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1. Rationale

The Mediterranean Basin (MB) is a basin where concentration dominates, i.e.,
evaporation of ~ 1100 mm/year is way above rainfall input of ~ 400 mm/year and river
flows of ~ 8100 m®/s, which is equivalent to ~ 100 mm/year. As a result the thermohaline
circulation is an important process there. Deep-water masses are observed to be
generated in the Lyons Gulf, Adriatic Sea, Egean Sea and Levantin Basin. The above is
directly linked to biological activities and nutrients sources. Climate Change (CC) is then
expected to have specific impacts on water resources, and behavior of marine
ecosystems, among other things.

It is acknowledge upfront that the high natural variability of the Mediterranean
climate renders both the detection of CC and causal effects very difficult. Since the early
50s, the number and frequency of heat waves affecting the MB has increased. Moreover,
the early 1990s were notable for recurrent droughts and for periods of intense rainfall in
the western Mediterranean and for extreme cold events and rainfall in the eastern
Mediterranean. While all such trends and extremes could have occurred naturally, they are
broadly consistent with the potential effects of greenhouse gas emissions and aerosol
emissions to-date.

In 1986, the Scientific Committee of Problems of the Environment claimed that
CC and global warming "should be considered one of today's most important long-term
problems" (Bolin and others, 1986). In 1996, the Intergovernmental Panel on Climate
Change (IPCC-2) reported for the first time that past emissions of greenhouse gases
(GHG) appear to have had "a discernible influence on global climate" (IPCC, 1996a). It
was further found that, if current trends in GHG emissions continue, this could cause a rate
of warming over the next century "probably greater than any seen in the last 10,000
years".

The MB is particularly vulnerable to CC since summer rainfall can be scarce.
Small changes in local climate may have major impacts on population and ecosystems.
Water scarcity is the MB is endemic and changes in the water balance associated to CC
would have substantial implications on water supplies and yields of grains. While losses
may be partially offset by beneficial effects from carbon dioxide, crop production would be
further threatened by increases in competition for water and prevalence of pests, diseases,
and land losses through desertification and sea-level rise. This vulnerability of the MB is
compounded by the ongoing population growth together with desertification and land
degradation and serious concerns are raised on the sustainability of the region. World
prices for many key commodities such as wheat, maize, soybean meal and poultry could
rise significantly as a result of CC. Countries around the MB might loose substantially in
economic terms, but the combination of higher prices and crop losses would lead to a
deterioration in levels of food security.

In view of expected CC in the near future due to anthropogenic greenhouse gases
(GHG) and forcing, it is crucial to know about the thermal and hydrological changes in the
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MB and neighboring countries. Based on gridded data covering MB changes in
temperature and precipitation in the past (1948-1998) have already been investigated (Von
Storch et al., 1993; Jacobeit, 2000; among others). Water shortages and poor harvests
during the droughts of the early 1990s exposed the acute vulnerability of the MB to CC
and associated weather extremes. From these, it is clear that while many uncertainties
remain, CC will have profound and far-reaching implications for the ~350 million people
who live around the MB today, and for generations to come.

During mid-2006, over 80% of arid and dry areas in the MB are already affected by
desertification, and the consequences will be further exacerbated by the additional impact
of CC. “Much of the region is semi-arid and subject to seasonal droughts, high rainfall
variability, or sudden intense downpours”, said Mr Paul Mifsud, coordinator of the UNEP-
MAP (Mediterranean Action Plan of the United Nations Environment Programme, UNEP
Global Deserts Outlook available at www.unep.org ). “Poor management of scarce natural
resources - particularly water, agricultural land, energy and coastal zones - is
compromising economic development, the quality of life and social stability”. Soils become
salinized, dry, sterile, and unproductive in response to a combination of natural hazards —
droughts, floods, forest fires — and human-controlled activities. Fertilizers, pesticides,
irrigation, contamination by heavy metals, and the introduction of invasive plant species
are undermining the long-term health of the MB soils.

International bodies and national governments have responded to these global
issues by developing and implementing actions at the regional and national levels. In a
wide-ranging cooperative effort, 21 Mediterranean countries and the European
Commission, Contracting Parties to the Barcelona Convention, have adopted a
Mediterranean Strategy for Sustainable Development (MSSD), as declared by the MAP on
World Environment Day. “The Mediterranean region presents deep challenges for
sustainable development, but also great opportunities. Our understanding of global
processes, the development of much of our modern research, our ability to cope with
global environmental change, and the preservation of our global heritage depend to a
large extent on the way we manage and preserve the existing natural resources”, said Mr.
Mifsud. See also the “Mediterranean Strategy for Sustainable Development” available at:

www.unepmap.org/Archivio/All Lanquages/WebDocs/documents/mssd eng.pdf
2. Models

For the prediction of Mediterranean temperature and precipitation under increased
greenhouse warming conditions, all kind of models and statistical techniques are being
used: multiple regression and canonical correlation models: LMDZ-Med, Arpége-Climat
applied to the MB or Arpége-Med, IPSL in France, transient ECHAM 4 in Germany, and
GFDL in USA, among others.

In France, the two models Arpége-climat from METEO-France and CERFACS, and
LMDZ from IPSL have produced regional output for the MB based upon IPCC-A2
scenarios. The atmospheric components for the two models use variable meshes, while
the circulation in the Mediterranean Sea is from the OPA ocean model developed at
former LODYC (now LOCEAN), with 43 vertical levels. The bio- geochemistry component
uses the PISCES model also developed at LOCEAN.
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Figure 1: Representation of the gridded systems used for climatic scenarios over the MB :
LMDZ/IPSL-Med (left) and Arpege-Med (right).

3. Results

One key finding is that future CC could critically undermine efforts for sustainable
development in the MB, introducing new threats to human health, ecosystems and national
economies of countries. The most serious impacts are likely to be felt in North Africa and
Eastern Mediterranean countries.

3.1. Hotter and drier times ahead for the MB, and  hydrological cycle

Rising concentrations of GHG alone could cause warming over the MB similar in
magnitude to the global increase. Results from four equilibrium experiments indicate that
temperatures over the region as a whole could rise by about 3.5C between now and the
latter half of the 21°' Century in response to a doubling of carbon dioxide (or its equivalent,
after Wigley, 1992). According to three transient model runs, about half of this rise -
between 1.4 and 2.6°C - could occur by the early 2 0s (Rosenzweig and Tubiello, 1997). A
full range of possible outcomes is given by an analysis of output from nine transient
models for southern Europe and Turkey (Kattenberg and others, 1996). This points to
temperature increases of 1 to 4.5C (with a mid-poi nt of about 2.5C) during winter and
summer by the latter half of the 21® Century. In any case the results show that
temperatures across the MB could rise between 0.7 and 1.6° C for every degree rise in
global mean temperature (Palutikof and Wigley, 1996). Even if emissions of GHG were
stabilized by then, temperatures would continue to climb for several decades due to time
lags in the response of the global oceans.
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These results do not take account of possible increases in aerosol's emissions
which could mask some of the warming. One transient experiment suggests that aerosols
may reduce warming over the Mediterranean region by 1-2°C over the 2030-2050 period
(Mitchell and others, 1995). The net effect might give an impression of cooling over the
central MB during summer for the next few decades (Hasselmann and others, 1995). If
current trends in emissions and concentration of GHG continue at the same rate, global
temperatures are expected to rise faster over the 21% Century than over any time during
the last 10,000 years. Significant uncertainties surround predictions of regional CC, but it is
likely that the MB will also warm significantly.

The outlook for precipitation is somewhat less certain, but rainfall is a more
important parameter than temperature for the MB in terms of water resources and food
security. From all models an overall rainfall deficit associated with CC is foreseen over
southern Europe and MB (see results from the the European PRUDENCE Project. This is
particularly true for northern Spain, southern France, Egean and Adriatic Seas, and
Turkey. The amplitudes for such rainfall negative anomalies vary from -0.1 mm/day in the
LMDZ/GFDL scenario, to -0.6 mm/day in LMDZ/IPSL and LMDZ/CNRM scenarios. The

overall drying-out of the MB is a general tendency and is also displayed by Arpége/CNRM
model (see Figure 2).

S885hxa888

Spring Summer
Fall Nyer

Figure 2 : Seasonal rainfall anomalies over the MB, at the end of the 21% Century (after
Arpege/CNRM model).
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The hydrological cycle over the MB display strong seasonal variability. It is
displayed in Figure 3a, b and ¢ (model and observation), where the monthly value for
evaporation (E), precipitation (P), and E-P are given. At the top of Figure 3, results from
the LMDZ model are displayed, while at the bottom of Figure 3 time-series from observed
data are given (Mariotti et al., 2002). Mean values are also indicated for reference level.
Precipitation over the MB, display minimum values during July —August, and maximum
during November-December. It is worthwhile to note that mean precipitation data is under-
estimated by the model, while evaporation is over-estimated. As a consequence the E-P
deficit is over-estimated with a one-month lag.
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Figure 3a: Seasonal cycles over the MB of evaporation (E), precipitation (P) and E-P, from
observations (after Mariotti et al., 2002).
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Figure 3b: Seasonal cycles over the MB of evaporation (E), precipitation (P), and E-P

from LMDZ model.
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Mediterranean hydrological cycle (Arpege control)

1800 \ \ \ \ \ \ \ \

S oo BE-P (778 mm/yr) /
~ o = E (1247 mm/yr) s
Sy P (470 mm/yr) J
N o —o R (164 mm/yr) -

E-P-R (614 mm/
1200 S ¢ yr/)

1600

1400 —

1000

800

600

400

N

200 - e - — - -o—-- —o° =

o

= ™
N
w
IN
0
[«)}
“ ,
®
\0
-
(o}
n
-
N

Figure 3c: Seasonal cycles over the MB of evaporation (E), precipitation (P), and E-P from
Arpege model.

From the three scenarios and projections into the 21% Century (using LMDZ-Méd)
and one scenario using Arpege-Méd, all the element of the MB hydrological cycle are
presented in in the following Table I.

LMDZz/IPSL LMDZ/CNRM LMDZ/GFDL  Arpege-Méd

E (mm/year) 39 57 -7 120
P (mm/year) -57 -74 -20 -60
E-P (mm/year) 96 131 13 180
Heat Fluxes (W/m2) 3,6 5,8 11,9 4,9

All scenarios display an overall decrease in precipitation (but with more precipitation
in winter and less in summer) over the MB as a whole., with net deficit of liquid water of
10%, 14%, 1,3% and 20% for LMDZ/IPSL, LMDZ/CNRM, LMDZ/GFDL, and
Arpege/CNRM models, respectively. In the case of the LMDZ-Méd simulation, the MB is
loosing heat towards the atmosphere (-2,1 W/m2), the latter thus gaining energy. In the
case of the modele Arpége-Méd simulation, the heat loss towards the atmosphere is of the
order -32,7 W/m2. It should be noted that if rivers outflows (R) are included, E-P-R vary of
+250 mm/year since rivers flows decrease by 36%. A common feature is declining annual
precipitation over much of the MB south of 40°N. E ven areas receiving more precipitation
may get drier than today due to increased evaporation and changes in the seasonal
distribution of storm tracks, rainfall and its intensity.

As a conseguence, the frequency of extreme events and severity of droughts
could increase across the whole MB. Changes in large-scale atmospheric circulation — as
represented by the Arctic Oscillation (AO) and Northern Annular Mode (NAM) and the
North Africa-West Asia (NAWA) sea level pressure index, would further affect trends
(Figure 4, after Tourre and Paz , 2004), and the occurrence of extreme events.
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Figure 4: Winter time series of NAWA and NAM, with significant correlation of 0.56 at the
0.05 level (1a: original data, after Tourre and Paz, 2002).

Finally scale of possible changes from four climate models suggests that
temperatures could rise by over 2°C at the end of 21% Century over the MB. During the
same period, annual precipitation is projected to decline by 10 to 40% over south-eastern
Spain. It is worthy to note that aerosol emissions may counter some of the effects of GHG
in some areas.

3.2. Coastal flooding and erosion around the MB

Around much of the MB, sea levels could rise by as much as 1 m at the end of
21° Century. As a consequence, some low-lying coastal areas would be lost through
flooding and/or erosion, while rivers and coastal aquifers would become more salty. The
worst affected areas are expected to be the Nile Delta, Venice and Thesaloniki areas.

3.3. Increase in extent and severity of desertifi  cation around the MB

It is known that desertification and land degradation is often attributed to poor land
use practices. Nevertheless hotter and drier conditions would extend the area prone to
desertification to encompass areas not at risk under normal conditions. Rate of
desertification could increase as well due to erosion, salinization, fire hazards, and
reductions in soil quality. The process of desertification is thus likely to become irreversible
with considerable economical and human costs. For example today, the annual costs of
desertification in Tunisia and Spain are ~100 million and 200 million Euros, respectively.

3.4. Increased frequency of water shortages and d  ecline in water quality

It is likely that the first impacts of CC will be felt in the water resource system.
Reductions in water availability would hit countries along the southern bank of the MB, the
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hardest. In Egypt, Libya, Tunisia, Algeria, Morocco, Syria, Malta and the Lebanon, water
availability already falls below 1,000 m3 per capita/lyear, which the agreed-upon
benchmark for water scarcity. Even relatively well-endowed countries, such as Spain,
Greece, Italy, and Crete could suffer ever-more frequent regional water shortages due to
the combined problems of CC, reduced rainfall and rising demand. Some water supplies
could become unusable due to the penetration of salt water into rivers and coastal aquifers
as sea level rises.

3.5. Many valuable ecosystems would be lost

Many valuable ecosystems could be lost as species fail to keep up with the shift in
climate boundaries and/or find their migration paths blocked by human activities. Wetland
sites will face the dual threats of drying-out and sea-level rise. In Tunisia, for example,
rising temperatures could contribute to the loss of all food plants and breeding waterfowl
and the disappearance of nationally important fisheries.

4. Conclusion

Despite these uncertainties over exactly how climate variability and extremes will
change in the Mediterranean region, the overall picture does suggest an increase in the
frequency of extreme events and, in particular, of droughts in the western Mediterranean.

4.1.Precipitation

The prospects for changes in precipitation over the MB in a warmer world are still
uncertain due to the general weakness of GCMs in predicting regional precipitation.
Nevertheless results from downscaled models presented here as well as recent transient
model runs for the 2020s suggest an overall decrease of precipitation over the MB
between 1.5 and 7.3% (Rosenzwieg and Tubiello, 1997).

Most equilibrium and transient experiments show a widening in the seasonal
precipitation gradient with more precipitation during winter and less during summer. An
average from four equilibrium model results for the MB suggests an increase in winter
precipitation of 10% and a decrease in summer precipitation also of 10% between now
and and the end of the 21% Century (Palutikof and others, 1992). This finding is broadly
supported by a more recent comparison of nine transient model runs for southern Europe
and Turkey (Kattenberg and others, 1996). In this case, most models suggest increases in
winter precipitation of up to 10% and reductions in summer precipitation of 5 to 15% by the
latter half of the 21st century. While detailed projected patterns of precipitation produced
by different model runs are divergent , a common feature is decreasing annual
precipitation over much of the MB and south of 40° N. Palutikof and Wigley, 1996).

Clearly, there remains considerable uncertainty over how precipitation will change
over the MB in response to the changing composition of the atmosphere. However, the
balance of evidence seems to suggest reductions in precipitation over much of the region,
with a possible transitional period for some areas due to aerosol effects.

Changes in Moisture Availability
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4.2.Moisture Availability

The prospects for changes in moisture availability associated with CC are more
important than changes in precipitation or temperature alone. Moisture availability is
determined both by water gains/losses from precipitation/runoff and runoff and evapo-
transpiration. This means that even in areas where precipitation is projected to increase,
actual moisture availability could go down if the gains are outweighed by losses. A
widening of the seasonal precipitation gradient is likely to reduce water availability during
the growing season Extra precipitation in winter around the MB, may not be stored in the
soil, but lost as runoff Similar to that in precipitation during intense episodes (Segal and
others, 1994).

GCMs are particularly weak at determining moisture availability. Despite this,
there is a high level of consistency in model results for southern Europe and Turkey, with
models showing an overall reduction in summer moisture availability in response to rising
concentrations of GHG (Kattenberg and others, 1996). Results from three equilibrium
experiments for southern Europe and Turkey suggest that soil moisture would decrease
over the whole region by 15 to 25% during summer (IPCC, 1992). A preliminary
assessment of changes in the water balance over the EM from Turkey through to Egypt
also found a tendency for a northwards shift of the desert line (Segal and others, 1994).

Evidence of reductions in water availability over much of the MB during both
winter and summer comes from a recent transient experiment (Gordon and O'Farrell,
1997). The latter study indicates an unfavourable shift in the ratio of precipitation to evapo-
transpiration throughout the whole MB for each season. The greatest effects are over the
Italian mainland, Sardinia and Corsica, during spring and fall. Again in the near-term, the
effects of increased concentrations of GHG may be mitigated in some areas by the effects
of aerosols. Beyond this, the relative influence of GHG is expected to grow and the long-
term prospect is one of a drying out of the whole MB.

4 .3. Extreme weather events

The prospects of changes in the frequency of extreme events in the MB could be
associated with warmer conditions (= occurrence of extremely high temperatures, and a
decrease in extremely low temperature). During the period 1952 to 1992, the number and
frequency of heat waves affecting the MB has increased (Geeson and Thornes, 1996).
One study finds that by around the middle of the 21% Century, current maximum
temperatures in Athens could be exceeded in most months (Barrow and others, 1995).
Similarly, in areas experiencing a general decrease in precipitation, droughts are likely to
become more frequent as the probability of dry days and the length of dry spells increases.
It has been argued that the probability of a dry spell lasting more than 30 days in summer
in southern Europe would increase by a factor of two-to-five.

The early 1990s were characterised by extreme drought over much of this region.
In 1995, precipitation was less than 75% of normal (1961-1990) over much of the western
MB. During 1994 and 1995, Spain received less than 50% of normal precipitation at some
locations. In 1995, some interior parts of Egypt saw rainfall for the first time in nearly half a
century. Similarly, conditions in Tunisia and Libya were exceptionally wet (CRU, 1997). In
the winters of 1991/2 and 1992/3, only a few snowfall occur over north Africa and the EM,
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while average temperatures from December to March 1991/2 were the coldest on record in
Turkey (since 1930) and at Jerusalem (since 1865). Between late September and early
November 1993 large sections of western Spain, central Portugal, Corsica and northern
Morocco recorded 2 to 3 times the usual precipitation. During the same period, Madrid had
the highest amount of precipitation since records began in 1854 while in mid-November
1993, Greece and Israel experienced major floods (WMO/UNEP, 1994). Both the unusual
coldness over the EM during the last decade and the dry conditions afflicting most of the
region have been linked with positive phases of the NAO and changes in the latitudes of
storm tracks (Hurrell, 1995, Palutikof, 1996; Trenberth and Shea, 1997, Tourre and Paz,
2004). NAO values for 1983, 1989 and 1990 winters are the highest since records began
in 1894.

4.4 Vulnerability of the MB

The vulnerability of the MB is determined both by the system's sensitivity to
change and by its ability to adapt. It is likely that vulnerability will be dictated by as much
as economic circumstances and institutional infrastructure as by inherent sensitivity to
climate change. It is vital to assess potential impacts of climate change in the context of
other environmental and socio-economic trends. Many countries of the MB are already
under pressure due desertification, population growth, tourism, pollution ... CC is just one
further stress. But, the dependence of most human activities on the local environment
means that
changes can either enhance or undermine development in the region.

5. Some Projects involved with CC over the MB

5.1. European Projects

- CIRCE : Impacts from CC in the MB

- ENSEMBLES and PRUDENCE: Modeling impacts of CC in Europe

- STARDEX : Statistical and regional dynamical downscaling of extremes for European
regions at the Climatic Research Unit of East Anglia University

5.2.French Projects

ANR-CIRCLE : Regional modeling using four models (ARPEGE + ALADIN + OPA +
OPAMEDS: Modeling over the MB.
GICC-MedWater : Modeling impacts of CC over the MB
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