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BACKGROUND


Regional study on climate change
adaptation
and
natural
disaster
preparedness in the coastal cities of North
Africa (Alexandria, Tunis, Casablanca and
Bouregreg Valley) 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.



The World Bank and (AASTMT) agreed on establishing a
partnership for conducting the study – MoU in July 2009.



AASTMT provided personnel and researches, data processing
and modelling facilities.



Contractor assigned by the World Bank is a consortium led by
EBI.

PROJECT OBJECTIVES IN ALEXANDRIA


Assessment of climate change and
natural disaster vulnerabilities of
Greater Alexandria by the 2030
scenarios.



Formulation of action plan that
improve adaptation of the city to
climate change and preparedness to
natural disaster.



Phase I: Assessing the vulnerability of greater Alexandria to
the expected impacts of climate change and to the risks of
natural hazards. (data collection and analysis – sharing
results). (AUG 2009- OCT 2010).



Phase II: Adaptation Action Plan of the city to climate change
and its resilience to natural disasters. (SEP 2010- JUN 2011).

CITY OF ALEXANDRIA


In the west of Rosetta branch,
spread out over almost 100 km of
coastline, from the coastal village of
Aboukir in the north-east to the
village of El-Deir in the south-west.



Population = 4.123 M, Area of over
230,000 hectares.



Alexandria has largest harbor in the
country and roughly 40% of the
Egyptian industrial activities.



The extension of the city to the south is impeded by the existence
of a large water body: Lake Maryut.

PROPOSED CLIMATE IN 2030


6 model scenarios run by Maroc Météo with assistance from
AASTMT show:



Average Temperature increase (1.4 – 2.5 °C for summer) and (1.2
to 1.9 °C for annual scale).



No notable change in the winter cold waves.



Only 2 models (ARPEGE-A1B and ARPEGE-B1), show a change for
summer heat waves (an average increase of 1 to 3.5 days).



In terms of rainfall evolution, a lack of consensus is noted
between the different model scenarios and this for all the
seasons/year.



The same observation is valid for the number of strong
precipitation events and their intensity represented by 90th
percentile.

PROPOSED CLIMATE IN 2030


Projected Changes (%), as per the different model scenarios, for
the number of strong precipitation events (pnl90) and for the
90th percentile (pq90)

Frequency of Events





Winter : blue bars
Spring : red bars
Autumn : brown bars
Annual : violet bars.

Intensity of Events

COASTAL EROSION AND MARINE SUBMERSION


Coast consists of sandy beaches separated by rocky headlands.
Beaches are experiencing slow but chronic long-term erosion of
about 20 cm/yr as a consequence of ongoing natural coastal
processes combined with sediment deficiency.



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 (1998 -2002),
creating “sediment starved” coastal cells.
Erosion risk map for 2030, risk is high in the outskirts.



COASTAL SUBMERSION






The coastal area is subject to submersion risk, during stormy
periods. Storm surges in association with spring tides (high
tides) rise water levels by 60cm above normal.
Occasionally, high tides occur in combination with storm surges,
and sea level can produce wave set-ups of 1.6 m. Such storm
surges can submerge the shoreline but low lying areas expanding
around Lake Maryut and South of Abu Qir are protected by
natural ridges or sea walls.
Submersion risk map for 2030, risk is high between Eldekhila
and Western harbour (and some stretches in Abu Quir).

COASTAL EROSION AND MARINE SUBMERSION


The Alexandria coastline stretches concerned by both risks are
approximately the following for the present scenario and the
period till 2030:



The climate change effect (20 cm of SLR by 2030) will induce
a growth of about 54% of the coastline under high risk of
erosion in comparison to the present scenario.



The submersion risk is similar in both situations studied.

FLOODING AND DRAINAGE ISSUES


Large parts of the Alexandria area lie below sea level, which
generates flood and drainage issues.

Source: Frihy 2003

FLOODING AND DRAINAGE ISSUES IN ALEX


The network has been improved and
upgraded during the last decades, but the
design rainfall is only a 2 years return
period, so overflows at manholes or
pumping stations work during winter
storms (squalls). These floods usually do
not exceed a few hours. So, no significant
damages because of inundations of the
urban areas except traffic.
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, to
facilitate the drainage of the surrounding agricultural areas. El
Max pumping station discharges the excess water into the sea.





Runoff waters are managed together with wastewaters in a
combined sewage and drainage network. Heavy rains during
winter storms (squalls) reach 100 mm/day for a 100 years event.

FLOODING AND DRAINAGE ISSUES IN 2030


According to the Flood simulations for a 100 years event, the
lake level does not raise more than a few decimetres, so the
impact in terms of possible inundation of the lakeside on
urban areas does not seem significant.



With climate change, despite uncertainties, more extreme
rainfall events may be expected (+ 30% intensity for the 100
years event).



Then, flooding conditions may be worsened because of the
combined effect of climate change and increased urbanisation.
Overflows of the present sewerage network may become more
frequent.



The two combined effects of climate change and urban growth
may double the water level rise in Lake Maryut for a 100 years
flood (+ 42 cm with climate change; + 58 cm with CC and urban
development).

WATER SCARCITY


Surface-water resources originating from the Nile via the AlMahmoudeya Canal are now fully exploited, while
groundwater sources are being brought into full production.



Only 31 M m3/year for groundwater resources, compared to at
least 1,825 M m3/year for the Al-Mahmoudeya Canal.



Alexandria is facing an increase in water needs, demanded by
population growth, urbanisation, higher standards of living
and expanding the agriculture production to feed the
population.



A significant part of the Egyptian industrial activity is located
in Alexandria, which is the major contributor of water
consumption in Alexandria urban area.

GROUND STABILITY


Ground instabilities, mainly related to subsidence process
currently occur in the Alexandria urban area. An average
estimate of the subsidence rate during 30 months has been
brought by the interferometric study carried out by the
company ALTAMIRA (on behalf of the European Space Agency)
within the framework of this project.



The interpretation of radar satellite images (ENVISAT, ERS
INSAR and ALOS), indicates locally a tendency to subsidence
with a rough estimate of an annual millimetric to plurimillimetric rate especially at the Northern border of Lake
Maryut, and in the Southern part of the city between Gharb
district and Abu Qir.



In the absence of specific research on the field, the most
probable explanation concerning the origin of these vertical
movements remains the compressing of the recent deposits
(because of the nature and thickness of theses sediments,
especially near Lake Maryut).

GROUND STABILITY


Comparison of current
subsidence areas for
ERS, ENVISAT and ALOS
studies.



Red polygons delimit
the affected zones.

Source: Altamira 2010

SEISM


North of Egypt is at the edge of a zone of
active tectonic convergence between the
European and African plates.



Probabilistic assessment of earthquake
shows that Alexandria urban area is
subject to a moderate risk, corresponding
to an intensity of around 5-6 MSK for
100 year return period and around 6
MSK for a 475 year return period.



The resulting potential damage
qualified as “very light” to “light”.



However, given the poor geotechnical
quality of Alexandria's soils, an increased
degree of intensity can be considered for
most of the urban area, with “moderate”
potential damage for the least frequent
events.



Subsidence areas detected by satellite
interferometry can be considered as
sensitive to such “site effect”.

is

TSUNAMI


The main tsunamigenic source
in this geographical area is the
Hellenic arc.



The most destroying known
tsunamis for Alexandria, dated
respectively 365 AD and 1303
AD, with reported wave height of
1m and 2.9m.



The risk of damage by tsunami
is however considered to be
very low, as these events are
very rare.



Such
tsunami
is
indeed
estimated to 12% of probability
of occurrence in 100 years, 6%
in 50 years, and around 2.5 % in
20 years.

URBAN VULNERABILITIES


The city, shows very
high densities along its
water-front.



It is built on a narrow
and partially elevated
coastal ridge facing the
sea, behind which are
located the lakes and
the low-lying rural
areas and wetlands.

URBAN VULNERABILITIES (SCENARIO 2030)


Alexandria may reach 6 millions inhabitants in 2030, (40%
population growth).



Consequently, this will urbanize the surrounding areas and
threaten critical natural resources, (e.g. Lake Maryut and El
Mex Bay, which currently play a critical role in the
management of drainage waters prior to their discharge into
the sea may be affected).



Direction of urban expansion will probably be westwards,
along both shores of Lake Maryut. However, it is possible that
urban expansion will continue south of the city, between Lake
Maryut and Abu Quir.



This will increase the exposure of poorer populations, the
appearance of new urban patches (major projects) on sites
relatively exposed to climatic risks (Abu Quir depression, Lake
Maryut, shoreline) and expansion of informal settlements
disregarding natural hazards.

URBAN VULNERABILITIES


In particular, an urban expansion in 2030, South of Al-Montaza
and Sharq district is likely to occur in low lying areas exposed to
subsidence, flood and marine submersion (possible breakage of
the Abu Quir Seawall).

ECONOMIC EVALUATION


The methodology used for assessing economic impact of
climate change and natural hazards 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 (DEM) and quantitative
estimates on future urban development scenarios were not
available, a thorough economic assessment was not possible.



However, some quantitative estimates were possible for
climate change impacts on health and water availability (as
they do not directly rely on spatial data), as well as earthquake
risk, which can be considered homogenous in the area
considered.

RESULTS



The total annual average costs of seismic risks is estimated to
646 million EGP in 2030, expressed in constant current EGP.



This represents 108 EGP / person / year in 2030, or 0.26% of
GDP of Alexandria in 2030.



The net present value over the period 2010-2030 is of about 7%
of the current GDP hence some 6.5 billions EGP.



Water scarcity due to climate change might lead to an annual
excess cost of 23.6 million EGP in 2030.

INSTITUTIONAL PREPAREDNESS


The country disaster background characterised by minor
earthquakes and floods.



So, The Government focuses on environmental remediation
and sustainability rather than adaptation and prevention
against Natural Risks.



The institutional capacity in Alexandria to manage these risks,
as well as to prepare community for potential hazards and
climate change impacts is limited.



The current organizational set-up remains 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.

CONCLUSION, HAZARDS SUMMARY
Hazard
Ground instability / seismicity
Tsunami / marine submersion
Coastal erosion
Flooding
Water scarcity

Time
2010
2030
2010
2030
2010
2030
2010
2030
2010
2030

Level
Low
Medium
Medium
High
Medium
High
Low
Medium
Low
High



Analysis show that Alexandria is at medium risk of marine
submersion and costal erosion, and a comparatively lower
risk of earthquake, tsunami, flooding and water scarcity.



Some issues need immediate actions, which will be reflected
in the Action Plan.
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