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1. Justification

The Mediterranean Sea
connects the coastlines
of countries in Europe,
the Middle East and
North Africa, making the
region environmentally
and culturally unique
and diverse. It is along
this coastline that many
of the cities of the an-
cient world were found-
ed. These cities, especial-
ly those in the east and
the south of the region,
currently face multiple
challenges. Heatwaves
and flash floods, health
effects of air pollution,
saltwater intrusion, and
an inadequacy of energy
and water resources, are
among some of the prob-
lems expected to intensi-
fy under climate change.
The urban case studies
provide an excellent op-
portunity for using an in-

tegrated and multi-scale
(temporal and spatial)
approach. In the spatial
dimension, work will ex-
tend from the inner city
boundaries to the sur-
rounding mountains,
coastal or forested areas.
In the temporal dimen-
sion, research will extend
from the observed time
period (using available
meteorological and sec-
tor data) to future time
periods using model out-
put from several climate
change projections. In
addition, a multi-sector
approach to climate
change impacts will be
adopted. The impacts
covered will range from
direct climate impacts
on natural ecosystems to
indirect impacts result-
ing from cascading cli-
mate-social-economic
linkages. Potential adap-
tation measures will be

examined across impact
sectors for each case
study. 

2. Key hazards 
and vulnerabilities

Climate projections for
the Mediterranean sug-
gest that the region will
become warmer and dri-
er with more frequent
and extreme weather
events. This presents a
threat to urban areas in
the form of increased
risks of flash floods and
heatwaves. These climate
hazards will inevitably
aggravate other environ-
mental issues, such as
water resource availabili-
ty, saltwater intrusion, air
pollution and peri-urban
forest fire risk. Socio-eco-
nomic sectors will also be
impacted. Human health
will be a major issue of

These notes provide an overview of the three urban case studies chosen to assess
the integrated impacts of climate change in the Mediterranean area. Separate
briefing notes are available for each case study: Athens (Greece), Beirut
(Lebanon), and Alexandria (Egypt).



lation. Therefore it is
from this area of the
Mediterranean that the
urban case studies have
been selected: Athens in
Greece, Beirut in
Lebanon and Alexandria
in Egypt (Figure 1). 

3. The case studies 

Athens, Greece is a large
metropolitan city with
around 4 million inhabi-
tants and a densely pop-
ulated urban area with
few green open spaces.
The topography of the
city, surrounded by
mountains, favours the
formation of air pollu-
tion episodes during pe-
riods of anticyclonic cir-
culation. The city is

prone to heatwaves in
the summer and floods
during heavy precipita-
tion events. Impacts of
climate change extremes
and air pollution on hu-
man health, tourism, en-
ergy demand and peri-
urban forest fire risk will
be examined in this case
study.
Beirut, Lebanon is the
largest metropolitan area
in Lebanon with around
2 million inhabitants,
nearly half of the coun-
try’s population. It is a
densely populated urban
area renowned for prob-
lems of water shortage.
In addition to the pres-
sures of high population
growth, water demand
has been rising in re-
sponse to the growth in
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concern under climate
change together with the
challenges of rising ener-
gy demand for cooling
and shifts in the seasonal
pattern of tourism. While
flash floods are mainly a
hazard for the northern
Mediterranean cities and
saltwater intrusion a
threat for low-lying and
deltaic areas, the other
climate, environmental
and socio-economic haz-
ards and threats are com-
mon to all urban areas in
the Mediterranean.
Vulnerability to climate
change is greater for ur-
ban areas in the south
and east of the region
with their limited eco-
nomic resources, rapid
population growth and
poor planning and regu-

Figure 1:
Location map 

of the three urban case
studies: Athens, Beirut

and Alexandria
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Box 1

Urban heat island modelling at the Hadley Centre

Climate model resolution tends to be much lower than the scales required to ex-
plicitly capture urban heat islands, and higher resolution models cannot practically
be run for extended periods of time. The Hadley Centre regional climate model
(HadRM3) runs at a much higher resolution (25km) than global climate models for
a limited area, in this case Europe and the Mediterranean. The influence of global
climatic change is introduced at the boundaries and by prescribing sea surface
temperatures. Even at this resolution the urban areas are poorly represented, as
shown below. To address this, the Hadley Centre uses a ‘tiled’ surface scheme. Each
grid box is represented as a mix of nine different surface types, one of which is ur-
ban. The heat and moisture exchange between the surface and atmosphere is then
determined for each surface type. In this way sub-grid scale urban areas and their
feedback on the local and regional climate are directly accounted for. The same ur-
ban scheme is used within the Met Office numerical weather prediction suite, and
has been shown to improve urban temperature forecasts. The combination of the
regional climate model and the ‘tiled’ surface scheme provide an important link
between large-scale features of climate change, and their potential impacts on lo-
calised environments such as found within cities. 

The fraction of each
25km grid box of the
Hadley Centre Regional
climate Model
(HadRM3) over the
European domain that
is classified as being of
urban surface type



ment in the region will
be undertaken.

4. Main climate threats

Increased frequency of
heatwaves and persist-
ence of high tempera-
tures and dry weather
are the key aspects of cli-
mate change common to
all urban areas.
Urbanization itself great-
ly affects surface charac-
teristics and their inter-
action with the wider at-
mosphere. This leads to
distinct urban climates
that differ substantially
from rural environ-
ments. The most appar-
ent consequence of this
is the urban heat island.
The capacity for the built
environment to store
heat during the day and
release it at night, along
with the direct release of
heat through human ac-
tivity (for example heat-
ing or cooling of build-
ings, traffic, and human
metabolism) can con-
tribute to higher temper-
atures within cities com-
pared to their rural sur-
roundings. The urban
heat island is also sensi-
tive to the ambient
weather and climate.
Non-linear associations

between the urban heat
island and climate result
in a requirement for the
inclusion of cities within
climate models (Box 1).

Acknowledgements

CIRCE (Climate Change
and Impact Research:
the Mediterranean
Environment) is funded
by the Commission of
the European Union
(Contract No 036961
GOCE) http://www.cir-
ceproject.eu/. This brief-
ing note forms part of
the CIRCE deliverable
D11.3.1. 

�Final version, 
January 2008

4

tourism and industrial
development.
Consequently, Beirut ex-
periences an acute water
deficit leading to inter-
mittent supply in most
areas, coupled with a
lack of piped water sup-
ply to a large number of
poor areas. This case
study will assess the so-
cio-economic implica-
tions of rising water de-
mand and deteriorating
water quality associated
with climate change, and
the development of
adaptation and conser-
vation strategies.
Alexandria, Egypt is the
largest city in the West
Nile Delta with a popula-
tion of over 3.5 million.
The Greater Alexandria
area is an important re-
source for agriculture,
tourism and industry,
but suffers from severe
environmental pollution
and a lack of environ-
mental monitoring and
regulation. Its deltaic lo-
cation makes the city
vulnerable to sea level
rise due to climate
change and saltwater in-
trusion. An exploration
of possible adaptation
options and an evalua-
tion of the socio-eco-
nomic problems imped-
ing sustainable develop-
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