offshore area. On May 28,
1998 a moderate size earthquake (mb=5.5) occurred along the African margin to about 250 km northwest of
Alexandria (31.45°N, 27.65°E). It is composed of tw o subevents separated by 4 sec. The first subevent initiated
at a depth of 28 km and caused a rupture of strike (347°), dip (29°) and slip (125°). The second subev ent
occurred at a shallower depth (24 km) and has a relatively different focal parameter (strike 334°, dip 60° and slip
60°).The maximum intensity (VII MM) was assigned at Ras El-Hikma village (∆50 km) to the south of the
epicenter (Hassoup and Tealeb 2000). Ground fissures trending NW–SE were observed along the beach. These
fissures were observed only on unconsolidated sedimentary deposits immediately after the quake. Hassoup and
Tealeb (2000) assigned intensity of V–VI at Alexandria City. In Alexandria there were no reports of damage.
Some people left their houses; the windows rattled and hanging objects swung. The event was felt as far as
Nicosia (Intensity II-MM). The 1998 event took place southeast of the folded arc forming the Mediterranean Ridge
where the sea floor is occupied by deep sea fan of the River Nile and Herodotus Basin. Moreover, Eratosthenes
Seamount occupies the eastern part of the margin. The presence of these elements belongs to the convergent
plate boundary where the African plate is being subducted northward south of the Aegean Sea plate along the
Hellenic Arc, its continental extension, and the central and western parts of the Cyprean Arc (Mart and Robertson
1998; Papazachos et al. 1998). The focal mechanisms of two earthquakes (12 September 1955 and 9 June
1988) with magnitudes mb= 6.1 and mb= 4.7 respectively, located offshore of the continental margin north Egypt
and close to the 1998 event show either reverse fault or reverse fault with strike-slip component (Abou Elenean
1993). Abou Elenean and Hussein, 2007 estimated the source depth, source time function, and seismic moment.
This focal depth indicated a lower crustal origin earthquake, which reflects deep-seated tectonics rather than
sedimentary or salt tectonics.
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There is a transition from a dominant tension along NE Africa to a dominant compression towards the
Mediterranean Sea through the transition zone between the continental-oceanic crusts. Recent studies by
Taymaz et al. (1990) and Pilidou et al.
(2004) indicated that some of the focal mechanisms for events located to the south-southeast of Crete,
Mediterranean Ridge, and southwestern Cyprus, with focal depths ranging from 20 to 70 km reflect an E–W
shortening of the subducted plate rather than NNE deformation on the uppermost sedimentary layers, for reasons
that are not clear.
The most likely interpretation of the 1998 earthquake mechanism is that the high rate of southwest movement
along the Hellenic and Cyprean arcs consuming boundary, rather than the relative northward motion of the
African plate itself, requires southward motion of the arcs relative to Eurasia. Another probable interpretation is
the lateral variation of the crustal structures (thickness and type) and the arrival of various oceanic plateaus that
disrupt the subduction process caused a dominant transpression of the African lithosphere to the south that could
reactivate some of the pre-exiting faults. This stress regime might extend south to the transition zone between
oceanic and continental crusts (Source: Abou Elenean and Hussein, 2007).

El Sayed and Korrat studied the relationship between the intensity, MSK scale (I), and distance (r)
and magnitude (M) to establish the intensity-distance attenuation relationship as maps. The reported
intensity maps have in general an oval shape for their iso seismal lines with its long axis running
along and/or toward the Nile Valley and its Delta. This phenomenon might be due to the distribution of
population in Egypt and/or the existence of soft sediments within the Nile graben. The reported
intensity maps for the events of 1926, 1955 and 1969 show a fast intensity attenuation to the east and
west directions. On the other hand, towards the south (along the Nile Valley) intensity was attenuated
very slowly.
Consequently, to predict the intensity at any point its azimuth (the site location with respect to the
shock-generating fault) must be considered.

Figure 4: Synthetic intensity maps for the events of Alexandria 1955
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Figure 5: Compilation of several databases, location of the historical and contemporary earthquakes
around Alexandria

Figure 6: Seismicity of Egypt, from 1990 to 2006
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The spatial distribution of the earthquakes epicenters (Figure 5) shows that there are areas of very
intense (e.g., plate boundaries) and others of low (e.g., offshore area) activities. The complex stress
regime resulted in damaging earthquakes that had occurred in the vicinity of Alexandria. Some of
these damaging earthquakes are apparently missing. As an example, the damage in Menouthis and
Herakleion is more likely caused by an earthquake (which is not known yet) (Elsayed, 2004). This
hypothesis is supported by:
(1) The collapsed columns are falling down in the same direction NE-SW
(2) The presence of coins and jewelry suggest a sudden collapse
(3) The sharp sand grains in the bottom of Abu Quir Bay reflecting active tectonic environment
(4) The Cairo-Alexandria fault system (NE-SW) is passing by the area and recently generated
frequent moderate earthquakes. This does not exclude the possibilities of land subsidence as
suggested in the STANFORD REPORT (2000).
The coupling between the long duration of shaking and the unconsolidated water saturated soft
sediments may cause liquefaction and thus increase the level of risk. Such phenomena (liquefaction
and land subsidence) were observed in the area after the event of 1926 and 1998. As can be seen,
the seismic hazard is relatively high in Alexandria. e.g., the area just in front of Alexandria represents
a spot of activity that produces frequent moderate (Ms = 6.7) earthquakes.

3. Results of Various Studies about Seismic Hazard Assessement
The Egyptian territory was the subject of several research works on seismic hazard assessment, and
their principal results are indicated hereafter.
3.1. Seismic hazard in Egyt El Sayed, Wahlström & Kulhanek (1994)
Within the framework of a probabilistic hazard assessment, El Sayed & al. (1994) distinguish 2 major
seismic zones in Egypt: the Gulf of Suez, and the rest of Egypt (Figure 7).

Figure 7: Mean return periods for earthquakes in the Gulf of Suez (solid line) and the other active
zones in Egypt (dashed line), (Source: after El Sayed & al. 1994)
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Concerning the Gulf of Suez:
-

The maximum magnitude is about 6,5 ± 0,4, the return period would be 210 years.

-

The return period of a seism with magnitude 5 would be 10 years,

-

The return period of a seism with magnitude 5,5 would be 30 to 40 years.

Concerning the rest of the Egyptian territory:
-

The maximum magnitude would be approximately 6,1 ± 0,3, with a return period of about
1700 years.

-

The return period of a seism with magnitude 5 would be 20 years,

-

The return period of a seism with magnitude 5,5 would be 100 years.

The Alexandria area is in this second zone.

3.2. Distribution of the Energy Release, b-Values and Seismic Hazard in Egypt by El
Sayed & Wahlström (1996)
By taking account the whole of the seismic intensities felt and known in Egypt (nearfield and farfield
seismic sources), El Sayed and Wahlström (1996) allocate to the area of Alexandria an intensity MSK
about V to V-VI with 80% of chances of supervening for one return period of 94 years (equal to the
observation period). For one return period of 900 years, they estimate that the maximum expected
intensed to occur is near VII to VII-VIII.

Figure 8: Distribution of the maximum expected intensity (MSK scale) to occur in a time period of 94
years with a probability of 80%. (Source: after El Sayed & Wahlström, 1996)
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3.3. Deterministic seismic hazard in Egypt, El Sayed, Vaccari & Panza (1999)
In a deterministic seismic hazard assessment in Egypt, El Sayed & al. (1999) estimated the Design
Ground Acceleration’s (DGA) value as a possible maximum value. The evaluation is based on the
catalogues of historical and instrumental seismicity, the characteristics of the strongest seism known
in each individualized seismic zone, and on geological knowledge of the crust and the cover. For the
Alexandria area, El Sayed et al. (1999) indicate a value of DGA between 0,15g to 0,3g for the coastal
plain of the country of the Nile delta, and only until 0,02g in the south of this coastal zone, Figure 9.

Figure 9: Distribution of the computed design ground acceleration, DGA.

(Source: after El Sayed & al., 1999)

3.4. GSHAP, Global Seismic Hazard Assessment Program (1999)
Project GSHAP, Global Seismic Hazard Assessment Program, started in 1992 and were completed in
1999. It was supported by the ICSU, International Council of Scientific Unions and was carried out
within the framework of work of UN/IDNDR, International United Nations Decade for Natural Disaster
Reduction. The results of GSHAP relate to several international projects that allowed the
establishment of a world chart of seismic hazard (< http://www.seismo.ethz.ch/GSHAP/>). The chart
of seismic hazard world indicates maximum acceleration (peak ground acceleration, PGA in m/s²)
likely to be reached during one period of 475 years (or 10% probability of exceeding in 50 years),
Figure 10.
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Figure 10: World seismic zonation expressed in peak ground acceleration (m/s²), results of the
GSHAP programme (1999)
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Figure 11: Map of seismic hazard for the near east region expressing peak ground acceleration (PGA)
expected at 10% probability of exceedance in 50 years produces GSHAP project (1999).

3.5. Project SESAME (2001)
After the GSHAP project, SESAME (UGS-UNESCO IGCP-382 project “Seismotectonics and Seismic
Hazard Assessment of the Mediterranean Basin”) developed and completed a more detailed,
integrated seismic source model and homogenous hazard mapping for the Mediterranean region
(Jimenez et al., 2001). The strategy was based on the integration of regional and national models
(according to tectonic, geophysical, geological and seismological data). A unified seismogenic source
model for the Mediterranean basin, each zone is characterized by the magnitude – frequency
parameters and the maximum expected magnitude through which expected ground motion is
computed based on an appropriate attenuation relationship.
For Egypt, the results found by GSHAP and SESAME are very closed. Concerning the map of PGA
calculated for one period of 475 years (what corresponds to a probability of occurence of 10% in 50
years or, less than 5% in 20 years), the values found for the Alexandria area are between 0,06g and
0,1g.
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Figure 12: Seismic hazard map of the Mediterranean region depicting PGA on stiff soil in g units for a
10% probability of exceedance in 50 years (Source: SESAME project, from Gimenez & al., 2001).

3.6. Seismicity and Seismic Hazard in Alexandria (Egypt) and its Surroundings, by El
Sayed, Korrat & Hussein (2004)
El Sayed et al. (2004) specify the work of 1999 for the area of Alexandria. They estimate that for
offshore sources (approximately 100 km of Alexandria), seisms’ magnitude can reach 6,7 (Ms) and
produce 0.3g as maximum acceleration value near the coast. According to Panza and al.’s (1999)
conversion table, El Sayed et al. (2004) estimate that the value of 0,3g corresponds to intensity VIIIIX. Penalty
3.7. Modelling of seismic hazard for the El-Dabaa area, Egypt by El Adham and El
Hemamy (2006)
El Adham and El Hemamy (2006) propose a new evaluation of the probabilistic seismic hazard.
Concerning the zone of Alexandria, the maps indicate a value of PGA with a 90% probability of not
being exceeded during a time interval of:
-

400 years, possible maximum PGA close to 0,14g-0,17g,

-

100 years, a value of PGA close to 0,12g - 0,15g,

-

50 years, a value of PGA between 0,07g and 0,1g
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Figure 13: Peak ground acceleration with a 90% probability of not being exceeded for various
periods of time (Source: after El Adham and El Hemamy (2006)

A - Peak ground acceleration with a 90% probability of not being exceeded in the next 50 years

B - Peak ground acceleration with a 90% probability of not being exceeded in the next 100 years

C - Peak ground acceleration with a 90% probability of not being exceeded in the next 450 years
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4. Major Tsunami Events Recorded
The main epicenters of the tsunamigenic earthquakes in the eastern Mediterranean region as well as
the coastal locations where at least one tsunami wave was reported are plotted in Figs. 14 and 15.

Figure 14: Epicentres of tsunamigenic earthquakes in the Cyprus-Levantine sea region (Source: after
Fokaefs & Papadopoulos, 2007)

Figure 15: Coastal locations of the Cyprus-Levantine Sea region where tsunami waves were reported.
(Source: after Fokaefs & Papadopoulos, 2007)
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Figure 16: Compilation of several databases, location of the historical and contemporary events
around Alexandria (sources: catalogue NOAA"Run Up", catalogue Soloviev 2000)

The major events are documented in Soloviiev,2000, INGV-SGA(Instituto Nazionale di Geofisica e
th
Vulcanologia) Catalogue of earthquakes and tsunamis in the Mediterranéean area from the 11 to the
th
15 century:
•

92 B.C. tsunami with magnitude (ML 7.1) and with intensity III – IV (Syria, Egypt) occurred along
the Levantine coast

•

365, 21 July, eastern Mediterraneann, (The Hellenic Island Arc zone) on 70 hour, 8.0 minute:
-

Earthquake with magnitude probably between 8 to 8.4, occurred at latitude 35.30 and
longitude

-

25.70 followed by tsunami with source depth 70 and surface wave 8.0 affected Alexandria
coast. Ships in the harbor at Alexandria were overturned as the water near the coast
receded suddenly. The tsunami wave then rushed in and carried the ships over the sea
walls, landing many on top of buildings. In Alexandria, approximately 5000 people lost their
lives and 50000 homes were destroyed.

-

The surrounding villages and towns suffered even greater destruction. Outside the city,
45000 people were killed. In addition, the inundation of salt water rendered farmland
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useless for years to come. Evidence indicates that the area’s shoreline was permanently
changed by the disaster. It wasn’t until 1995 that archaeologists discovered the ruins of the
old city off the coast of present-day Alexandria.
•

746 (possibly 743,745), January 18. (The coast of the Near East): Latitude 35 and longitude
35.9 Levantian Sea, near east. A destructive earthquake in Syria. Ships were lost near the
coast, possibly because of a tsunami. Waves of this tsunami were observed in Lebanon and
Egypt (Sieberg, 1932a,b; Ambraseys, 1962; Ann. Bibl., 1964, Antonopoulos, 1980a).

•

881-882(the correct date is unknown, erroneously 811). (The coast of the Near East): A tsunami
in Palestine and in Egypt was observed according to certain data. A tidal wave was observed in
Akko. The sea level rose in Alexandria and ships were cast ashore. The Nile overflowed its
banks and washed ashore wooden barges moored at the river bank ( Tholozan, 1879; Willis,
1928; Sieberg, 1932a,b; Ann. Bibl., 1964)

•

1202 (possibly, 1222), May 22, morning (at sunrise). (The coast of the Near East):

•

-

Epicenter near Cyprus, Paphos, latitude 34 42 N, longitude 32 48 E, a destructive
earthquake in Palestine with its focus, possibly, near Nablus where no single wall remained
intact. The area where the earthquake was felt embraced all Syria, Egypt up to Alexandria
and more damage on the island of Cyprus. In Cairo, the earthquake was prolonged and so
strong that all citizens were afraid. Beams and roofs cracked, doors opened. Destruction
threatened buildings which were ramshackle or high or located on high places ( Sieberg,
1932a; Ambraseys, 1962, 1965b; Ann. Bibl, 1964).

-

It should be noted that the bathymetric features of the Nile Delta act as a natural barrier to
slow down tsunami waves at shallower depths (<500m) by refractions and diffractions of
sea waves if it's compared with anomalous sea wave heights in Alexandria. This could be
due to a deep basin and sudden shelf break clearly reflected in the bathymetry.

1303 or 1304, August (December) 8, morning. (The Hellenic Island Arc).
Epicenter near Crete, latitude 35 11 N, longitude 25 38 N, a catastrophic earthquake in the
eastern part of the Mediterranean sea. All buildings without exception in Cairo were damaged;
many houses and mosques collapsed. In Alexandria, the sea level rose, and it threw up a
French ship onto the coast, together with many fish and sea animals and fragments of the city
walls. The effects of coastal bathymetry and near shore topography are obvious along the
northern Africa coastline near Alexandria (Egypt), where the maximum wave height is c. 1.15m,
wherease at location of Libya it's c.85cm. The level of the Nile varied widely; ships sailing in the
middle of the river and lying at anchor were thrown up onto the banks 15m inland. The extent of
Nile Delta deposits on the Herodotus abyssal plain is in NE-SW trending elongated depression
zone bounded by c.3000m isobath lying seaward of the northwestern part of the Nile cone. (
Ambraseys, 1962, 1965a; Ann.Bibl., 1964; Caputo and Faita, 1982,1984, Yolsal et al., 2007).

•

1609, April, Rhodes, SE Agean Sea
Latitude 36 24 N, longitude 28 20 E, a very large earthquake caused tsunami waves affected
Rhodes and eastern Mediterranean coasts. It was felt also in various places in Egypt and Syria
coasts but further details are lacking. (Yolsal et al., 2007)

•

1863, March 22, 22 hour 15 minute. (The Hellenic Island Arc).
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A destructive earthquake occurred in the Aegean Sea. According to eyewitnesses it includes
two shocks; the second shock was the main one and lasted from 20s to 1min and had a wave
character with superposition of vertical vibration. The earthquake was felt in Alexandria, Suez in
the south. Two shocks were felt in Cairo; the second shock was stronger than the first one and
was accompanied by underground rumble. Doors and windows vibrated, walls cracked, citizens
were afraid and many of them spent the night in the street ( Perrey, 1865).
•

1870, June 24,18 hour +/- 1hour. (The Hellenic Island Arc).
A powerful earthquake occurred in the vast territory in the eastern coastal area of the
Mediterranean Sea. Three shocks were noted in Alexandria at 18hour 25 min which seemed to
be directed from south-east to north-west and were accompanied by hollow rumble. The first
shock of duration 7-8 seconds was the weakest one; the second shock occurred several
seconds later and was the strongest one. Damage wasn't great. The strong shocks were felt in
the sea and in the port where ships underwent severe shocks. Three shocks about 5sec long
each were also felt in Ismailia at 18 hour 25min but they were very strong. Three shocks
occurred in Cairo at 18h 30m. The first one was very weak and only a few inhabitants noticed it.
A very strong shock accompanied it 2min later and the third one that caused panic, came
immediately after it. The water in the new port of Alexandria splashed out onto the quay. This
fact supports reports that earthquake was accompanied by tsunami waves (Ambraseys, 1962;
Karnik, 1971).

•

1908, December 28, 05hour 20 min. (Calabrian Island Arc).
The focus of the earthquake was located under the bottom of the Strait of Messina; its
magnitude was 7. Geodetic measurements before and after the earthquake showed that it
resulted from graben-like roughly half a meter subsidence of the Strait of Messina. The tsunami
began almost immediately after the earthquake was finished. According to other data, there was
a time interval of approximately 10min between earthquake and tsunami. The rise of water
decreased slowly toward the south and toward the east of the Strait. There exists evidence that
noticeable tsunami waves reached the shore of Libya and western shore of Egypt where they
were observed in the region of Alexandria. Certain local increases of the rise of the water level
could be due to splashes due to rockfalls and landslides.
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Appendix 5 – Coastal Erosion and Submersion Related Data
1. Geology and Geomorphology of the Alexandria Area
Except the erogenous Nile deposits in the eastern parts of the governorate near Abu Quir, Alexandria
has been recognized as a carbonate province. The carbonate province is characterized by a series of
long (some >100 km) carbonate rich ridges, which are parallel to the Mediterranean coast (Stanley
and Hamza, 1992). The number of ridges reported by various workers varies from 8 to 10. These
ridges are running nearly parallel to the coastline alternating with shallow depression areas. The
following paragraphs provide a brief review about the topographic and geological characteristics of
three main ridges. They are the coastal ridge, Abu Sir Ridge and Gabel Maryut Ridge.
The coastal ridge parallels the shore from Alexandria westward to about 30 km east of Libyan border
(see Figure 1). The eastern part of this ridge disappears near El-Max west of Alexandria. This snow–
white ridge is characterized by a marked decrease in elevation eastward. This decrease is from about
10 meters above sea level in its western part to complete disappearing just east of Agamy. Within the
governorate, the elevation of this ridge above sea level ranges from nearly zero at the east boundary
to about 4 meter at the western boundary.
Abu Sir Ridge is almost parallel and landward of coastal ridge. This ridge extends from Abu Quir,
passing the study area, to the town of Sallum near western border of Egypt. It is the ridge on which
Alexandria has been built. This cream–colored limestone ridge is characterized by decreasing
elevation eastward, from average of 25 meters at the west to about 6 meters at Abu Quir. Within the
governorate, the elevation of the ridge ranges from about 6 meters to 35 meters above the sea level.

Figure 1: Map of the western Mediterranean coast of Egypt including Alexandria showing location of
the Alexandria region and the shore-parallel
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Figure 2: General topography of Alexandria indicating parallel ridges and tunnels

Gebel Maryut ridge lies on the south of Abu Sir Ridge and is almost parallel to it. This greyish yellow
to light brown ridge is characterized by elevation ranges from 20 to 30 meters.
The coastline of Alexandria can be divided into three sectors based on the main physiological
character: resort beaches to the west of Alexandria beginning at El Agami, the Western Harbor
basins, and the resort beaches from El Silcila to the Abu Quir headland (cf. Figure 3) These sectors
are separated by major headlands at El Agami, QaitBey, El Silcila, El Montaza and Abu Quir. The
west coast of Alexandria is characterized by straight, carbonate-sand beaches of variable width.
The coastline between El Silcila and El Montaza constitutes a major natural asset for the region’s
summer resort industry. This zone is divided into a series of discrete sedimentation sub-cells, with
beaches confined between pronounced headlands and embayments ranging between 0.3 and 3.5 km
in length. Geo-morphologically, Alexandria is built on a narrow coastal plain consisting of Pleistocene
carbonate shore-parallel ridges (cf. Figure 2). Beach and seabed sediments are derived primarily from
the adjacent Pleistocene limestone ridges located along the western coast of Alexandria, and the
local rocky limestone outcrops forming Ridge #2 (Abu Sir). The coastal plain of Alexandria represents
the most eastern part of Ridge #2 (Abu Sir) which has been assigned a “main Monasterian” age
(Shukri et al. 1956). The ridges run parallel to the coast in the backshore and in upland areas from
Alexandria to Sallum on the Egyptian/ Libyan border. They increase progressively in elevation from
~10 m along the coast to ~100 m some 40 km inland (Shukri et al. 1956). They also extend
underwater down to a maximum depth of 20 m across the inner continental shelf of the Arabs Gulf
between Alamein and Alexandria (Lindell et al., 1991) and off Alexandria coastline (Frihy et al., 2004).
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The origin of these ridges is twofold: marine, such as offshore bars and beach deposits and eolian
(Fourtau 1893; Shukri et. al., 1956; Said et. al. 1956; Butzer 1960; Lindell et. al. 1991). The coastal
plain is backed to the south by various land-use units including urban areas, lake Maryut, inland
depressions, desert, and agricultural land (Shukri et al. 1956; Warne and Stanley 1993).
The continental shelf of Alexandria and its western region up to Marabella is relatively narrow,
approximately ~15-20 km, with an average shelf break depth of 100 m. This coastline is considered
as a principal public resort beach in this region. The coastline is oriented SW-NE and is interrupted by
a pronounced series of headlands separating embayments, bays and smooth beaches together with
three main harbors (Dekhiela, Western and Eastern Harbors) (Frihy et al. 2004). The littoral cell in
general is defined as a cell containing a complete cycle of littoral transportation and sedimentation,
including sources and sinks of sediment and transport paths (Inman and Brush, 1973). Two main
littoral cells, Alamien (westward of Dekhiela headland) and Alexandria stretches (Metropolitan area)
are encountered in Alexandria coastline (Frihy et al., 2009a). The latter cell between Silcela and Abu
Quir is divided into a series of small sub-cells confined between pronounced headlands and
embayments ranging between 0.3 and 3.5 km in length (Frihy et al., 2004). The coast is mostly rocky,
comprising low sea cliffs and offshore shoals with very few beaches fronting the resort facilities
constructed along most of the “Corniche”. The original beach sands are composed of biogenic
carbonate-rich, medium to coarse sands, varying from loose to fairly well indurated deposits of shell
fragments, quartz, heavy minerals and other debris (El Wakeel and El Sayed 1978; Hilmy 1951). The
only source of beach and seabed sediment is the sandy carbonate material supplied to the sea from
freshly weathered carbonate sand derived from erosion of Pleistocene beach and submerged bedrock
forming the carbonate ridges (Hilmy, 1951; Misdorp and Sestini, 1976).

Figure 3: Major physiographic units of the Alexandria region.

Main coastline features comprise: beach embayments and pocket beaches separated by rocky
headlands. Generally it includes the west coast, harbor basins and metropolitan area.
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Figure 4: Alongshore topography (transect A-A’); B) Cross-shore topography (transect B-B’)

The figure A) shows alongshore elevation of coastal road corniche backing the Alexandria coastline (transect A-A’), In B) it
shows schematic cross-shore profile showing the general backshore topography of Alexandria, and the location of the
carbonate ridges crossing the Alexandria region (modified after Warne and Stanley 1995). The Rosetta and Abu Quir faults are
positioned after Zaghloul and Elgamal (1999).
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2. Topography and Bathymetry
A recent bathymetric map was generated by Frihy et al. (2009c) from series of inner shelf profiles
surveyed during the period 2005-2006 and data consulted from Frihy et al (2004). These profiles
extend offshore between 2.5 and 7.0 km at maximum water depth up to 20 m. The depth soundings of
these profiles are interpolated using linear interpolation triangulation method of the SURFER Golden
software. The resulted contour map is presented below. The bathymetry map shows remnant of
detached coast-parallel submerged ridges (Frihy et al., 2009c). These ridges are part of the
submerged coast-parallel carbonate ridges which now forms the shoreline and bedrock of Alexandria.
They form an irregular seabed surface with a minimum water depth of 6.0 m. Because of their lowcrest level, these ridges are not effectively acting as a natural buffer to naturally protect the coastline
from wave attack. Large offshore areas of exposed non-depositional bedrock areas were detected
during sampling of surficial shelf sediments.
The analysis of surveyed beach-near shore profiles of Alexandria Metropolitan area indicates that the
foreshore seabed slope is relatively gentle, ranging between 1:30 and 1:50 as observed in profile #10
and 15 in Figure 7. This gentle sloping seabed allows the waves to break and dissipate their energy
across the surf zone (Frihy et al., 2004). The remnants of submerged ridges, in which the waves
dissipate their energy, provide partial nature protection for Alexandria beaches. In contrast, the
analysis of profiles on the west of Dekhiela headland indicate that the foreshore seabed slope is
relatively steep, ranging between 1:10 and 1:30 as observed in profile #27 and 33 in Figure 7) (Frihy
et al., 2009c). This steep sloped seabed allows the waves to break directly on the beach face instead
of absorbing and dissipating their energy in the offshore surf zone. This may result in hazardous and
unsafe swimming conditions and more rip currents than those found on shallow and gently sloped
beaches of Alexandria.

Figure 5: Depth contours in meters and mean grain size content Frihy et al, 2009c)
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Coarse and very coarse sand are evaluated as potential offshore borrow source for beach
nourishment of Alexandria beaches.

Figure 6: General bathymetry of Alexandria region between Marabelle and Abu Quir on the
Mediterranean coast of Egypt (Frihy et al, 2009c)
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Figure 7: Profile variability of selected shelf profiles measured across the study area (Frihy et al,
2009c).

Profiles are generally characterized by a narrow surf zone (1:5 1:10) followed seaward by a relatively
steep slope seabed (1:20 – 1:90). The shelf is floored by a remnant of submerged ridges
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3. Oceanographical Conditions

Wind Climate
The prevailing wind of Alexandria comes from Northwest. The meteorological data collected from
IGSR station shows that the highest frequency winds along the year 2002 blow from north-northwest
direction.

Figure 8: Wind roses prevailing in winter (December, January and February)

Figure 9: Wind roses prevailing in spring (March, April, May)
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Figure 10: Wind roses prevailing in summer (June, July and August)

Figure 11: Wind roses prevailing in autumn (October, November, and December)
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Figure 12: Yearly prevailing Wind roses of Alexandria

Wave Climate
Alexandria coastline is a wave-dominated high-energy environment, in which the principal
transporting agents are waves, wave-generated long shore and rip currents (Frihy, 2001). Wave
climate (wave height, period and incident wave angle) determined at El Agami location, is consulted
from Iskander et al. (2007). Wave climate was analyzed based on values recorded at Damietta
Harbor located 220 km east of Alexandria using a pressure wave gauge (Inter Ocean System S4DW)
installed at ~12 m water depth. The wave directional distribution at Agami, (cf. Figure 13) is generally
comparable with other waves measured along the northern coast of Egypt (Frihy et al., 2009a). The
average significant wave height and period are 1.04 m and 6.2 sec, respectively with a maximum
wave height of 4.45 m blown from NW in winter. The distribution of directions of these waves
indicates that waves arrive mainly from the fourth (NW) and the first (NE) quadrants. The northwestern waves are dominant (65%), thus generate most of the energy that affect most of the coast.
The north-western waves are higher than those arriving from the NE because of the longer fetch in
this sector; approximately 1300 km long. The remaining NNE and NE components occur occasionally
during April and May.
The SW-NE orientation of the study coastline provides full exposure to the prevailing incident wave
components as schematically diagrammed in Figure 13. The relationship between wave climate and
o
the present shoreline orientation (57 from the north) was established at El Agami by Iskander et al.
(2007), applying the principals given by Mangor (2001). Accordingly, two main wave exposures are
responsible for generating opposing SW and NE long-shore sediment transport. The predominant
wave components propagating from NW, WNW, and W sectors are responsible for the generation of
long-shore currents towards the northeast 85% of the time, which represents up to 70 % of the total
wave distribution. During approximately 10 % of the time, waves approach from NNW, N, NNE, NE
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and generate, on the other hand, a reverse long-shore current towards the southwest, particularly
during March and April, in total contributing to ~19 % wave distribution. The remaining component
(11%) represents calm conditions generally with S and SE waves, i.e., from inland direction, spanning
~5 % of the time. Perpendicular waves approaching parallel to the normal line of the present coastline
orientation represent an angle of incident close to zero, resulting in a net zero transport.
The wave's distribution versus shoreline orientation implies that sand transport is almost eastwardly
unidirectional all the year round with a significant westward reversal, but with a zero net littoral drifts
when averaged over several years. Small to zero littoral drift rates measured along the study area can
be attributed to the morphological irregularity of the coastline (pockets and embayments) versus wave
directions (Frihy et al., 2004). Direct evidence for this zero net littoral drift has come from field
observations of sand accumulation patterns adjacent to the groins constructed along the Alexandria
coast where sand is being deposited to both the immediate east and west of groins and jetties.
The pattern of wave-induced sediment transport along the study littoral cells reflects periodic
reversals. The NW waves are responsible for the generation of the predominant sediment transport to
the north-east, whereas waves arriving from the NE direction are jointly acting to transport sediment
along the coastline toward the south-west. Reversals of the westward-directed current is significant
and occurs because shoreline orientation trending NW-SE. The net transport, however, is to the east.
This reversibility is supported by the longshore currents measured at Alexandria coastline that
indicate that the predominant current direction was to the southwest (average = 38%; range of 16 to
54%) with a maximum current speed of 143 cm/ sec (Frihy et al., 2004). Conversely, northeastdirected longshore currents (average = 26%; range of 11 to 43%) reached a maximum speed of 96
cm sec-1. Cross-shore currents were also recorded, including onshore currents (6-24%, averaging
12%) and offshore rip currents (0.4- 2.5%, averaging 1%).
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Figure 13 (A): Directional wave distribution (after Iskander, 2007). (B) Directional offshore current
distribution measured in front off Alexandria at 5-m depth measured in 1996 (Alam el Din, 2007). (C)
Spatial distribution of offshore current patterns measured between December 2005 and august
2006 at three depths.
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Current Pattern
Offshore currents were measured in front of the Alexandria Metropolitan area during separate periods
in 1977 and 1996, where current meters were deployed at 15 stations at depths ranging between 3
and 56 m (Alam El Din, 2007). Current was measured using ANDARAA Current meter, RCM7. At
each station, measurements were taken for 10 minutes at four levels: near surface, at 5 m, 10 m and
15 m. Among these stations, results of measurements from the station at 56 m depth were selected to
represent the speed and direction for 6 months between June 1996 and December 1996. The results
from measurements from all stations show that offshore currents at different water levels, near
surface, 5, 15 and 20 m, are predominantly NE directed with minor reversal to the NW quadrant.
Currents are mainly directed north-easterly, locally with minor reversal to the southwest near El
Dekhiela Harbor that is bounded the eastern limit of Alamien littoral cell. Current speed shows
systematic decreases vertically down-depth (cf. Figure 13).

Tidal Characteristics
In oceanography, tides are commonly defined as the periodic variations in sea level that occur as a
result of the gravitational forces of the Sun and the Moon. We most commonly observe tides along the
coast but tides occur in the open ocean as well. Tidal characteristics have been determined by
Deabes (2003) from the statistical analysis of daily sea-level records measured between 1993 and
1999 at Abu Quir Harbor, east of Alexandria. These characteristics are: mean water level, standard
deviation, tidal range, minimum low-low water level (LLWL), maximum high-high water level (HHWL)
(Table 1). Accordingly, Alexandria is a micro-tidal environment with an average tidal range of 71.86
cm. The average mean water level calculated during this period is 49.54 cm.

Table 1: Annual statistics of water level parameters between 1993 and 1999 at Abu Quir Harbor east
of Alexandria (from Deabes, 2003)

Year 1993-1996

Average (cm)

Mean

49.54

St. deviation

12.03

Tidal range

71.86

Minimum (LLWL)

1

Maximum (HHWL)

97
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4. Water Level Evolution
This section focuses on discussing different factors that control sea-level fluctuations in the
Alexandria region. Studies on long-term changes in SLR in the Mediterranean region indicate that it is
mainly controlled by the interaction of global, regional and local factors.
These factors are:
• eustatic SLR (sea-level rise) due to global SLR climatic oscillations accompanying greenhouse
effect,
• local tectonism: subsidence/ emergence (uplift) of land (compaction, neotectonism, oil or
groundwater pumping), and
• seasonal oceanographic/ meteorological processes (wind, waves and storm surge).
4.1. Land Subsidence and Uplift
General remarks
The vertical motion of land, subsidence or emergence refers to the lowering or emerging of the land
surface relative to a geodetic datum. Vertical motion varies locally depending upon rates of isostasy,
neo-tectonic, compaction/dewatering and anthropogenic influences (groundwater or oil withdrawal) or
combination thereof (Stanley, 1997). Subsidence and emergence is generally independent on world
(eustatic) sea-level changes. Measurement of subsidence requires removing the effects of changing
sea level, which has been rising during much of the past ~18,000 years. Land subsidence and
emergence due to neo-tectonism play an essential role in increasing or decreasing sea level.
Along the Mediterranean coast of Egypt, long-term land subsidence or emergence has been
calculated using archaeological and radiocarbon-dated sediment cores. Land subsidence on the
Alexandria coast due to its tectonic setting is a complex pattern. Based on carbon-dated sediment
cores, previous studies of Alexandria have indicated diverse values of land emergence or subsidence
ranging from -0.5 to 7.0 mm/yr (Warne and Stanley, 1993; Chen et al., 1992) (cf. Figure 14). Based
on their studies, land subsidence at Alexandria is significantly higher than at the Nile delta in spite of
the absence of the soft fluviomarine deltaic mud underlying Alexandria region. The subsurface
Pleistocene carbonate rocks and stiff mud of lagoon facies that characterize this region, could not
allow such higher rates of subsidence (Warne and Stanley, 1993). Therefore, other factors are
actively involved in the subsidence processes. The variability of emergence and subsidence of
Alexandria land (ranging between –5 mm and 7 mm/yr) as calculated by Warne and Stanley (1993)
may be attributed to the impact of tectonic activities. Tectonic activities in Alexandria were evidenced
from the observations on submerged Roman and Greek ruins in the Eastern harbor and Abu Quir Bay
(Toussoun, 1934; El Sayed, 1988; Warne and Stanley, 1993). Ancient ruins as old as 2,500 years had
submerged form 2 to 5.5 m. The Hellenistic city of Canopus (~500 BC) in Abu Quir Bay was originally
located 3 m above sea level, which may imply that it has been submerged as much as 8 m during the
past 2,500 years. The tectonic activities are also confirmed from the major earthquakes, which shook
Alexandria in the fourth century A.D. and from the documented fault/fold mapped system.
The structure framework controlling the vertical motion of Alexandria region is mapped in the figure
below, traced from Zaghloul et al. (1999) and Garziglia et al. (2008). This figure depicts the
geodynamic setting of Alexandria region including earthquakes epicentres and major active fault
trends described by Zaghloul et al. (1999) and Garziglia et al. (2008). As seen in this Figure, the
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structural pattern results from a complex interplay of fault trends. These include the N-S faults (Abu
Quir), NE faults (Rosetta), NW Suez-Cairo-Alexandria line, and NE-SW (Qattara-Eratosthenes line).
These structural trends indicate that the main cause of subsidence in Alexandria region is ongoing
faulting, as well as down warping, of the underlying 3000 m of Late Miocene to Quaternary
sequences.

Figure 14: General topographic map of Alexandria region showing values of vertical land motion
(mm/yr).

Areas with overall land submergence and emergence (in circles) are denoted by positive and negative numbers
respectively (modified after Warne and Stanley, 1993). Topographic features are from Frihy and al, 2009
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Generally, land subsidence at Alexandria is also evidenced from:
the existence of submarine Ptolemaic and Roman archaeological remains and coastal structures,
disappearance of sandy beaches, and disappearance of emerged islands, submerged and
disappearance of the former Nile distributary channel (the Canopic), that once flowed across Abu
Quir Bay about 2500 years BP. and
the major earthquakes which shook Alexandria in the fourth century A.D., and
from the documented fault mapped system (Frihy et al. 2004).

Figure 15: Map locating earthquakes epicenter in Alexandria and the western Nile Delta, took place
between 1900 and 1997 together with major active “fault” trends, modified after Zaghloul et al
(1999) and Garziglia et al (2008)

In contrast to Alexandria region, most of the Nile Delta plain northward of a coast-parallel hinge line
(flexure zone) is actively subsiding (Warne and Stanley 1993). Their calculation was made from
numerous core sections ranging in length from 30 to 50 m recovered in the coastal plain of the Nile
Delta (Stanley 1988, 1990) and basal mud above the transgressive sand unit and was dated to 7,000
yr BP. Subsidence rates in this region vary spatially due to differential compaction and varying
thicknesses in the Holocene layers. Subsidence has been considerably lower in the westerly
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direction, ranging from ~1 mm/yr near Baltim resort on the north-central coast, to 0.5 mm/yr farther to
the west, in the NW Nile Delta and the Alexandria region (Stanley and Warne 1993). The lowest
estimates are for the Alexandria coastal plain, where the subsidence rates are estimated to be 0.0 to
0.5 mm/yr.

Characterisation of sea level rise from the analysis of long period records
 Tide gauge records and archaeological information
Relative sea level rise is defined as global (eustatic) sea level rise plus land subsidence (or minus
land uplift), whereas absolute sea level represents only the change in sea height. Absolute sea level
change is difficult to measure. However, relative sea-level changes have been derived mainly from
tide gauge data relative to fixed tide-gauge benchmarks. This relative sea-level (RSL) is referred to as
sum of global changes "eustatic" (~1mm/yr) and local uplift or subsidence. During the 20th century
more than 1000 tide gauges were active around the world, they were deployed in ports and estuaries
not for scientific but for navigation purpose (Emery and Aubrey 1991). The first tide gauge was
manufactured based on a recording system operating on a floating connected with a clock
mechanism; whereas modern gauge is digital and its records are automatically computerized.
Brochier and Ramieri (2001) have summarized several studies of sea level changes in the
Mediterranean Sea, most of them fluctuating between 1 and 2 mm/yr.
At Alexandria, relative sea level rise has been calculated by a series of studies from tide gauge
records and archeological information, including: Brecia (1922), El Sayed (1988), Emery et al. (1988),
El Fishawi and Fanos (1989), Frihy (1992a and b), Frihy (2003), and Frihy (2009). Summary of these
studies including author, period, evidence (tide gauge or archeology) and estimated rate of relative
sea level change is listed in Table 2.

Table 2: Rates of relative sea level changes (RSL) estimated at Alexandria.

Author

Period (yr)

Evidence

Rate of RSL rise
change (mm/yr)

Brecia (1922)

3000

Archaeology

0,8-1,2

El Sayed (1988)

2000

Tide gauge

1.2

Emery et al (1988)

24

Tide gauge

-0.7

El Fishawi and Fanos
(1989)

23

Tide gauge

2.9

Frihy (1992b)

44

Tide gauge

2.0

Frihy (2003)

55

Tide gauge

1.6

60

Tide gauge

1.8

14

Tide gauge

3.4

Frihy (2009):
Alexandria
Harbor

Western

Abu Quir Harbor
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Results indicate upward trend (rising sea-level trend) except the study of Emery et al. (1988) which
show down-ward trend (sea level falling)

 Relative sea level at Abu Quir and Alexandria Western Harbors
The more updated estimations of relative sea-level trend have been presented by Frihy et al. (2009).
They have used annually averaged variations of water level (tide-gauge records) measured at
Alexandria Western Harbor relative to the harbor datum. The data has been updated to 2006 (1944
through 2006; 60 years). Frihy et al. (2009) have also used for the first time data measured at Abu
Quir Harbor (1992 through 2005; 14 years). Tide gauge records of Alexandria Western Harbor are
also analyzed to assure acceleration of sea-level rise during the twentieth century up to the present
time (for 1944-1979 and 1980-2006 time periods).
Annual average variations of water level versus time (years) for the data measured at Abu Quir and
Alexandria Western Harbor are plotted by Frihy et al. (2009) to distinguish the broad temporal trend
(cf. Figure 16). Accordingly, all data show an upward trend, but with a different magnitude. The slope
of the trend lines indicates that mean sea level at Alexandria, and Abu Quir has risen 1.8, 3.4, mm/yr,
respectively. The rates of estimated sea-level are in the range of most estimates of regional sea-level
recorded by Emery et al. (1988), El Fishawi and Fanos (1989), Sharaf El Din et al. (1989) and Frihy
(1992b).

Figure 16: Comparison of relative sea-level trends estimated from annual tide-gauge records at West
Alexandria aid Abu Quir harbors

1944-2006

1992-2005
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This upward trend in sea-level rise is higher than the one given by the Intergovernmental Panel on
Climate Change (1-2.5 mm/yr) (Warrick et al., 1995), and demonstrates that other geologic factors
also contribute to the sea-level rise, such as land subsidence and tectonic activities. On the other
hand, they are lower than the rates (3 to 10 mm/yr) estimated at other Mediterranean deltas like
Rhone and Po (Stanley 1997) and Ebro (Sanchez-Arcilla et al., 2008). Besides, uplift or subsidence
appears to be dominant in other Mediterranean areas also due to the active tectonism, even without
any global sea-level rise (GSLR). Rates of relative seal level rise estimated at Alexandria are
generally comparable with those calculated by Goldsmith and Giboa (1987) at the Israeli coastline, at
Eilat (2 mm/yr), Haifa (3 mm/yr), and Piraeus (2.6 mm/yr). In contrast to the Egyptian coast and due to
tectonic motion, a decreasing down-ward trend between -0.5 to -2.8 mm/yr has been documented at
the coastline of Haifa (Emery et al. 1988).
The two tide gauges of Alexandria, at the western harbor and Abu Quir, are positioned on a land
surface of that underlain by carbonate rocks of the coastal ridge II. Alexandria western harbor gauge
shows sea-level rising at a rate of 1.8 mm/yr, while the Abu Quir records show a much higher average
rate of about 3.4 mm/yr, despite being positioned on the same ridge. We attribute the lower rate of
sea-level rise at Alexandria western harbor (1.8 mm/yr) to the tectonic activity of the NE Rosetta
structural lines (structural up-warping and movement along growth faults), and not to the effect of
natural compaction and dewatering of Holocene deltaic sediments. Similarly, the higher value of SLR
at Abu Quir peninsula (3.4 mm/yr) is likely supported by active faults in the region, despite the
absence of Holocene sediment underneath. Interaction of the Abu Quir fault (S-N) together with the
Suez Cairo-Alexandria (NW-SE), and Qattara-Eratosthenes structural lines (NW-SE) may be
responsible for down-warping of this ridge area, leading to land submergence and sea-level rise. This
suggests that RSLR estimated in this area is resulted from the effect of vertical land motion "tectonic
subsidence" and not principally from compaction and dewatering of thick Holocene sediment
underneath. As seen earlier, Alexandria is a tectonic area with a complex fault system. The shoreparallel carbonate ridge (usually called Ridge II or El Max-Abusir ridge, beneath Alexandria was
stretched, down-bowed and offset in a NE direction to shallow depths in Abu Quir Bay (Stanley 2005).

 Accelerated relative sea level-rise at Alexandria Western Harbors
Predictions of greenhouse-related sea-level rise vary considerably, but all concur that acceleration is
likely. Until now such predictions remain controversial and have not been accepted by many
scientists. For example, the analyses of tide-gauge data by Woodworth (1990) and Douglas (1991,
1992, and 2001) did not find a statistically significant acceleration of GSL (Global Sea Level). In order
to examine whether there has been any acceleration, the 61 years monthly time series of Alexandria
has been analyzed by Frihy et al. (2009) to investigate the possibility of accelerating sea level rise
during late 20th century up to 2006 (cf. Figure 17). Annual data are statistically analyzed for the
periods of 1944-1979 and 1980-2006. These data are measured at intervals of one hour. Results
show minor statistically significant acceleration of RSLR as compared to trends estimated between
1944-1979 (34 years) and 1980-2006 (26 years). In general, the curve of 1980-2006 appears to be
slightly higher than that of 1944-1979 trends. This indicates that sea level at this particular site has
been accelerating during the last 26 years: during the most recent period (2.4 mm/yr) relative to the
older one (1.9 mm/yr). This could be attributed to the active episodic effects of land-level changes,
emergence or subsidence, or/and as a result of the effect of global warming. Evidently, Alexandria
coastal plain has been affected by a diverse vertical land motion, emergence and subsidence, which
resulted from the effect of Abu Quir and Rosetta fault zones. As a result of this active tectonism,
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Emery et al. 1988 update have reported a land uplift of 0.7 mm/yr at the Alexandria Harbor using
short records (1958-1976; 19 years). Based on carbon-dated sediment cores, this complex pattern is
supported by the study of Warne and Stanley (1993), who reported uneven vertical land motion
across the coastal plain of Alexandria that varies from subsidence (-5 mm/yr) to emergence (7
mm/yr).

Figure 17: Comparison of relative sea-level trends estimated from monthly tide gauge records at
Alexandria for the years 1944-1979 and 1980-2006 time periods.

Despite that the upward trend is noticed at the two periods, relative sea-level (RSL) is slightly
accelerated during the most recent period (2.4 mm/yr) compared to the older one (1.9 mm/yr),
possibly due to effect of climate change (Frihy et al, 2009)

 Conclusions
Data recorded by the tide gauge at Alexandria show that the overall sea level has been increasing
during last few years by 1.8 mm/year and the data measured at Abu Quir show an average of 3.4 mm
par year. However, for this later site, the recording duration has been rather short in comparison to
the Western port. These values frame those that could be obtained from a more focused analysis of
the results observed at the Port of Alexandria.
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4.2. Tectonic Activities
Together with the stratigraphic factors, tectonic activities also contribute to processes of subsidence
and relative sea-level changes. As a result of the complex tectonic setting of the Eastern
Mediterranean, earthquakes occurred in the vicinity of the Egyptian continental margin both in recent
and historical times (El Araby and Sultan 2000; El Sayed et al. 2004). Offshore Egypt, the magnitudes
are moderate to high (Ms = 6.7), and some earthquakes have affected northern Egypt (Ambraseys et
al. 1994). Earthquakes recorded in the Nile Delta region are generally of moderate-magnitude
between 1.0 and 5.4 (Richter scale), with a geographic tendency along the eastern Nile Delta margin
and offshore to the north.

5. Oceanographic/ Meteorological Factors – Storm Surge
Annual and seasonal variations can be produced by a variety of local oceanographic and climatic
processes, including changes in water temperature, variations in the strength of coastal currents,
atmospheric pressures, and winds blowing either in the longshore or cross-shore directions (Komar,
1983). Although the study area is a micro-tidal environment, storm surges in association with spring
tides (high tides) raise water levels by 60cm above normal MSL (Hamed and El Gindy, 1988).
Maximum wave height of 5.4 m was recorded at Abu Quir Bay in the winter storm of 1988 (Frihy et al.,
2003). These stormy waves have accelerated beach erosion, flooding across the low-lying areas and
large overtopping. Occasionally, high tides occur in combination with storm surges sea level can
produce wave set-ups of 1.5 m over winter storm waves of 1.5-3 m height (Nafaa et al., 1991).

 Waves and near shore processes
Like in most coastal areas, wave action at the Mediterranean coast of Egypt is seasonal in nature in
response to the changing winds. Along the Mediterranean coast of Egypt, the NW and NE winds are
responsible for the approach of waves most of the year. The NW window is responsible for the
generation of the predominant waves, particularly generated by storms moving eastward along the
maximum fetch of 1300 km long (see Figure 18). The storms and thus the waves are seasonal in
intensity and direction (Nafaa, 1995). Winter extends from October to the end of March, and is
characterized by the occurrence on average of 15 storms per winter with duration of 2 to 4 days,
called Nawat, of which seven are fairly strong with high winds and heavy rains (Khafagy and
Manohar, 1979; Manohar et al., 1974). The intervening periods between the winter storms represent
fair-weather conditions. The non-winter months from April to September are characterized by a
relatively calm sea or small waves, mostly swell.
The problems of erosion due to both sea-level rise and coastal processes at Alexandria require a
better understanding of the wave-related coastal processes in this region, such as beach
morphodynamics, storm-wave breaking along its shores and the characteristics of swash run-up
inducing beach erosion (Komar and Allan, 2002). In addition, knowledge of the wave climate and
associated nearshore processes is essential in the design of shore-protection structures or beach
nourishment projects that might considered as adaptation measures against possible sea-level rise.
Wave measurements from six wave gauges on the Mediterranean coast of Egypt have been analyzed
by Frihy et al. (2009a) along the Alexandria and its adjacent Nile delta shore. These new results allow
a better understanding of wave-related nearshore processes and their extreme values, important in
assessment of potential erosion hazards partially due to climate change. Results of their study
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indicate that the deep-water climate (significant wave heights, periods and directions) is essentially
uniform in terms of average wave conditions along the length of the western coast and the Nile deltaSinai shores. The N-NW waves transport sediment in a uniformly east direction along these coasts
due to the acute angle of wave attack versus shoreline orientation. This longshore transport process
is also accompanied with a westerly seasonal reversal induced from the N-NE waves, but the net
transport is to the east. In addition there is a marked seasonality in the wave climate, with deep water
significant wave heights during the summer months averaging 0.35 to 0.62 meters, increasing to 1.13
meters during the winter months, with individual storms yielding significant wave heights of 7 m.
Associated with this seasonality in offshore wave heights have been seasonality in wave breaker
heights, changing beach slopes, the morphodynamic classification of beaches, run up levels of waves
at the shore, and wave power as they approach the coast. Generally, wave height is seasonal with
higher waves in the winter and lower waves in the non-winter period.

Figure 18: Map of the Mediterranean coast of Egypt showing locations of the six wave stations
analyzed by Frihy et al (2009a)

The NW and NE wave windows for the approach of storm waves involved in the fetch area are shown
in the inset map.
The wave data used in the study of Frihy et al. (2009a) were measured at six gauges, two to the west
of Alexandria (Dabba and Hamra) and four along the Nile delta (Abu Quir, Damietta, Ras El Bar, and
Port Said). The gauges are generally located in shallow water depths ranging between 6 and 24 m
close to the nearshore zone. In order to obtain the equivalent wave characteristics in deep water,
wave transformation analyses have been undertaken that will be utilized in most of formulae utilized in

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 386
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

this study. The wave data for each site was first back-refracted to deep water and then ray-traced
shoreward to the nearshore, applying Snells law.
The wave related parameters calculated in the study of Frihy et al. (2009a) are:
■ wave energy,
■ wave breaker heights,
■ wave run up,
■ beach morphodynamics,
■ depth closure,
■ longshore sediment transport rates



Storm surge

A storm surge is a high flood of water caused by wind and low pressure, most commonly associated
with hurricanes. This wind pushes the water rapidly, building it up into a huge waverage. At the same
time, the low pressure caused by a hurricane also causes the water level to rise up in the lowestpressure spots and to sink in areas of higher pressure, exacerbating the wave build-up caused by the
winds. Storm surges are different from tidal surges, which are violent surges caused exclusively by
the tidal shift in sea level. The residual from subtracting the observed height of sea level and the
predicted tide is named the storm surge height, where the Rossiter's equation (1959) is used to
estimate the hourly surge height at the study areas, this equation expressed as follows;
S(t) = H(t) – T(t)
wehere :
S (t) is the surge height at time t
H (t) is the observed height of sea level
T (t) is the predicted tide at the time t

Storm surges are defined as those rising above (or decreasing below) the predicted water level due to
the action of wind stress and atmospheric pressure changes on the water surface. Consequently, the
surge is a natural phenomenon resulting from a complex interaction between the atmosphere and
ocean. Surge may be characterized as being sea-surface disturbances with dominant periods ranging
roughly from 103 to 105 sec. or from 1 to 102 h. This period lies between the period of the tsunamis
and that of the lower frequency astronomical tides. The storm surges are the surges occurring during
strong winds (storms). The physical mechanism responsible for storm surge formation is simply wind
drag over a water surface that causes redistribution of water within a basin. Atmospheric pressure
variation over the sea often leads to additional sea level changes (Moursy, 1989).
Moursy (1976) has calculated the storm surge heights during the stormy days, with wind speed higher
than 20 knots, during winter season in the period 1965-1969. Calculation was made by subtracting
the predicted astronomical tide from the observed sea level, as well as forecasting of the surge from
the meteorological data. Maximum surge height recorded at Alexandria during the period of
investigation is 39 cm. Maximum surge height calculated over the Egyptian Mediterranean coast at
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Alexandria is 47 cm. She also concluded that the surge height is usually correlated linearly with the
meteorological conditions.
Rady (1979) have computed the important constants of four tidal constituents used in the hourlypredicted heights. He calculated the storm surge height by subtracting the predicted height, estimated
from the important four tidal constituents, from the observed sea level at Alexandria during the period
(1958-1979). He concluded that the monthly mean surge is always negative during the spring season.
In summer season the surge is either positive or negative. The surge varies from negative to positive,
depending on the meteorological condition during the winter season.
Hamed (1979) has determined the number of stormy days at Alexandria over a period of 20 years and
concluded that the maximum number of the stormy days was recorded during winter and early spring,
with a much lower number in autumn and the summer season, those periods being generally free of
storms. Hamed (1983) studied the relationship between the surge heights and the depression tracks
during winter season. He also established an empirical relation of the surge height as a function of
pressure and wind speed; this relation was expressed by the equation
R = 3.04* w – 0.05* w2 + 0.31*P – 328.51
Where:
R = residual height (cm)
W = wind speed in Knots
P = atmospheric pressure (mb)

Hamed and El-Gindy (1988) classified the storm surge at Alexandria according to their height and the
associated synoptic pattern during winter season (December, January and February) over the period
1971-1984 into five types.
■ Type (A) represents the weak surge case with maximum surge height range between 12 and
18 cm, a maximum wind speed of 24 knots and minimum pressure of 1008 mb.
■ Type (B) has a maximum surge between 20 and 24 cm and a wind speed less than 29 knots,
with minimum pressure of 1012 mb.
■ Type (C) is a moderate surge, a maximum surge between 26 and 30 cm, with a maximum
wind speed in excess of 29 knots and pressure reaching 1005 mb.
■ Type (D) has a strong surge between 35 and 38 cm, wind speed reaching 30 knots and
pressure as low as 1004 mb.
■ Finally, type (E) has the strongest surge, reaching 43 cm, with wind speed up to 35 knots and
pressures as low as 1002 mb. The strong surge occurs when the centre of depression passes
near the Northern Egyptian coast on its way towards Cyprus.
Moursy (1989) studied the surge heights during the period 1974-1983 by three different methods
(elimination of predicted astronomical tide method, low pass filter method and Xo-filter method).
Moursy concluded that elimination of predicted astronomical tide method is the best one for the
determination of the hourly values of surge height. She also concluded that January and December
have maximum-recorded duration at high positive surge (more than 45 cm) while spring has the
lowest duration.
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El-Gindy et al. (1992) deduced five models for prediction of storm surge at Alexandria, using all
regression and stepwise regression methods. They showed that the wind velocity is expected to be
more effective when depression move faster, while the influence of atmospheric pressure becomes
more important at slow depression movement.
Allam El-Din (1993) calculated the storm surge height by subtracting the hourly-predicted height from
the observed sea level using low pass filter method at some sites along the Suez Canal. At Port Said
and Kantra, the summer months have a maximum recorded duration of positive surge while the
highest frequencies of negative surge occurred during winter. At Port Tawfik and Gineva the lower
frequencies of positive surge occurred during summer while the higher one occurred during the rest of
the year.
El-Gindy et al. (1993) studied the surge variability and its relationship to the environmental conditions
at Alexandria during the period from 1974 to 1983. He concluded that in winter the storm surge is
generated by local condition near Egyptian coasts and cyclonic movement, while in summer the surge
is mainly due to large-scale pressure gradient over central and eastern Mediterranean. He classified
the surge according to their heights and the associated synoptic situations. He also concluded that
the monthly mean surge height is always a negative value during the period from January to May
(1974-1983) and in the period from June to September the surge is always positive. This result is due
to the large scale atmospheric pressure gradient over the Mediterranean. In the time period from
October to December, the sign of the surge is variable form year to another, depending on the
meteorological condition during this transitional period.
Hamed (1996) studied the storm surges and classified the surges according to their heights and the
associated synoptic situations. He found highly significant correlation coefficient between observed
and the predicted surge using the empirical equation derived by him (Hamed, 1983). He indicated that
it is possible to predict the observed residual (storm surge) using his equation.
El-Gindy and Moursy (1996) estimated the hourly surge height by subtracting the hourly-predicted
height from observed sea level at Burullus and Ras El-Bar. They concluded that the surge
contribution was comparable with or even greater than tidal contribution. It has a daily range -35 to 35
cm, with a mean close to zero cm. The water level and surge were found normally distributed with
defined means and standard deviations.
El-Meligy (1999) studied the surge along the Egyptian coast of the Mediterranean Sea. He concluded
that the positive surge may be reached in some years to more than 25 cm during the winter season
(December, January and February), while negative surge reached -29 cm during the spring season
(March, April and May).
Deabes (2003) estimated the hourly surge height at three sites of five stations (Abu Quir, Rosetta
"seaside and Nile" and Damietta "seaside and Nile") using elimination method in which the hourly
height of predicted tide substracted from the observed sea level. He concluded that maximum value
of the surge height occurred in autumn season at Abu Quir and Rosetta stations due to prevailing
positive surge (+ve surge). At Damietta station the maximum value of the surge height occurred in
spring season. The minimum values of the surge height occur in spring season at all stations due to
prevailing negative surge (-ve surge). The monthly surge height varies from month to another and
also from year to another during the same month. At Abu Quir station, the surge height varies from –
51 to 47 cm. The surge height vary from -46 to 45 cm and from -35 to 59 cm at Rosetta sea-side and
Nile, respectively. The surge height varies from -55 to 47 cm and from -40 to 33 cm at Damietta Nile
and sea-side, respectively. His study shows that the topography of the coastline also plays an
important role in sea level changes along the Egyptian coast. The surge height always varies from -40
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to +40 cm along the Nile Delta coast. In some cases, the maximum surge height may reach 59cm
and the minimum surge height reach -55 cm, but these cases are very rare.
Briefly speaking, the maximum storm surge of sea level, beyond the run up, that seems to
have been retained at Alexandria, is to the tune of 60 cm.

6. Sedimentary Context
The areal distribution of mean grain size and percent of carbonate content of beach and seabed
sediments are reported by Frihy et al. (2009c) as shown in Figure 19. Accordingly, three sediment
types are identified on Alexandria shelf and can be broadly distinguished as major sedimentary
provinces; these respectively are:
■ fine to medium sand (0.063-0.4 mm) (Type I),
■ coarse to very coarse sand (0.41-3.3 mm) (Type II) and
■ mud to very fine sand (0.005-0.12 mm) (Type III).
In general, the mean grain size of bottom sediments increase laterally with distance from the western
shelf, ranges from medium-grained sand on the western part to very coarse sand off Abu Quir
headland while, in general, also decreasing in the offshore direction, i.e. fining seaward (cf. Figure
19). Most of the study shelf up to 90 m depth is floored widely by relatively fine-to medium sands (type
I) with local coarse sand patches (Type II). On the western shelf, this medium-grained sand is more
abundant, and is followed seaward by a contour-parallel trending belt of fine-grained sediments of
mud and very fine sand (type III). Thereby the 100 m contour defines the seaward limit of the
sand/mud interface. Part of these type III sediments exists also on the middle and outer shelf fronting
the harbors area at 20 m depth. This type III finer-grained sediment probably formed as a result of
sediment grading processes leaving fine-grained fractions to be transported in suspension and carried
offshore where it is deposited in deeper water. Further eastward, coarse-to very coarse sands (type
II), range from well to moderately sorted sediments, are widely concentrated primarily on the
Alexandria Metropolitan shelf between ~10 and 80 m depth contour; corresponding to 1 to 10 km
distance from the coastline (Frihy et al., 2009c).
According to Frihy et al. (2009c), proportion of carbonate content systematically increases with
distance from the western shelf, having a high concentration of 85-100%, and then decreases
gradually close to the Abu Quir (<25%). This pattern implies that sediment transport trend can be
inferred from decreasing proportion of carbonate contents in the north-easterly direction. In other
words, the distribution of the recent fine-grained sand facies across the study area tends to be
carbonate in the west and more terrestrial in the east. This distribution is expected since Alexandria
shelf represents a transition between the quartz-dominated delta system and the carbonatedominated western shelf. This general trend correlates well with results obtained from earlier studies
in which carbonates prevail largely in surficial sediments offshore Alexandria Metropolitan (El Wakeel
and El Sayed, 1978; Summerhayes et al., 1978). A similar trend is also noticed laterally alongshore,
where high carbonate content occurs to the west and systematically decreases with longshore
distance toward Abu Quir headland to the east. Dilution of carbonate content with Neolithic quartz
sand documented on the Abu Quir shelf is largely induced from the westward reversal of the coastal
current (Frihy et al., 2009c). Thus, the terrigenous-carbonate interface is positioned at Abu Quir
headland. Microscopic examination has indicated that carbonate sediments on the shelf of the
Metropolitan area are also mixed with quartz desert borrow sand added to some beaches of
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Alexandria Metropolitan during a nourishment program carried out between 1986 and 1996 (Frihy et
al., 2009c).
Compatibility analysis carried out by Frihy et al. (2009c) indicates that the characteristics of the
identified coarse-grained borrow material and those of the native beach are generally compatible with
each other. With respect to the quality standards, the identified borrow material is similar to-and
slightly coarser than the native beach sand (0.11-0.424 mm) and also match the same range of
sorting (0.25-2.37 Ø) and carbonate content (8.0 to 99.9%), thereby are compatible for as a sand
source for beach nourishment of Alexandria beach against the effect of sea-level rise. Moreover the
estimated overfill factor (RA) implies that eroded beaches would maintain stable state following sand
filling operation, with a re-nourishment factor (Rj) of 0.39.

Figure 19: Carbonate content (%)
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7. Coastal Land Use
The following photos show the land occupation and land use along the Cornish.
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The pictures below illustrate the land occupation and land use of the Western coastal area of
Alexandria.

View of the coastal area west to the El Dekheila
harbor
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View of a road access to the beach, west to
the El Dekheila harbor. During winter
squalls, the road is entirely flooded
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Views on the nice beaches of Borg Al-Arab districts. There is no coastal protection infrastructure. The
beach is fringed by leasure and residential constructions.

8. Port Infrastructure
(Source: http://www.globalsecurity.org/military/facility/alexandria.htm)
Alexandria is the largest seaport in Egypt. It is situated on a narrow strip of land between Lake Maryut
and the Mediterranean Sea. There are two natural harbors, known as the East and West Harbors,
located on both sides of a half-mile-wide northwestward extending isthmus. The coastal area near
Alexandria is very flat and featureless, and the coastline is nearly straight. The depth soundings
decrease gradually towards land. Due to the numerous shoals, land should not be approached to a
depth of less than 20 fathoms (36 m) except in defined entrance passes. The Great Pass, which runs
through a dangerous shoal area, is the principal channel used by deep draft vessel for entrance to the
west harbor. The channel has a minimum width of 200 yds and can only be transited by one vessel at
the same time.
Alexandria is a sheltered harbor with a large quay wall extending the length of the harbor. Both the
East and West Harbors are crowded with numerous vessels at anchor throughout the approach
sectors as well as within the harbors. Heavy traffic is a normal condition and local masters are very
aggressive in close quarter maneuvering. The West Harbor is used by deep draft vessels. It consists
of outer and inner harbors. The outer harbor provides several well-protected free-swinging berths as
well as numerous mooring buoys. Numerous rocks exist at 3 ft or less below the water, especially in
the proximity of the Sea Scout Club, and present a clear hazard to navigation. Any appreciable swell
can cause a heavy toll on screws.
The harbors are well protected from wave action by a large quay wall. Wave heights are limited to a
maximum of 2 ft inside the harbors.
El Dekheila is situated 7 km west of Alexandria and serves as an extension to the main port. Dekheila
port is a natural extent to Alexandria port due to the increasing number of the containers movement in
Alexandria port and the increasing growth of industrial development and free zones in west delta of
Alexandria. The site is near El Dekheila Iron and Steel complex, the free zone and the electricity
generating project located in west Alexandria. Commercial Port Access channel, 1.2km long, is a
branch off the access channel to the industrial port. Depth of channel is of 14.0 m and its width varies
between 210 m-150m. Commercial port has over 1,500 m. of berthing space with 15.0 m .of water
alongside. Handled cargoes include: containers, general cargo, timber, chemicals and Ro/ Ro
vessels. There is 300 m. of berthing space available with depth 15.0 m. and max. draft 13.0 m.
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Figure 20: The port of Alexandria

Eastern harbor

Western harbor

El Dekheila harbor
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Appendix 6 – Hydrology and Inundations Related Data
1. The Waste Water Treatment Plants in Alexandria
Alexandria Governorate is covered by a network of sanitary drainage, in which water is treated,
starting with Al-Sharkeya and Al-Gharbeya water purification stations as shown in figure 1. Minor
treatment is also conducted in Hanoville and Eskaan Mubrak stations. In the future this will be done in
Al-Max, Al-Dekhela and Agamy, and the French Project, Borg Al-Arab Purification Station and King
Maryut Purification Station. The treated water drains directly into Lake Maryut, and the sludge
produced is treated in the 9 N facilities.

Figure 1: wastewater treatment plants in Alexandria Source: Alexandria Company for Potable Water
and Sanitary Water

In addition, the potential of the Eastern Purification Station has been extended, supported and its
3
capacity has been raised from 410000 m3/day to 607000 m /day by a percentage of 150%. This is
also in addition to the extension and support of the potentials of the Eastern Purification Station and
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3

3

the increase in its absorption capacity from 186000 m /day to 462000 m /day by a percentage of
250%. This has led to the closure of the last sanitary drainage drains, namely Qayet Bay and AlSelsela in the areas of the Eastern Port and Al-Shatby. The drainage has been converted to the
Western Purification Station through the tunnel of the middle area, which was especially executed for
this purpose costing about 101 million Egyptian pounds. Table 1 shows the outlet locations, design
power, types of treatment and future phase of Sewerage treatment plants in Alexandria

The following tables show the detailed sewerage system data for Alexandria governorate:

Table 1: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company
(Montazah zone)

No.

Station’s name

Design
Discharge

Outlet Location

(1000 m3/day)
1.

New Sidi Bishr

255

New Seouf Station

2.

Al-Ras Al-Soda

316

New Seouf Station

3.

Station 2
thirtieth northern area
( assigning order 2)

22.3

Khorshed Station

4.

Station 3
thirtieth northern area
(assigning order 2)

51.8

Khorshed Station

5.

Al-Maamoura Al-Balad

111

Al-Ras Al-Soda Station

6.

Station 6

138

Station 11 east of New Seouf

7.

Station 1

78

New Sidi Bishr Station

8.

Station 2

86

Station 6

9.

Station 4

43

Station 6

10.

Abu Quir Officer’s Housing

7

Al-Maamoura Al-Balad Station

11.

New Abu Quir

78

Al-Maamoura Al-Balad Station

12.

Al-Ras Al-Soda Housing

8.2

New Seouf Station

13.

Naval College

6

Al-Maamoura Al-Balad Station

14.

Al-Abd

2.5

Al-Maamoura Al-Balad Station

15.

Ezbet Feroon Station 1

9.72

New Seouf Station

16.

Al-Prince Al-Bahareya Station 3

12

Al-Ras Al-Soda Complex

17.

Al-Tarooty Station 9

2.96

Al-Maamoura treatment

18.

Al-Tawfikeya Pumping Station 1

12.9

Station 3 thirtieth northern area

(assigning order 2)

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 399
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

19.

Khorshed Station 4 (assigning order
2)

9

Station 3 thirtieth northern area

20.

Al-Maraghy and Al-Kharoa Station 5
(assigning order 2)

3.8

Khorshed Station 4

21.

Al-Maamoura rest house

15

Al-Ras Al-Soda station

22.

Station 3

43

New Sidi Bishr Station

23.

Station 5

55

New Sidi Bishr Station / 11 east

24.

Al-Maamora Al-Seyaheya Station

8

Al-Ras Al-Soda Station

(Al-Maamoura touristic site)
25.

Ezbet Debanah Station 6

4.2

Al-Maamoura treatment

26.

Al-Prince Al-Kebleya Station 4

4

Applied in Mostafa Kamel Street

27.

Al-Mansheya Al-Bahareya station 2

6

Ezbet Feroon Grove

28.

Basin 10.9 Karmalet Station 8

3

Main Station 6 (Debanah)

29.

New Mansheya Station 5

4.8

New Prince , Basin 2 , and Shaker
stations

30.

New Prince, Basin 2 and Shaker
Station 7

3.7

Main Station 6 (Debanah)

Table 2: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company Sharq
Zone

No.

Station’s Name

Design Discharge
m3/day)

1.

New Seouf

850,000 m3/day

East purification station

2.

New Abu Solaiman

311,000 m3/day

East purification station

3.

Ghatset Abu Solaiman

129,000 m3/day

East purification station

4.

11 East

311,000 m3/day

East purification station

5.

Gnayoti

86,000 m3/day

East purification pipelines

6.

Al- Saleheya Station

64,000 m3/day

East purification pipelines

7.

Hagar Al-Nawateya

64,000 m3/day

East purification pipelines

8.

Al-Genena Basin

51,000 m3/day

East purification pipelines

9.

Second Abees

12,000 m3/day

East purification station

10.

Employees’ Station (AlMowazafeen Station )

25.92,000 m3/day

Al-Seouf Treatment Station

11.

Al-Khawaga Ibrahim

20,000 m3/day

Station 11 east
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12.

Station
1AlKebleya
(southern area), assigning
order 3

6.48,000 m3/day

Khorshed Station 2

13.

Station 2 Al-Bahareya
(northern area), reference
order 3

9.72,000 m3/day

Al-Sheikh Grand Station

14.

Al-Sheikh Minor Pumping
Station

12.96,000 m3/day

Al-Mowazafeen
Station

15.

The
Arab
Housing

73,000 m3/day

New Seouf Station

16.

Skenah

12,000 m3/day

A-Genena Basin Station

Company

Treatment

Table 3: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company Wasat
Zone

No

Station’s Name

Design Discharge
m3/day)

1.

New Smouha

280

East purification station

2.

Sporting

45

West purification station

3.

Halsh

4.8

East purification station

4.

Abees 10

3.5

Tenth Abees treatment

5.

10/1 Abees

3.5

Tenth Abees treatment

6.

Al-Gheit Al-Seidy

3

West purification station

7.

Sanyet Al-Abd

2

West purification station

8.

Ezbet Fata

0.8

Smouha Drain

9.

Green Plaza

1

Smouha Drain

10.

Subway 1

6

Al-Horeya Avenue Complex

11.

Subway 2

6

Al-Sarya

12.

City Entrance

3

Suez Canal Complex

13.

Ford

21

East purification station

14.

14 May

40

Smouha Complex

15.

Sidi Gaber

60

Smouha Complex

16.

Al-Gawaher

80

Smouha Complex

17.

Dayer Al-Matar

0.55

Dayer Al-Matar Drain

18.

Agricultaral Exhibition

------------------

East purification station
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Table 4: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company (AlGomrok (Customs) Zone)

No.

Station’s name

Design Discharge (1000
m3/day)

Outlet Location

1.

Ras Al-Teen

2.16

2.

Station Door 18

6.912

From the mid zone’s
subway to the west
purification

3.

Al-Senan

20.16

4.

Kaytbay Al-Ghatesa (Submersible
Kaytbay)

103.68

5.

Old Kaytbay

144

Table 5: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company (Gharb
Zone)

No.

Station’s name

Design Discharge (1000
m3/day)

Outlet Location

1.

Western Nobareya Housing

43.2

2.

New Gheit Al Enab –

35.352

Western
station

purification

Al-Basateen
3.

Station 1 west

69.12

4.

Station 27 A Customs

6.48

5.

Station 27 B Customs

6.48

Table 6: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company (AlAgamy Zone)

No.

Station’s Name

Design Discharge
(1000 m3/day)

Outlet Location

1.

Al-Heesh Land

86.4

Al-Heesh
Station

2.

New Wady Al-Kamar

17.28

Al-Omoom Drain (Al-Khandak)

3.

Central Security Forces

1.842

Al-Dekhela Drain

4.

Al-Max Officers’ Housing

2.16

Al-Omoom Drain (Al-Khandak)

5.

Al-Agamy 3

43.2

Al-Heesh Land Station

6.

Al Shameedan

4.608

Al-Heesh Land Station

7.

Al-Agamy 1

9.24

Al-Heesh Land Station

8.

Al-Agamy 2

13.8

Al-Agamy Station 3
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9.

Housing Area kilo 21

1.968

Al-Agamy Station 1

10.

Al-Dekhela Al-Bahareya Pumping
Station

28

Al-Heesh Land Station

11.

Talaat
Mostafa
Hanoville Station)

17.28

Al-Heesh Land Station

12.

New Al-Max Station

12

Al-Heesh Land Station

13.

Fadda

1.592

Al-Agamy Station 3

14.

Ard Midan’s Location

14

Al-Heesh Land Station

Station

(Al-

Table 7: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company (AlAmreya Zone)

No.

Station’s Name

Design
Discharge
(1000 m3/day)

Outlet Location

1.

Mubarak Station 4 A

50

Mubarak Treatment Station

2.

Mubarak Station 4 B

42

Mubarak Station 4 A

3.

Merghem Housing

6

Mubarak Station 4 B

4.

Abd Al-Kader
Takaleef

27.6

Mubarak Station 4 A

5.

K 23.5

3

Mubarak Station 4 A

6.

Zawyet Abd Al-Kader Kebly

8

Main Complex

7.

Zawyet Abd Al-Ader Bahary

8

Main Comlex

8.

New Nasreya

4

Main Complex

9.

Al-Gomhoreya

3

Al-Amreya Drain

10.

Petrochemicals

8

Main Complex

11.

Al-Dobat (officers)

0.6

Al-Moaskar Land

12.

Saf Al-Dobat Station (operated by
the sanitary drainage company in
Alexandria for others )

0.6

Al-Moaskar Land

Monkhafad

Al-
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Table 8: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company (New
Borg Al-Arab Zone)

No.

Station’s Name

Design Discharge (1000
m3/day)

Outlet Location

1.

Pumping Station A

64.6

To the treatment station

2.

Pumping Station B

3.12

Pumping Station A

3.

Pumping Station C

25.92

To the treatment station

Table 9: Detailed data of the Sewage Pumping Stations in Alexandria Sanitary Drainage Company
(Nubaria Zone)

No.

Station ‘s Name

Design Discharge (1000
m3/day)

Outlet Location

1.

1st District Housing Station

8.6

2.

2nd District Housing Station

14.2

Al- Nobareya Treatment
Station

3.

2nd Industrial Zone

18.6

Table 10: Data for Manholes Number, rain gutters and Network Pipes length until November 2009

No.

Zone

Rain
gutters

No. of manholes

Network Total Length
Declination

Delivary
pipe

1.

Al-Montazah

818

32480

1465

50.58

2.

East

308

15593

664.125

37.128

3.

Middle

1060

16600

368

15.866

4.

Al-Gomrok

2300

107.5

1.52

5.

West

5794

197.315

3.484

6.

Al-Agamy

6781

292.705

12.6

7.

Al-Amreya

2851

44.85

29.447

8.

Al-Nobareya

1000

34.043

7.062

9.

New Borg AlArab

7600

200

9.5

91000

3373.538

167.19

Total

550

22

2758
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Table 11: Sewerage Treatment plants in Alexandria

No.

Station’s
Name

Outlet
Location

Design
Power

Type of Treatment

Future Phase

1.

East station

Dayer
AlMatar and AlHamaa
AlNatega drain
pump to the
west
purification
station
and
finally to no. 9

607,000
m3/day

Primary
(and
is
currently
being
changed
to
secondary
treatment)

The capacity is
being increased to
800,000 m3/ day
and is transformed
into
secondary
treatment

2.

Al-Maamora
Station

Al-Ameya
Drain

10,000
m3/day

Secondary with an
extended ventilation
system (ABJ)

A treatment station
is
being
established
with
energy
25,000
m3/day

3.

Khorshed
and
AlZawaydah
Station

Al-Ameya
Drain

15,000
m3/day

Secondary with an
extended ventilation
system (ABJ)

Expansion
operations
are
being carried out
with energy 35,000
m3/day to reach
50,000 m3/day

4.

Al-Seouf
Station

Al-Kalaa Drain

7000
m3/day

Secondary with an
extended ventilation
system (ABJ)

Increasing
the
capacity
from
7,000 m3/day to
reach
14,000
m3/day

5.

10th Abees
Station

Al-Amlak
Drain

3000
m3/day

Secondary with a
rotating
biological
cycle
advanced
system (RBC)

Increasing
the
capacity
from
3,000 m3/day to
reach
6,000
m3/day

6.

Al-Rabaa AlNasreyah
Station

Al-Kalaa Drain

3000
m3/day

Secondary with a
rotating
biological
cycle
advanced
system (RBC)

Increasing
the
capacity
from
3,000 m3/day to
reach
6,000
m3/day

7.

West Station
for
purification

Maryoot Lake
and Al-Hamaa
to no. 9

462,000
m3/day

Primary (
currently
changed

Increasing
the
capacity to reach
680,000
m3/day
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treatment

secondary
treatment)

and converting it
into
secondary
treatment

8.

Ard Al-Heesh
Station (1st
phase 20,000
m3/day) (and
a 2nd phase
30,000
m3/day)

Al-Dekhela
Drain near AlDekhela Port

50,000
m3/day

Secondary
with
BIOGEST and ABJ
systems

Increasing
the
station’s capacity
from 50,000 to
reach
80,000
m3/day
after
obtaining the land

9.

Mubarak
Housing
Station

Al-Amreya
Drain

15,000
m3/day

Secondary
with
BIOGEST,ZENON,
and ABJ systems

Increasing
the
station’s capacity
from 7,000 m3/day
to reach 21,000
m3/day

10.

Al-Kilo
station

Maryut Lake

4,000
m3/day

Secondary with a
rotating
biological
cycle system

Increasing
the
station’s capacity
from 2000 m3/day
to
reach
6000
m3/day

11.

Al-Amreya
Treatment
Station

Maryut Lake

100,000
m3/day

Secondary

_____________

12.

Al-Agamy
Treatment
Station

West of
Nobareya
Drain

200,000
m3/day

______________

_____________

13.

Galal Ibrahim
Station

Al-Zayaty
Drain

80
m3/day

Secondary

_____________

14.

7th
Abees
Station

Al-Mansheya
Drain no. 2

3000
m3/day

Secondary

_____________

15.

2/8
Abees
Station

Al-Mansheya
Drain no. 3

3000
m3/day

Secondary

_____________

16.

8/6
Abees
Station

Al-Mansheya
Drain no. 3

3000
m3/day

Secondary

_____________

17.

8/11 Abees
station

Al-Mansheya
Drain no. 4

3000
m3/day

Secondary

_____________

26

Al-

Source: Tables (1-11) the holding company for sewage and potable water 2009-2010
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2. Lake Maryut Water Resources
The lake water resources consist of one navigational channel (Nubaria Canal), and two drains (AlKalaa drain and Al-Omoum drain) in addition to the old outfalls in the north of the main basin. They
can be described as follows:

Al Kalaa Drain:
This drain is located at the end of the navigation channel coming from Abees and located south of the
Lake Maryut. It receives the initially treated and untreated sewage and directly pumps into the
southeastern part of the lake’s main basin. The East Treatment Plant is considered as the main
source of sewage for Al-Kalaa drain through Al-Moheet Drain (where the effluents and human wastes
are being collected from Al-Montazah) and the east of Alexandria to be initially treated; the quantity of
water drained out of the station is estimated 500 000 m^3/day. As for Smouha Drain, it is the source
of Al-Kalaa Drain’s untreated sewage, while Al-Amlak drain is a small stream of Al-Kalaa Drain which
includes the agricultural drainage water along with some untreated human wastes of some slums.

Al-Nubaria Canal:
The Nile branch (Rosetta) is considered as the main source of Nubaria Canal where the canal
navigation channel passes through the main basin dividing it into two parts in which the channel water
contains petroleum substances wastewater and agricultural wastewater caused by the industrial
waste water.
A siphon has been established at the intersection of Al- Omoom Drain and Al Nubaria Canal for the
transfer of Al-Omoom drainage water below Al-Nubaria Canal Over time. A siphon blockage occurred
and made it surrounded by the water logging of Al-Omoom drain through the side channel and
openings as well as the main and western basin intersection with Al-Omoom Drain.
It is considered to be the largest single source of waste water on the lake and Al Max pumps station; it
is formed of agricultural waste water caused by the agricultural irrigation areas in Alexandria in
addition to some untreated drainage water to Al-Omoom Drain in Abu Hommos. This drain is
bordered in the northeast by the southwestern basin and in the southwest by the main basin. A part of
this drain’s waste water enters the southeastern part of the main basin where it affects the water
quality. In addition, there are some openings in the drainage channel along Al-Omoum Drain that lead
to direct mixing with the lake water. Al-Omoum Drain is considered to be the largest water source of
Maryut Lake; it is also an agricultural drain full of pesticides.

The Old Outfalls in the North of the Main Basin
Before, the basin was suffering from the industrial wastewater released from three outfalls: Mogamaa
Al-Masanea- Gheit Al-Enab Drain- Al-Kabbari
The direct discharge from the three outfalls resulted in the accumulation of sediments and feces in the
southeastern part of the lake at the entrance curve of the Desert Road. In 1993, all the outfalls were
closed and the western treatment plant took over the responsibility of refining them (where it collects
the industrial effluents and human wastes from the central and western areas of Alexandria to be
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pretreated then directly disposed of in the lake basin (6000 acres). The quantity of discharged from
the plant is 200 000 m^3/day.

The wastewater discharged in Lake Maryut is composed of (Alexandria Environmental profile 2007
&Data of Alexandria company for water and sanitary drainage):
-

60% agricultural wastewater from Al-Omoum Drain.

-

22% irrigation water from Al-Nubaria Canal.

-

10% raw industrial wastewater and pretreated wastewater from Al-Kalaa Drain (the east
treatment plant).

-

3% pretreated sanitary drainage by the west treatment plant.

Figure 2: irrigation canals and drains network

Source: CEDARE – Alexandria Topographic map 1:50000
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Appendix 7 – Urban Vulnerabilities Related Data

1. Historical Approach and Urban Expansion
Figure 1: Alexandria in the Greece Era 331 B.C (Alexandria profile 2007).
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Figure 2: Urban growth of Alexandria city (Source: Residential city growth – GOPP2006)
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2. Detailed Land Use at District Level
Al-Montaza District:
As summarized from the map in Figure 3, the following table lists the areas of landuse classes in AlMontazah district. The total area of the district is about 6841.27 Hectares. The urban areas comprise
about 3018.64 Hectares while the agriculture areas comprise about 3806.64 hectares.

Figure 3: Land use map of Al-Montaza district (Source: GOPP 2006 – Alex. Survey maps 1:5000 –
Google earth image 2006)
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Table 1: Areas in hectare for Al-Monataza district landuse

Classification
Residential artificialized territories
Industrial and commercial areas

Area (Hectare)
1873.33
227.88

Hangar and Warehouse

15.27

Port Areas

72.63

Facilities

655.34

Cemetery

8.44

Urban green areas

4.74

Sports and leisure facilities
Agricultural territories
Orchards and small fruit

161.01
3733.23
0.51

Open spaces without or with little vegetation

72.90

Beaches, dunes and sand

15.99

Sharq district :

Figure 4: Land use map of Sharq district (Source: GOPP 2006 – Alex. Survey maps 1:5000 – Google
earth image 2006)
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Table 2: Areas in hectare for Sharq district landuse

Classification

Area (Hectare)

Residential artificialized territories

1369.01

Industrial and commercial areas

404.05

Hangar and Warehouse

4.22

Airports

4.02

Facilities

237.69

Cemetery

2.50

Urban green areas

59.55

Sports and leisure facilities

110.48

Agricultural territories

963.69

Orchards and small fruit

0.99

Beaches, dunes and sand

6.89

Open spaces without or with little vegetation

31.01

Fish Farm

415.23

As summarized from the map in Figure 4, the above table lists the areas of landuse classes in Sharq
district. The total area of the district is about 3609.33 Hectares. The urban areas comprise about
2191.52 Hectares while the agriculture areas comprise about 995.69 Hectares. In addition, there is a
big area of water body (Hydrodrome) comprise about 415 Hectares used as fish farming.
Wasat, Gharb and Al-Gomrok Districts:
Table 3: Areas in hectare for Sharq district landuse
Classification
Residential artificialized territories
Industrial and commercial areas
Hangar and Warehouse

Area (Hectare)
1212.71
693.77
48.33

Airports

297.80

Port Areas

134.47

Facilities

334.24

Cemetery

59.16

Mines, landfills and worksites

12.45

Urban green areas

40.89

Sports and leisure facilities

49.88

Agricultural territories

82.14

Open spaces without or with little vegetation

23.50

Beaches, dunes and sand
Rivers and Waterways
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Figure 5: Land use map of Wasat – Gharb and Al-Gomrok districts (Source: GOPP 2006 – Alex. Survey
maps 1:5000 – Google earth image 2006)

As summarized from the map in Figure 5, the above table lists the areas of landuse classes of Wasat,
Gharb and Gomrok districts. The total area of the mapped districts is about 3135.13 Hectares. The

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 414
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

urban areas comprise about 2871.25 Hectares while the agriculture areas comprise about 105.64
Hectares.
Al-Amreya and Al-Agamy Districts :

Figure 6: Land use map of Al-Amreya district (Source: GOPP 2006 – Alex. Survey maps 1:5000 –
Google earth image 2006)
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Table 4: Areas in hectare for Al-Amreya district land use
Classification

Area (Hectare)

Residential artificialized territories

9214.04

Industrial and commercial areas

2447.19

Hangar and Warehouse
Airports

489.69
2911.78

Port Areas

254.25

Facilities

791.59

Cemetery

4.62

Mines, landfills and worksites

4435.28

Urban green areas

37.63

Sports and leisure facilities

66.58

Agricultural territories
Orchards and small fruit
Open spaces without or with little vegetation
Beaches, dunes and sand
Sabkha

69485.75
238.91
1858.40
61771.83
453.71

Rivers and Waterways

9268.25

Fish Farm

1860.18

As summarized from the map in Figure 6, the above table lists the areas of land use classes of AlAlmreya district. It is considered as the largest district in Alexandria. The total area of the district is
about 165600.9 Hectares. Most of the district areas distributed between water cover that used as fish
farming, Lake Maryut and salt mining and the others as desert sands and Sabkhas. The urban areas
comprise about 20652.65 Hectares while the agriculture areas comprise about 69485.75 hectares
where most of these agricultures were newly reclaimed lands.
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Borg Al Arab District:

Figure 7: Land use map of Borg Al-Arab city (Source: GOPP 2006 – Alex. Survey maps 1:5000 –
Google earth image 2006)
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Table 565: Areas in hectare for Borg Al-Arab city landuse

Classification

Area (Hectare)

Residential artificialized territories

4307.49

Industrial and commercial areas

1049.70

Airports

933.36

Facilities

191.38

Mines, landfills and worksites

207.09

Urban green areas

7.61

Agricultural territories

20445.39

Orchards and small fruit
Open spaces
vegetation

without

1784.59
or

Beaches, dunes and sand
Sabkha
Rivers and Waterways
Fish Farm

with

little
7563.93
10291.63
194.18
4835.80
753.83

As summarized from the map in Figure 7, the above table lists the areas of landuse classes of Borg
Al-Arab district. It is considered as second largest district located to the west of Alexandria. The total
area of the district is about 52565.98 Hectares. About 5000 Hectares of the district distributed
between water cover some of them used as fish farming. The urban areas comprise about 6489.54
Hectares, the residential urban comprises more than 4000 Hectares while industrial use comprises
about 2400 Hectares. The agriculture areas comprise about 29793.91 Hectares where quarter of this
area is barely agriculture lands.
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3. Infrastructure and Facilities
General Presentation

Figure 8: Main Transport Infrastructure of Alexandria Governorate (Source: GOPP 2006)
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Roads and transportation
Alexandria governorate is related to the rest of the Egyptian governorates by the inter-provincial road
network as shown in Figure 9:
•

Alexandria – Cairo Agriculture road, with average of 2000 vehicle/hour

•

Alexandria – Cairo Desert road, with average of 2200 vehicle/hour

•

Alexandria – Matruh road, with average of 16 thousand vehicle/day year 2004

•

Alexandria – Edko – Rashid road, serves product transaction between Alexandria and Rashid
with average of around 2100 vehicle/day year 2006

•

International coastal road, with average of 2200 vehicle/hour

•

Wadi Al-Natroon – Al-Alamin road it passes by the south of Borg Al-Arab but it joins Egypt
north west coast and the south of Egypt

•

Al-Guish road joins Noubareya and Borg Al-Arab with the west North Coast

The city is served with a network of internal horizontal and vertical roads:
•

2 main horizontal roads serving the east of the city, Cornish road the most major and touristic
road which traverse 60% of transportation from west to east of the city Al-Horeya road
traverse 35% of the transportation density but lack of planning in road number of lanes and
intersection with other roads

•

1 main road serving the west with only one vertical main road that passes through the whole
urabn area

•

Al-Mahmoudeya lake road joins the east of the city to the west

•

Moharam Bek road – Al-Quabary joins east of the city with its west

•

Al-Taamir road joins the city with the industrial zone and Borg Al-Arab airport and north coast
villages without entering in the residential areas.

•

AL-Sad AL-Ali road joins El-Max area with Alexandria –Cairo desert road

•

Al-Zeraa Al-Bahary road joins the north coast with Alexandria – Cairo desert road

The width of major roads varies between 12m to 45m. Major streets within the city join the city with its
villages.
The road network in the city includes bridges and tunnels that help in facilitating. The most important
bridges are: Moharam Bek Bridge, Abis on-fly Bridge, Al-Namous Bridge, Bab 27 Bridge, Merghem
Bridge, Al-Amreya Bridge and bridges of Al-Taamir road and also bridges on top of Mahmoudeya
Lake. Concerning the tunnels, there is the Abd Al-Meneem Reyad tunnel, the 45 street tunnel, the
Mohamed Naguib Tunnel and also rail ways and tram tunnels.
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Figure 9: Main rail and road networks of Alexandria (Source: GOPP 2006)
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Railways
Alexandria is linked with other cities through a very good network of railways as follows and shown in
Figure 9:
•

Railway line Alexandria – Tanta – Cairo

•

Alexandria – Al-Saloum Al Saheli

•

Alexandria – Rashid

•

Al-Dekhila port railway line to Matruh railway line

Airports
Airports that serve the aviation traffic in Alexandria are Nozha airport and Borg Al-Arab Airport (see
Figure 8). The latter is planned to accept big airplanes and is good for development as it is far from
the centre of city.
Ports
Alexandria ports are the major ports in Egypt.
Electricity Services
The electricity produced for light is 3094 million KW/year, and amount used in industrial section 5490
million KW/year. Amount per person 824 million W/year
In the planning of 2017, it was proposed to build a station to the north of Wadi Al-Natron road to serve
the industrial zone in Monquar al-Hodhod area, and also to build Sidi Krir station to serve the urban
development to the west.
Gas Network
Alexandria city is served by two main Gas companies that are developing projects to cover gas
services for the whole city, the next (Figure 10) shows served areas of gas covered in 2006 is green.

Climate Change Adaptation and Natural Disasters Preparedness
in the Coastal Cities of North Africa

Page 422
Draft Final Version

AASTMT / Egis Bceom Int. / IAU-IDF / BRGM

Figure 10: Alexandria regions served by gas services 2006 (Source: Alexandria Gas Company)

Sanitary Services
Actual situation of sanitation services:
3

-

Amount of liquid sanitation produced daily 1.3 million m , for each person 372 liter/day. The
3
stations are under updates to produce 1.9 million m .

-

Amount produced from industrial sector 2 million m .

-

The sanitary network covers all planned Alexandria area except of El Amreya, which is under
construction now.

-

24 informal settlements are covered and updates are being done to cover more 19 informal
settlements and plans are held to cover more 25 areas.

-

The informal settlements in Aboukir drainage go into the bay because of no sanitary network
there.

-

Total number of sanitary stations is 92. (Figure 11).

3
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Figure 11: Current and proposed Sanitary stations (Full planning development for Alexandria 2017)
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Table 6: Number and type of Sanitary Stations in Alexandria Districts. (Source: ASDCO – Alexandria
Sanitary Drainage Company, 2009))

District

Secondary
Stations

Reserve
Stations

AlMonataza

4

16

3

1117.01

23

Sharq

6

8

1

2207.00

15

Wasat

3

8

1

616.80

17

Al-Gomrok

2

273.16

5

Gharb

1

2

177.92

3

Al-Amreya
&
AlAgamy

10

7

177.78

17

Borg
Arab

4

11

226.00

15

27

52

4795.51

92

Total

Al-

7

Rainfall
Stations

Total
no.
of
stations

Primary
Stations

2

Winter
stations

Total
capacity
1000
3
m /day

5
1

1

5

Solid and Hazardous Waste Management
Solid waste activities in the Alexandria Governorate are managed by the Egyptian Operator OnyxAlexandria, contracted by the Governorate.
There are six landfills in Alexandria as shown in Figure 12. The new municipal landfill is located in El
Hammam area, about 40 km. west of Alexandria city. Two composting plants are operating in
Alexandria, i.e. the Montaza and Abis Composting Plants. The main composition of municipal solid
waste is plastic, paper/cardboard, glass, ferrous metals, bones, rags, aluminum and organic material.
The American Chamber of Commerce has conducted a study on solid waste management in Egypt in
2000. The amount of municipal solid waste generated in Alexandria in the year 1997 is about 4,761
tons per day. This amount breaks down to about 3,648 t/d from urban areas and 1,113 t/d from rural
areas.
The Nasreya Hazardous Waste Treatment Centre located south of Borg El Arab road is the only
hazardous waste treatment and disposal facility in Alexandria. The centre started operations in 2005
and occupies a surface area of 37 feddans. The capacity of the landfill was designed based on the
existing demand of the Alexandria Governorate. The landfill does not accept cyanides mercury,
explosives, radioactive waste, flammable, oxidizing, reactive, organic waste, and domestic or hospital
waste. The solidification-stabilisation process is used when the solubility of certain components (e.g.
heavy metals) exceeds the landfill criteria. Inorganic hazardous waste in liquid or sludge form is
processed in the physical-chemical treatment plant.
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Figure 12: Locations of the landfills in Alexandria (Source: GOPP 2006)

Public buildings and main Urban Facilities
As shown from Figure 13, most of the public building and the main urban facilities are concentrated in
the city centre and the eastern and still with urban development toward the East, the west and the
south of the city; services do not cover these areas like the city centre. The industrial and commercial
facilities are concentrated at the built-up peripheries and Lake Maryut and Valley. The superstructures and facilities are dominated at the western area in addition to the ports areas.
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Figure 13: A map showing public building and main urban facilities (Source: GOPP 2006 – Alex.
Survey maps 1:5000)
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4. Lake Maryut
Lake Maryut is the main natural sensitive component of the study area. The lakeside urban areas are
also highly sensitive.
4.1. Physical characteristics

Figure 14: Lake Maryut area development (Source: Alleam and Samaan 1989)

It is one of the major lakes in Egypt and forms the southern boundary of the city of Alexandria. It has
an area of 60 km2 and ranges in depth from 1 to 3 meters.
Lake Maryut has been in existence for more than 6,000 years. It covered an area of approximately
700 km2, extending more than 40 km southeast and 70 km southwest along the Mediterranean cost.
The lake has gone over the years many changes to the extent that it became dry in several years.
There is no any connection with the sea, but it was getting its water from River Nile.
The growth of Alexandria over the centuries and topographical changes has significantly contributed
to lowering the water level of Lake Mareotis. As a result, more of the lake islands and traces of
harbours had emerged.
The water level of the lake was directly affected by the season and Nile flood. In 1892 the irrigation
system for the north-western Nile Delta was modernized, and the lake was used as a receiving water
body for agricultural drain water.
Lake Maryut has been subject to major modifications, most of which are either direct human
interventions or indirectly result from such interventions. Human activities have put the lake to a wide
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variety of uses some of which are benign, including fishing. However, these uses are not always
consistent as the Lake has also been used for discharging of primary treated sewage and industrial
wastes. The lake environment was continuously subjected to quality degradation due to human
pressure as well as land reclamation reducing the area of the Lake. In 1801, the original area was
probably in excess of 700 km2.
4.2. Socioeconomic features
According to studies conducted in the area neighboring the Lake, three main social groups are
identified, namely: fishermen, poorer communities and scattered land divisions. Approximately 7,000
fishermen exploit the Lake Maryut fishery resource. The social organization of these fishermen is
highly structured. The lake is divided to sections organized by head fisherman. Fishermen in general
have a very poor quality of life.
The total number of houses in the area was estimated to be 1,236 and the total population of this
area was estimated to be 6,792 persons. Majority of houses are very primitive of only one to three
rooms, with poor conditions like not having a separate place for preparing food. Houses floors are
71% cemented, 19% paved and the rest are dusty. The majority (95.2%) of houses is inadequately
ventilated and has poor lighting.
Inhabitants of the area do not have any services like health centers, garbage collection, sanitary
drainage and not even paved roads. The inhabitants of Lake Maryut area suffer from many parasitic
and endemic diseases.
4.3. Main issues concerning lake Maryut
Concerning pollution problems we have past massive discharge, which affect water and sediments.
Also, we have current discharges into the lake represented in:
- El Qallah drain: domestic sewage, industrial and agricultural wastewater.
- Al Omum drain: agricultural wastewater.
- Domestic Sewage (treated or not).
- Numerous illegal discharges.
Concerning Declining area of the lake, there are:
- Land filling.
- Illegal encroachment on the lake vicinity.
The main causes of these problems can be summarized in:
- Mismanagement
- Misinformed decisions
- Unclear Institutional setup: The Lake is currently managed by a wide range of authorities at both
local and national levels.
- Large number of stakeholders with conflicting interests
- Lack of financial resources & misallocation of what exist
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5. Analysis of Urban Vulnerabilities and Risks
The following appendix provides some exemples of possible use – as well as limitations – of the GIS
and DEM developed in the framework of the present study.
5.1. Alexandria Soil Vulnerability
Using given geological data for Quaternary soil in the city, reclassifying quaternary soil data and
grouping it into 3 major types: Limestone, sand sheets and silt clay, a map of quaternary soil
classification was delivered (See Figure 15).

Figure 15: Quaternary soil classification map (Source: Alexandria Geology map)
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Table 7: Quaternary soil classification with its area in Hectare

Quaternary soil classification

Area (Hectare)

Limestone with sand

74365.98

Sand sheets

113271.96

Silt clay with evaporates

35357.76

Using geology data and combining it with the landuse data to define areas of sensitive components to
be highlighted and used in further more hazard analysis, 3 maps were delivered according to the 3
quaternary classification land soil groups.

a) landuse on Limestone with sand

Table 8: Detailed urban landuse areas in hectare that are on limestone quaternary soil type derived from
the map in Figure 15
Dense continuous residential urban fabric

16.1910

Averagely dense continuous residential urban fabric

67.1928

Discontinuous residential urban fabric

1104.7966

Regrouped informal housing

549.4678

Industrial and commercial areas

512.1977

Hangar and Warehouse

434.6521

Airports

528.3900

Port Areas

6.3890

Superstructure facilities

53.2037
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Figure 16: Urban landuse on limestone Quaternary soil (Source:? GOPP 2006, Alex survey maps
1:5000, Google Earth image)
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b) Land use on Sand sheets

Figure 17: Urban landuse on sand sheet quaternary soil (Source: 2006, Alex survey maps 1:5000,
Google Earth image)
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Table 9: Detailed urban landuse areas in hectare that are on sand sheet quaternary soil type derived
from the map in Figure 15
Dense continuous residential urban fabric

1882.7469

Averagely dense continuous residential urban fabric

230.5072

Discontinuous residential urban fabric

3609.1940

Regrouped informal housing

2822.6168

Industrial and commercial areas

2160.1598

Hangar and Warehouse

28.3546

Airports

3316.7523

Port Areas

169.9236

Superstructure facilities

137.1389

c) Silt Clay land use
Table 10: Different urban landuse area in hectare that are on silt clay quaternary soil type derived from
the map in Figure 15
Dense continuous residential urban fabric

979.1061

Averagely dense continuous residential urban fabric

724.8455

Discontinuous residential urban fabric

476.9600

Regrouped informal housing

803.5472

Industrial and commercial areas

2118.6876

Hangar and Warehouse

86.0399

Airports

301.8241

Port Areas

101.7588

Superstructure facilities

525.9935
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Figure 18: Urban landuse on silt clay quaternary soil (Source: 2006, Alex survey maps 1:5000, Google
Earth image)
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5.2. Vulnerability from Inundation and marine submersion
Using the topographical data and the delivered DEM2 and its delivered area of height less or equal to
0.5m above the sea level and comparing the result DEM with the land use data, a land use map was
delivered

DEM2 0.5m above sea level model
By comparing the area out of the DEM2 less or equal to 0.5m above the sea level with the urban land
use (See Figure 19).

Table 11: Landuse classification in Hectare that are only 0.5m above sea level derived from the map in
Figure 19
Residential urban fabric

1956.596

Industrial and commercial areas

1948.3750

Hangar and Warehouse

347.8246

Airports

296.7489

Port Areas

312.9892

Superstructure facilities

224.6023
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Figure 19: The land use areas that are only 0.5m above sea level (Source: 2006, Alex survey maps
1:5000, Google Earth image).
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Appendix 8 – The Methodological Issues and Proposed Approach of the
Economic Evaluation
Before presenting the calculation of costs for each type of hazard, some general methodological
issues should be presented, together with the approach adopted to address them. The aim is also to
define the meaning of the economic study as well as its scope.

1. The Sense of Economic Approach
The idea of climate change cost is becoming increasingly widespread, The perimeter of this study is,
however, distinct from this as — while it covers disasters that, in some cases, can be linked to CC
(e.g. consequences for health of a rise in average temperature, heat waves) — it also includes other
hazards, such as geological events that are not a priori CC related (earthquakes and tsunamis,
although a rise in seal level could amplify the risks associated with such disasters). For some
observers, CC may sometimes have an amplifier effect (flooding) or it may be that the link between
CC and a certain type of hazard is not yet well understood by scientists (storms). The difficulty is,
therefore to be able to qualify, for a given hazard, the proportion of a given phenomenon that can be
attributed to CC. The study consequently focuses above all on disasters in general and not on CC,
even though CC must be taken into account.
The perimeter of the costs associated with each hazard is specified, when available, more fully in the
report. Prior to this, another aspect of costs warrants clarification. Although the method is widely used,
it has certain limitations. Notably, the evaluation of assets is for a given year (2030), whereas the
hazards are distributed over time in accordance with their own governing laws. Short of developing a
formalised way of taking account of the continuity of this phenomenon, which would be far beyond the
43
scope of this study , the choice of reference period is inevitably somewhat arbitrary. This is not
specific to this study: risk studies are also based on a vulnerability baseline, usually corresponding to
the current situation, whereas the hazard events will occur in the future when vulnerability, and
therefore the value of assets, may well have changed significantly. Conversely, the originality of this
study is that it does not take 2010 as the baseline year but rather 2030. This constraint engenders
greater methodological difficulties and uncertainties than usual, whereas this point is already often a
real problem. It is a limitation that must be recognised, notably in the context of the Alexandria study,
which already present a lack of data for the actual vulnerabilities and hazards. This makes the
prospection to 2030 even more uncertain. There are, however, two good reasons for proceeding in
this manner:


First, it is in the interests of consistency in the risk analysis: if the hazards are projected over
time, in order to take account of the effects of CC, the same should be done for vulnerability
in the interest of methodological consistency, failing which the figures obtained would be
difficult to interpret.
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We can imagine producing functions of factors underlying vulnerability over time. Obtaining ‘draws’ of the hazard events over
time in accordance with the respective random variables governing their occurrence, it would be possible to calculate damage
that is a good representation of the vulnerability at the time the event occurred. Repeating this experiment with a large number
of ‘draws’, using for example techniques such as the Monte Carlo method, we could, in theory, obtain a more faithful image of
the damage, taking account of changes in vulnerability up to a given time horizon. However, the Consultant found no studies in
the literature that used this principle, which would require a deal of work to structure and process the data.
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Second, it is the lesser of two evils: increasing uncertainty by projecting a complex unit (the
urban environment) to a more distant time horizon or remaining in 2010 with the risk of
working with a vulnerability basis that is wholly inexact (changing vulnerability); the strong
growth in assets in Alexandria induced by the dynamics of population growth, densification
and spatial extension also argue in favour of the methodology adopted.

Although the projection to 2030 cannot provide a faithful image of damage over time, it does,
nonetheless, allow qualification of the changes in risk over the 2010−2030 period. In fact, the
factors reducing vulnerability are often ‘discretisable’ events (for instance, installation of an increased
capacity drainage network or building of breakwaters) at least where structural vulnerability is
concerned. It is true that, conversely, improved conditions of health or risk preparedness are more
continuous. It should be noted that estimation of such impacts on the BaU situation is a more delicate
task. On the other hand, increase in vulnerability is a phenomenon that has the advantage of
continuity: population growth, densification of value (strong growth in real estate), spatial extension,
etc. Changes in vulnerability can therefore, overall, be considered as increasing, although with
downward steps that often correspond to major structural investments (the saw tooth pattern in the
graphic below). The slope of the vulnerability curve may decrease or increase depending on the
degree of integration of the more diffuse aspects of risk management into urbanization policies (new
building standards, land-use plans, etc.), but also of economic growth. On the one hand, hazard is
increasing overall, as CC generally brings about less advantages than disadvantages where risk is
concerned, the provisional ‘slopes’ being directly linked to the reliability of downscaling. These two
trends (hazards and vulnerability over time) allow a qualitative estimate of risk over the 2010−2030
period, and even of post 2030 trends.

Figure 1: Vulnerability evolution according to urban development scenarios
vulnerability
Passive scenario: no account taken
of risk in urban planning
BaU scenario: urban development as
currently planned
Improved BaU scenario: including
additional preventive measures
(Phase II)

2010
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The parallel to the difficulties mentioned should also be put into perspective with the study format,
notably in terms of time and budget. This pilot project must be based on capitalising on existing
knowledge of methodology in the area of risk analysis whilst innovating in adapting to the somewhat
untypical format proposed. In this context, economic study does not have the same meaning as in a
conventional project.

This cannot be a decision-making tool for a specific project with a limited perimeter but rather a
non-trivial simplification of a complex phenomenon, the link between urbanisation and
natural hazards, so as to facilitate understanding of the link, notably by providing elements for
appraisal of the sensitivity of key variables governing risk and urban resilience.

2. Cost Calculation Methodology
Prior to actual cost calculation, we must stipulate a key principle which we have decided to apply,
sometimes referred to in the text as the conservatism principle: in general, we give precedence to
under-estimation of economic damage rather than the converse. In fact the Phase I costs form the
basis of potential gains in the subsequent analysis (Phase II). Now, methods for assistance in making
decisions about investment, whether structural or otherwise, are based on over-estimation of
expenditure and under-estimation of gains, in order to ensure that the deduced return is not wildly
optimistic. Similarly, uncertainties are numerous. Also, rather than sometimes choosing a value from
the upper part of a bracket then one from the lower part, it is more advisable to retain the same
tendency so as to always know in which direction the error will ‘lean’.

Costs of disasters, and even more so of CC, cannot be assessed as such but must be viewed within
the context of a given degree of vulnerability. Costs are a reflection of risk and, therefore, depend on
the hazard event, for which the effects of CC are taken into account here in so far as possible, but
also those of vulnerability. Consistency therefore requires consideration of the assessment of future
vulnerability. However, given the uncertainty in the projected Alexandria of 2030, it is reasonable to
suppose increasing urban density and urban spatial extension, which are the main drivers of
increasing vulnerability. Conversely, future infrastructures, such as implementation of a new drainage
scheme, can reduce vulnerability. All of these assumptions should be integrated into the reference
scenario. Elements of the BaU scenario may be stipulated for each hazard, making it possible to
characterise vulnerability.

This exercise is, by its nature, highly prospective and uncertain, which is why it appeared to us to be
more advisable to describe changing vulnerability with a limited number of factors, projection of which
has acceptable uncertainties. Nevertheless, it requires a minimum of reliable local data in order to
describe the main factors driving future vulnerability, even if some trend assumptions based on actual
data need to be done. The main factors are the unit price per habitable square metre (in LE/m²),
density (number of inhabitants per hectare), the land occupancy coefficient (the number of habitable
m² per hectare at ground floor level) and the average number of storeys. This ‘vulnerability vector’ is
defined for each of the projected urban typology. Projection exercise should account for the following
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key trends: real-estate market, spatial variability of the price per m2, evidences (or not) of
44
densification, etc .
Studies sometimes distinguish between assets impacted in terms of their functions (dwelling,
commercial or industrial premises), dwellings typically accounting for around two-thirds of the total.
However, as the offsets between the vulnerability curves are less than the uncertainties, this
distinction had no added value in our case, notwithstanding the difficulties of obtaining reliable data.

These total costs of an event are the sum of its direct and indirect costs. The calculation of cost is
based on the concept of annual average cost (AAC), to allow for frequencies and intensities of
hazard events. For a given type of disaster, the integral of the costs weighted by their respective
probabilities gives the AAC, and corresponds to calculation of a mathematical expectation.

45

Direct costs mean the evaluation of direct damage. Direct damage is material damage arising
directly from an event, and that is tangibly verifiable immediately after the event. Evaluation of direct
economic damage is largely based on working with a GIS relating hazard events and
vulnerability. The damage calculated therefore relies on the spatial extent inherent to the different
events and to the vector of vulnerabilities of each type of urban typology affected.

Exhaustive calculation of the damage can, in principle, give rise to an almost unlimited need for
information on the spatial distribution of these value-concentrating factors, to better take account of
vulnerability. This is an approach that can be qualified as bottom up, in that it aims to aggregate
various given items of data to build up a reliable picture of the assets involved. Conversely, top down
methods consist in deducing these values from data available on a larger scale (national or regional).
Thus, for example, a conventional ratio used in insurance is to consider that the value of the assets at
a given site is within a bracket of between three and five times the gross domestic product (GDP) of
the area in question, which can itself be derived for the population density. In principle, the exhaustive
data collection of the bottom up approach is preferable. However, it is only rarely possible, given the
high cost and time required. Moreover, the uncertainties remain numerous even for the most exacting
forms of quantification. In reality, as soon as a quantification exercise is applied on a certain scale, the
use of simplifying hypotheses is inevitable.
This study is at an intermediary scale which has, to date, been little explored, as it covers several
wide urban extensions and a variety of hazards with real time and budget constraints. The aim was

44

Another method for establishing a base of potentially impacted assets is estimation of the insured value and the share of
insured value over all of the real estate and movable assets, for example. Unless the data are disaggregated in terms of urban
fabric, the method is a priori less accurate than the one proposed here. It is, however, interesting to perform the calculation to
verify coherence between the two methods.

45

We do not take account of human losses for two reasons that evidently come into conflict with the stated conservatism
principle: 1/ more than for the strict field of material damage, prediction in the area is uncertain; 2/ the debate surrounding the
value of a life or of injury is complex and leads to greatly varying results. For instance, the sole ‘weight’ of the injured and dead
is sometimes worth twice the sum of material direct and indirect costs (Cassale et Al, 2004).
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therefore to construct values allowing a bottom up approach suited to the level of data
accessible.

Our bottom up approach to direct costs is based firstly on real-estate values (see box above).
However, when hazard events occur other assets sustain losses that must also be estimated,
notably public buildings and infrastructure (transport, energy, water and sewerage
networks) as well as movable assets. The latter will be directly integrated into the damage
functions specific to each type of event. Taking account of the value of each type of network
and of their respective spatial distributions is beyond the scope of this study. Comparing data
used in other studies with values found in the literature we have set a coefficient of 10 to 20 per
46
cent to be added to the sum of the real-estate and movable asset values for a given area, to
cover all direct damage.

Comparison with top down approaches is not always possible as the perimeters covered may be
distinct. However, it appeared to us to be useful to attempt comparison when possible. A particular
aim was to validate or invalidate the observation that bottom up approaches provide damage
forecasts that are over-estimated in relation to top down methods (De Perthuis et Al, 2010).

There are different methods for assessing damage. The study proposes an analytical approach with
production functions, called here damage functions. Their construction is based on vulnerability
functions specific to each hazard. It is distinct from the so-called revealed methods, including hedonic
and contingent methods. The hedonic approach consists in analysing, for example, surface area unit
prices to isolate the impact of a given component, such as any form of pollution. Thus, after statistical
processing, it is possible to quantify the damage due to that form of pollution. There are several
contingent methods based on assessment of willingness to pay. Our choice focused on damage
functions, for several reasons:


compliance with the conservatism principle announced the start of this section: damage
calculated with this method is usually less;



the variability of results of revealed methods is generally greater than those of calculations of
direct damage, even if there is considerable uncertainty associated with these;



Lastly, revealed methods required dedicated studies, which are rare and/or inaccessible.

Once the principle of the bottom up method and use of the production function are accepted, it still
remains to clarify the methodology for economic evaluation of damaged assets. If, for example, a

46

In Hallegate et Al. (2008) feedback on the (hurricane) Katrina experience gives a ratio of 30%, finally adjusted to 40% by
similarity with a British study. For Tunis, a calculation (BCEOM, 2005) gave a value of around 15% in relation to the real-estate
and movable asset costs of a flood, 7.5% of which was for road infrastructure alone. The two figures are clearly quite different.
Two reasons can be proposed for this: the perimeter chosen for the Tunis study was perhaps not very extensive, and the
density of public infrastructure is no doubt greater in more developed countries. We therefore assume an intermediate value of
20%, which we reduce to 10% for earthquakes which certainly cause more relative damage (shear effect) but for which the
real-estate basis allowing derivation of the infrastructure cost is greater than for floods (for which only the part of buildings on
the ground floor is counted).
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residence is destroyed by a storm, how is the damage to be quantified? Do we, for instance, count the
cost of rebuilding—known as replacement cost, i.e. the new value—or do we take account of the age
of the dwelling and evaluate its remaining value and pay only partial compensation, as insurance
sometimes does? Where this latter point is concerned, the real-estate value at purchase is taken,
based on the unit prices mentioned above. The aim is to give a good idea of the actual financial
commitment required and not just an idea of the value lost due to the disaster. Conversely, no
account is taken of a possible fall in real-estate values following a disaster.

A question associated with this point warrants attention: in the methodology used, based on realestate values, other things being equal, vulnerability is de facto lower in deprived quarters, since
the unit value is lower in those areas. This choice is arguable from the ethical standpoint. The
more so since resilience is also often lower for those already economically weakened. In fact the
marginal utility of absolute wealth is decreasing; better (or worse), the result is also true for relative
wealth: not only does a pound lost have less value depending on whether one has many or few
pounds, but even a loss of x per cent of one's capital has greater or lesser impact depending on the
absolute value of the capital. A disaster can have a discontinuity effect, precipitating an individual into
the critical poverty spiral; this is less the case for individuals with greater economic resilience.

The literature proposes, a priori, two ways of taking formal account of this ethical constraint in our
approach. First, the effects of disasters on mortality and health can be taken into account. The value
47
of a life does not, in general, depend on social status and, as deprived areas are usually more
densely populated, it is via the value of a life that the equation can be re-balanced. This, however,
poses two major problems: evaluation of mortality, which is fraught with difficulty and, above all,
establishing the value of a life, always arguable. The problem with this method is that the range of
choices of figures makes it possible to arrive at almost any desired result. This great variability and
uncertainty is clearly not compatible with the conservatism principle adopted for our approach. The
second solution is to use correcting coefficients to re-balance: for example, damage can be weighted
by social category (dividing the population into income quintiles) using the relationship between the
global average income and the average income of the quintile for each category in question. Here
again the problem is a dual one. First, the choice of coefficient is also, ultimately, highly arbitrary and,
in the case of breakdown by income, is highly dependent on the degree of fineness of the
48
breakdown . An additional difficulty arises from the fact that statistics do not cover very deprived
populations effectively, as they are not, or are only very slightly, stakeholders in the formal economy.
However, more fundamentally, given that the basis of the method is the surface integral over a
damage zone with unitary characterizations of value, it is, in some ways, a contradiction to
adjust the results artificially if certain areas are found to be under-valued.

47

This is not always the case: methods establishing a value of life based on loss of future income will show biases similar to
asset evaluation methods.
48

By way of example, in Penning-Rowsell et Al (2005) the following coefficients are presented: 0.74 – 1.12 – 1.22 – 1.64.
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The third way proposed therefore consists in not trying to account for everything in a quantitative
manner at any price, so as to decide solely on that basis but, conversely, to accept the partial
nature of the economic analysis in terms of future development choices. It is illusory, and even
dangerous, to assume that an urban vision can be derived from a single figure representing the entire
dynamic of the risks involved while integrating ethical aspects that are difficult to quantify. While the
complexity and cross-cutting nature of the different areas of risk require the association of imagination
and a rigorous approach to retain the added value of a rational approach, it is also an advisor's duty to
know where to set the limits of a perimeter to be integrated and of the degree of complexity to
be managed, beyond which quantification becomes meaningless. It also provides an opportunity
to (re)sanction the human and political aspects at the centre of urban policymaking in the face of
possible temptation to reduce everything to engineering and its different forms of optimisation. Faced
with, on the one hand, the uncertainties involved and, above all, with the ethical and fundamentally
political nature of certain choices, appropriate balances and complementarities must be sought
between technical advisors and political and administrative development managers. The sine qua non
condition for this complementary position is transparency on the part of the engineers as to the
assumptions underlying their work, and as to what can and cannot be predicted and with what degree
of certainty.
The points addressed above concern direct costs. Calculation of indirect costs is always a more
delicate matter. First, there is the question of perimeter, which varies from author to author, making
comparison/transposition difficult. Second, because the uncertainties are always greater and also
because these costs represent a large proportion of total costs. This is the main obstacle. In line with
our approach, based on a preference for under-estimation of costs, so as not to over-estimate the
base of potential benefits in Phase II, we give precedence to a restricted perimeter.

Another complex problem deserves attention, relating to the specific nature of the subject being
considered: the city. Indirect losses are often evaluated as losses of opportunity. For example, from
the point of view of a trader whose means of production is damaged, the production lost will be
counted as an indirect loss. However, on a larger scale, if it is possible to find local substitutes for this
trader, there is no loss other than the economic ‘friction’ of the cost of relocation, a simple efficiency
loss. This raises the question as to what is and what is not irreplaceable. The solely qualitative
definition is difficult and is, anyway, inadequate: a small part of the coastline can be lost without there
being ‘damage’ if a few dwellings are re-allocated elsewhere. However, this reasoning no longer holds
true beyond a certain level of coastal destruction. This is also the case for trade, industry, etc.

The complexity of formalizing the, ultimately, intuitive notion of absorption capacity or perhaps
the resilience of a given place can clearly be seen here. If a qualitative approach is pursued, a
scale effect can also be expected: the share of indirect costs will increase rapidly with direct
damage. Definition of a resilience indicator in the face of a given hazard could be envisaged,
at precisely the point where direct costs exceed indirect costs or, even more interesting, when
the slope for the function associating direct cost and indirect becomes greater than one (1).
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Attempts at sophisticated formalization of calculation of indirect costs are fairly few. The ARIO
model (see Hallegatte, 2008) is one. Based on the study of Hurricane Katrina, it gives a quantitative
account of the trends mentioned above. Thus the question of ‘calibration’ of an estimate of indirect
costs is intimately linked to an appreciation of the city's resilience. Katrina was a major disaster for
which indirect costs represented 40 per cent of direct costs. However, in our context, it is to be feared
that a major disaster would be relatively more significant from an economic point of view.

It is interesting to compare orders of magnitude, even if the perimeters are sometimes different. In the
study of the flooding of Greater Tunis (BCEOM, 2005), for example, indirect costs of a flood estimated
to have a 100 year return period were estimated at 60 per cent of direct costs, based on an estimate
of lost working days for Greater Tunis. For the Manara earthquake (magnitude 7.4), in Turkey, the
World Bank estimated indirect costs at between 30 and 40 per cent of direct costs. For Katrina, a
proposed evaluation establishes the proportion of indirect costs at 40 per cent of direct costs
(Hallegatte, 2008). In other studies (Cassale et Al, 2004), 40 per cent is the lower end of the bracket.
Only one case in the literature referred to (and a theoretical one) led to almost negligible indirect
costs, in Copenhagen (Hallegatte et Al, 2008).

It is difficult to accept important figures with high uncertainties; we therefore prefer to perform an
estimative calculation of indirect costs that is intended to be realistic but consciously underestimating rather than to take an average without knowing whether the result is to be incremented or
decremented.

Although it can be envisaged, it did not seem worthwhile to construct and calibrate any
correspondence between direct and indirect costs, in the same way as the comparisons above. In
addition to the difficulties of calibration, this implies excessive simplification; direct costs are very
sensitive to movable asset and real-estate values, whereas intuition would rather link the driving
force of indirect costs to the human factor. We have therefore opted to include the latter by using
population density. Indirect costs associate a loss expressed as man-days in the areas affected as a
function of the intensity of an event, as well as a loss of the same nature but lower in unit terms over a
wider area (once again dependent upon the event), to take account of the causal link between an
affected place and the impact on its more or less remote environment.

It is worthwhile examining the main drivers and factors underlying the direct and indirect
costs modelled in this way: the areas involved, allowing for topography, and the material and
human densities. Taking account of both vulnerability related to intensification and to
extension, they represent free variables, which is a way of going beyond simplistic models
and of taking into account the multiplicity of urban dynamics, without however being fully
orthogonal, an illustration of their complex inter-dependency.
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I.e. attempting to account for real post-crisis interactions and not using average ratios applied to estimated populations.
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3. Managing Uncertainties

It is desirable to view this aspect in its entirety and not only on a case by case basis. In fact, the
themes addressed are numerous and the natural sciences inherently require working with sometimes
(very) approximate data. To this is added the necessity of establishing a time perspective (horizon
2030) and of accounting for the very complex and, as yet, only partially understood phenomenon of
CC. Accounting for the economic aspects also raises questions, in general, about the domain of
validity of the data used. Lastly, the geographical area studied is particularly vast. This begs a simple
question, put in its most abrupt form below, which must not be avoided: is it still meaningful to draw
quantitative conclusions with so many uncertainties at every step of our reasoning?

When a study encounters strong limitations of an irreducible and fundamentally problematic nature,
there is no alternative but to draw appropriate conclusions as to the function which the study can aim
to fulfil. This is the purpose of questioning the scope and meaningfulness of the economic analysis
developed in this report. Beyond this general point, others warrant being addressed in more detail.

A methodological issue is that of the quantitative approach chosen, in order to characterize the
uncertainties. The methods used to characterize events are mostly probabilistic disasters: a vector
characterizing the intensity of an event is associated with a return period, or a distribution of the
intensity of a given type of event. Conversely, calculation of a few characteristic vectors is purely
deterministic, even if the brackets of uncertainties can then be estimated. Therefore, for earthquakes,
floods and tsunamis, calculation of damage is that of a mathematical expectation corresponding to the
annual average cost (AAC) of the damage. In reality, the ideal situation is to emphasize
probabilisation in the vulnerability and damage calculations. This is the aim of some techniques used
by insurers and for development of indicators such as maximum probable damage corresponding to a
given return period. This is particularly interesting for rare but very destructive events, where an
approach using average values can mask the real nature of the risk. While the operations making it
possible to go from events to damage are generally simple, formal statement of probabilisation is not
immediate, as the law governing the event may not be easy to construct. Use of special statistical
tools, beyond the scope of this study, may be necessary. Here, we will be satisfied with conventional
management of uncertainties, by sensitivity testing, in line with the methodology.

There is a legitimate question as to the uncertainties of the BaU scenario from the hazardous
events point of view. Over and above the specific nature of analysis of each type of event, the
particular aspect of this study is the integration of CC. In this field the uncertainties of global models
combine with those of regional models. The limits of the exercise must be recognized here: the IPCC
refuses to associate probabilities with its six ‘families’ of scenarios, something with which it is
frequently reproached. Here, we cannot provide the answer to this question in the stead of a panel of
experts on the subject. Another issue is the robustness and strength of the downscaling models. Here
again this is a highly specialized debate and one for which the Consultant called on contacts
conversant with the state of the art in the field. While results diverge, this difficulty inherent to the
exercise should be accepted, as well as the strong operational constraints, given that the capacity to
advise is hence affected.
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We have seen above that it is not possible in the case of this study to adhere fully to a probabilistic
approach, ultimately the best able to characterize uncertainty. Since we have to proceed differently, a
simple fact should be borne in mind: no uncertainty is inherently too great. Uncertainty is
appreciated in the light of what we are trying to decide. When attempting to characterize changes
over time in a value that can be measured with an uncertainty of around 1 per cent, it will be difficult to
speak of increase or decrease if the variations observed are of the same order of magnitude as the
uncertainty itself. Conversely, large uncertainties are not necessarily incompatible with conclusions if
the observed variations are large with regard to the uncertainties. Moreover, the sensitivity to the input
and output variables of the models used has a strong effect on the notion of uncertainty. With the
exception of climate models, over which the Consultant has no real control, and in compliance with
the methodology, it is the sensitivity test approach that is adopted. It should be noted that this
question cannot be fully resolved at this stage, since the CBA is completed in Phase II, and it is at that
stage that this global analysis will be made, with calculation of the NPV. The indicator will then
combine geological, hydrological, hydraulic, geographical (especially topographical and therefore
accuracy of the digital elevation model − DEM) and socio-economic factors, when available, without
mentioning the eternal question of discounting rate.

So far as this chapter is concerned, a major uncertainty was that related to real-estate values in 2030,
and the calibration of the vulnerability curves specific to each hazard, as well as evaluation of the
man-days for indirect costs, but essentially for floods and earthquakes. On this point, local expertise
and input from the town planning specialist are key factors, especially for characterising the density
and type of buildings. It should also be noted that covering a very large area gave the possibility of
benefiting from a favourable scaling factor, since the use of average functions over a small area can
lead to larger relative errors than over a vast area, which will tend to smooth out the irregularities.

However, we must not mix all of the discussions. In particular, even if the underlying issue—the
reliability of conclusions drawn—is the same, we will maintain the distinction between uncertainties
and the methodologies chosen. For instance, the calculation method for AACs, a mathematical
expectation of annual damage, is criticisable since it does not always take account of changes in
vulnerability, especially, for example, the geomorphologic changes in a riverbed, or again the
continuity of changes in climate. No method satisfies all of the requirements and constraints, and the
choice of methodology must be distinct from reliability of the data, even if their interaction is nontrivial: it is better to take a simple model of changes in vulnerability rather than a more complex, and
potentially more reliable one for which we could not provide the (larger amount of) input data.

Finally, a useful concept to control the variable quality of data is to introduce a hierarchy of data
reliability. The British Department for Environment, Food and Rural Affairs (DEFRA) proposes the
following ‘scores’ in descending order of quality: Best of breed, Data with known deficiencies, Gross
assumption, Heroic assumption. Most of the data used are in the second and third categories. When
this is not the case, it is pointed out.
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