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  Abstract   Climate projections are essential in order to extend the case-study impacts 
and vulnerability assessments to encompass future climate change. Thus climate-
model based indicators for the future (to 2050 and for the A1B emissions scenario) 
are presented for the climate and atmosphere theme (including indices of temperature 
and precipitation extreme events), together with biogeophysical and socioeconomic 
indicators encompassing the other case-study themes. For the latter, the speci fi c 
examples presented here include peri-urban  fi res, air pollution, human health risks, 
energy demand, alien marine species and tourism (attractiveness and socio-economic 
consequences). The primary source of information about future climate is the set 
of global and regional model simulations performed as part of CIRCE. These 
have the main novel characteristic of incorporating a realistic representation of the 
Mediterranean Sea including coupling between sea and atmosphere. These projections 
are inevitably subject to uncertainties relating to unpredictability, model structural 
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uncertainty and value uncertainty. These uncertainties are addressed by taking a 
multi-model approach, but problems remain, for example, due to a systematic cold 
bias in the CIRCE models. In the context of the case-study integrated assessments, 
there are also uncertainties ‘downstream’ of climate modeling and the construction 
of climate change projections – largely relating to the modeling of impacts. In addition, 
there are uncertainties associated with all socio-economic projections used in the 
case studies – such as population projections. Thus there are uncertainties inherent 
to all stages of the integrated assessments and it is important to consider all these 
aspects in the context of adaptation decision making.  

  Keywords   Climate change  •  Mediterranean  •  Climate projections  •  Impacts  
•  Integrated assessment      
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    5.1   Introduction 

 In the previous chapter, impacts and vulnerability due to hazards associated with 
current climate variability and change are discussed. Understanding the current 
vulnerability provides the context for considering future changes which are the 
focus of this chapter. In accordance with the CCIF described in Chap.   1    , the CIRCE 
case studies aimed to construct a set of indicators describing the response to changes 
in emissions of greenhouse gases, climate variability and change. Chapter   3     
describes the indicator selection process encompassing both physical and socio-
economic systems, categorized according to seven key themes (see Table   3.1    ). Here, 
climate-model based indicators for the future (to 2050) are presented in Sect.  5.2  for 
the Climate and atmosphere theme, while biogeophysical and socioeconomic 
indicators encompassing the other themes are discussed in Sect.  5.3 . In each case, 
relevant work undertaken across the CIRCE project is summarized, before describing 
the case-study focused work. Section  5.4  discusses the uncertainties associated 
with these projections, together with the other sources of uncertainty arising at each 
step of this end-to-end assessment.  

    5.2   Climate Projections 

 Climate projections are essential in order to extend the impacts and vulnerability 
assessments presented in Chap.   4     to encompass future climate change. Global 
Climate Model (GCM) simulations provide the basis of regional projections, 
together with dynamically [using Regional Climate Models (RCMs)] or statistically 
downscaled information (Carter et al.  2007 ; Christensen et al.  2007  ) . As part of the 
CIRCE project, a set of GCM and RCM simulations has been performed with 
the main novel characteristic of incorporating a realistic representation of the 
Mediterranean Sea including coupling between the sea and atmosphere (see Part 
I, Chap. 3). These simulations (summarized here in Table  5.1 ) provide the principle 
source of information about future climate for the CIRCE case studies, although 
supporting RCM-based evidence from the earlier EU ENSEMBLES project is also 
used, together with the published literature.  

 The six CIRCE models are all coupled atmosphere–ocean models. The 
justi fi cation of this experimental set up is described in Part I, Chap. 3, together with 
details of the modeling components. The spatial resolution of the Mediterranean 
Sea ocean components is 7–12 km (see Table 3.1 of Part I, Chap. 3). The atmospheric 
component of the global INGV model has a spatial resolution of about 80 km 
(Table  5.1 ), while CNRM is a stretched-grid global model, zooming in to a resolution 
of 50 km over Europe, the Mediterranean and North Africa. The other models are 
regional models with a spatial resolution of 25–30 km, with boundary conditions 
taken from coarser global models. The MPI regional model is forced by the CIRCE 
INGV model while the ENEA regional model is forced by a non-CIRCE run of the 

http://dx.doi.org/10.1007/978-94-007-5769-1_1
http://dx.doi.org/10.1007/978-94-007-5769-1_3
http://dx.doi.org/10.1007/978-94-007-5769-1
http://dx.doi.org/10.1007/978-94-007-5769-1_4
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ECHAM5 global model. Two con fi gurations were used by IPSL: for IPSLreg (also 
referred to as LMDreg), the LMDZ regional model was driven by a non-CIRCE run 
of the IPSL global model, whereas for IPSLglo (also referred to as LMDglo) the 
LMDZ global and regional models were fully coupled. The simulations were all run 
for 1951–2050 (with the INGV simulation extended to 2100) using the IPCC-SRES 
A1B emissions scenario. Across the CIRCE project, results are generally presented 
as the difference between the 30-year baseline current period (1961–1990) and the 
future scenario period (2021–2050). 

 The CIRCE models are consistent in indicating warming over the Mediterranean, 
ranging from 0.8 to 2.0°C in winter (DJF) and from 1.2 to 2.5°C in summer (JJA) 
for 2021–2050 compared with 1961–1990 (Table  5.1 ). As well as the seasonal 
variability in warming (the strongest warming is in summer and weakest in winter, 
with intermediate values in spring and autumn), the CIRCE models also indicate 
spatial variability in warming (Part I, Sect. 3.2.1). In winter, the multi-model mean 
has a large maximum extending from the eastern part of the Balkans into central 
Russia with secondary maxima over western North Africa and the Middle East. In 
summer, maximum warming is projected over the Iberian Peninsula and the western 
part of North Africa. 

 The projections for precipitation are less consistent, re fl ecting the generally 
higher uncertainties for this variable (see Sect.  5.4 ). For winter,  fi ve of the CIRCE 
models indicate a decrease in precipitation over the whole region, varying from −3 
to −23 mm per season while the IPSLglo model gives an increase (Table  5.1 ). 
For summer, four models project a decrease (ranging from −3 to −8 mm per season) 
and two indicate an increase. The projected increases in winter precipitation are, 
however, generally restricted to parts of the Northern Mediterranean and the Alps – 
and while uncertainties are larger for summer, the general picture is one of reduced 
summer precipitation (though it should be noted that summer rainfall is very low 
over much of the region). 

 Thus, in general, the six CIRCE models show a tendency towards warmer and 
drier conditions over the Mediterranean, consistent with earlier studies (e.g., Giorgi 
and Lionello  2008  ) . Changes in temperature and precipitation extremes projected 
by the CIRCE models have also been explored (see Part I, Sect. 3.4). For temperature 
extremes, an analysis of  fi ve of the models (CNRM, INGV, IPSLreg, ENEA, MPI – 
see Part I, Sect. 3.4.3) indicates:

   a general increase in the number of very hot days and nights, together with longer • 
warm spells and heat waves,  
  largest increases over the Iberian Peninsula in summer  • 
  general decreases in the number of very cold days and nights and shorter cold • 
spells.    

 For precipitation extremes, a Mediterranean-wide analysis of changes in extended 
winter (October to March) heavy precipitation (based on 5-year return values) in the 
INGV global model (see Part I, Sect. 3.4.3) indicates:

   an increase of 5-year return values over the Iberian Peninsula (except the south), • 
southern Italy and the Aegean (Part I, Fig. 3.15)  
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  a weak general increase in the percentage of precipitation associated with heavy • 
precipitation events  
  a decrease in the number of heavy precipitation days over the western and central • 
Mediterranean, and an increase over the northeast (Part I, Fig. 3.16)    

 An unpublished analysis of extreme precipitation (de fi ned using various indices 
including the 95th percentile of precipitation amounts) in  fi ve of the CIRCE models 
shows considerable inter-model variation in response. However, a few coherent 
changes are indicated, including a coherent increase in the winter 95th percentile for 
the central Iberian Peninsula. 

 Finally, analysis of Mediterranean winter cyclones and wind storms simulated by 
the INGV and MPI models (the latter regional model is driven by the former global 
model) and of wind simulated by an ensemble of seven GCMs including INGV and 
ECHAM5 (see Part I, Sect. 3.4.3) indicates:

   a general decrease in the density of cyclone tracks  • 
  the only exception to the above decrease is a small area of increase between • 
southern Turkey and Cyprus – one of the most important regions for cyclogenesis 
in the eastern Mediterranean  
  a general decrease in the frequency of cyclones associated with extreme winds  • 
  the only exception to the above decrease is some countries bordering the northern • 
Mediterranean coast from Croatia to Greece which show a small increase in the 
number of wind storms  
  the projected changes in winter cyclone activity and sea level pressure are • 
consistent with the projected decrease in winter precipitation  
  no signi fi cant change in the intensity of the most extreme wind storms at least • 
until the end of the current century.    

 As part of the case-study work, climate indicators were constructed using output 
from the six CIRCE climate models. For the urban case studies, the nearest land-
based model grid box was used (after checking that the simulated values were not 
inconsistent or anomalous compared with neighboring grid boxes). For the rural and 
coastal case studies, the average of land-based model grid boxes covering each 
region was used (again checking visually for any spatial inconsistencies). Daily data 
were used on the original grids (different for each model), while monthly tempera-
ture and precipitation were interpolated to a regular half-degree latitude-longitude 
grid. Where possible, simulated data were compared with available observed station 
data, and/or the gridded E-OBS data (Haylock et al.  2008  ) . Such comparisons reveal 
a systematic cold bias in the CIRCE models of about 2°C across the Mediterranean. 
In some cases, bias correction was applied before using the data. See Sect.  5.4  for 
further discussion of model biases and correction techniques. 

 Mean annual maximum and minimum temperature (Tmax and Tmin) were used 
as core climate indicators for many of the case studies (see Sect.   3.3.1    ). The projected 
changes (for 2021–2050 with respect to 1961–1990) in these indicators are presented 
in Figs.  5.1  and  5.2  for  fi ve of the models (all except IPSLglo). The ensemble-mean 
change is shown, together with the changes for the  fi ve individual models. For both 

http://dx.doi.org/10.1007/978-94-007-5769-1
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Tmax and Tmin, the projected changes are slightly larger for case studies located in 
the western (Gulf of Valencia and Gulf of Oran) and central (Tuscany and Apulia) 
Mediterranean than in the eastern Mediterranean. Changes in Tmax are larger than 
changes in Tmin, particularly in the western Mediterranean. The largest ensemble-mean 

  Fig. 5.1    Projected changes in annual Tmax (°C) (2021–2050 minus 1961–1990) based on CIRCE 
model data for the urban, rural and coastal case studies. The ensemble-mean change is shown, 
together with changes for the  fi ve individual models. IPSL is IPSLreg       

  Fig. 5.2    Projected changes in Tmin (°C) (2021–2050 minus 1961–1990) based on CIRCE model 
data for the urban, rural and coastal case studies. The ensemble-mean change is shown, together 
with changes for the  fi ve individual models. IPSL is IPSLreg       
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change is for Tmax in the Gulf of Oran (almost 2°C). Figures  5.1  and  5.2  re fl ect the 
ensemble spread which is also identi fi ed in the Mediterranean-wide CIRCE analysis 
(see Part I, Chap. 3). The IPSLreg model consistently gives the greatest warming 
(more than 2.5°C for Tmax for many of the case studies), while the CNRM and 
ENEA models tend to give least warming (a little less than 1°C in some cases). The 
changes indicated by the MPI regional model and the INGV global model which 
provides its forcing are generally similar, though in a number of cases (particularly 
relating to extremes, see below) the projected regional model changes are smaller.   

 A number of indices of extremes were also selected as case-study speci fi c climate 
indicators (Sect.   3.3.2    ). The Mediterranean-wide analysis of projected changes 
in temperature extremes (see above and Part I, Sect. 3.4) was therefore extended to 
focus on the case studies. Projected changes in very hot summer days (Tx95n: the 
number of days exceeding the 95th percentile of Tmax calculated for 1961–1990) 
are shown in Fig.  5.3  for all case studies. Re fl ecting the spatial patterns identi fi ed 
above (see also Part I, Fig. 3.13), the largest ensemble-mean change is for the Gulf 
of Valencia (about 13 more very hot summer days each year) and the smallest 
changes in the southeast Mediterranean (about six more very hot summer days 
for the Judean Foothills). The inter-model spread is very large – with the IPSLreg 
model indicating more than 25 additional very hot summer days for Tuscany and the 
Gulf of Valencia compared with less than  fi ve for the MPI model.  

 The number of very hot nights (Tn95n: the number of days exceeding the 95th 
percentile of Tmin calculated for 1961–1990) was selected as an indicator for the 
urban case studies since high night-time temperatures impact on human comfort. 
Projected changes for each season are shown in Fig.  5.4  (note that the threshold is 

  Fig. 5.3    Projected changes (2021–2050 minus 1961–1990) in the number of very hot summer 
days (Tx95n) based on CIRCE model data for the urban, rural and coastal case studies. The ensemble-
mean change is shown, together with changes for the  fi ve individual models. IPSL is IPSLreg       
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calculated separately for each season). The largest changes are projected in summer 
and for Athens. The ensemble-mean change for Athens in summer is about 25 
additional very hot nights, though this value is in fl uenced by the anomalously large 
change (more than 50 nights) projected by the IPSLreg model. It is noted that 
IPSLglo gives smaller changes (see Table  5.1  and Part I, Sect. 3.2.1). These projected 
changes in very hot nights (Fig.  5.4 ) and very hot days (Fig.  5.3 ) do not take account 
of the urban heat island. Sensitivity modeling studies undertaken for CIRCE 
demonstrate that if this effect is ignored, the frequency of extreme temperature 
events in the future will be grossly underestimated (see Box   4.1     and McCarthy and 
Sanderson  2011  ) . The urban heat island may have contributed to the extremely high 
temperatures experienced in Athens in summer 2007 which may provide an indication 
of the severity of future summers (see Box  5.1 ).   

 As well as the frequency and magnitude of extreme high temperatures, the 
persistence of such spells is also important in terms of human health and other 
impacts. Figure  5.6  shows projected summer changes in a Warm Spell Duration 
Index (WSDI: maximum number of consecutive days – at least six – with Tmax 
exceeding the 90th percentile calculated for 1961–1990) for  fi ve of the CIRCE 
models (all except IPSLglo). The maximum duration of warm spells increases 
everywhere, with the largest changes over land over the Iberian Peninsula in all 
models. Changes are again largest in the IPSLreg model and smallest in ENEA and 
CNRM. As explained in Part I, Sect. 3.4.3 the large changes over the oceans are an 
artifact of the lower baseline threshold values here.  

 For the rural case studies, the number of very cold nights (Tn5n: the number of 
days exceeding the 5th percentile of Tmin calculated for 1961–1990) was considered 

  Fig. 5.4    Projected seasonal changes (2021–2050 minus 1961–1990) in the number of very hot 
nights (Tn95n) based on CIRCE model data for the urban case studies. The ensemble-mean change 
is shown, together with changes for the  fi ve individual models. IPSL is IPSLreg       
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  Box 5.1 The Exceptionally Hot Summer of 2007 in Athens and Its 
Consequences    

 Summer 2007 was exceptionally hot for many areas of south-eastern Europe, 
the Balkan Peninsula and parts of Asia Minor with departures from the 
seasonal means exceeding 4°C in some areas and with distinct periods of 
extremely hot weather. These unprecedented warm conditions were blamed 
for numerous excess deaths in several countries and for serious problems in 
electricity supply in many regions. Greece experienced very likely the warmest 
summer of its instrumental history with record breaking temperatures being 
observed at a number of stations. Analysis of the historical air temperature 
record of the National Observatory of Athens (NOA), extending back to the 
nineteenth century, highlights the rarity of the event. Seasonal (June to August) 
temperature anomalies at NOA exceeded 3°C corresponding to more than 
three standard deviations with respect to the 1961–1990 reference period. The 
record value of 44.8°C was observed at NOA on 26 June 2007 (the previous 
record was 43°C in June 1916) during the  fi rst and most intense heat wave that 
affected the area. Analysis of temperature data from other less urbanized 
stations indicates that the urban heat effect in Athens contributed to the anom-
alies of the nocturnal temperatures (Founda and Giannakopoulos  2009  ) . 

 The 2007  fi res destroyed 280,000 ha (corresponding to about 2% of the 
entire Greek land surface) of forests, bush and agricultural areas, including 
olive groves that provide one of the main exportable Greek products. As a 
direct consequence of the  fi res, 64 human deaths occurred and thousands of 
people were left homeless. This was an unprecedented ecological disaster not 
only for Greece, but for the whole Mediterranean area. 

 The exceptionally hot summer of 2007 provides a strong indication of 
what eastern Mediterranean summers could resemble in the future (Founda 
and Giannakopoulos  2009  ) . 

 Table  5.2  provides a comparative assessment of climate statistics for 
Athens, observed and simulated (nearest grid box) for 1961–1990, as well as 
for future climate in the middle (2021–2050) and the latter (2071–2100) part 
of the twenty- fi rst century. Weighted ensemble-mean model results for maxi-
mum and minimum temperature are presented for three ENSEMBLES 
regional climate model (RACMO2, REMO and HadRM3) runs for the A1B 
emissions scenario. The weights re fl ect the ability of each model to simulate 
present-day large-scale circulation, mean climate and extremes (van der 
Linden and Mitchell  2009  ) . The model statistics are in good agreement with 
observations, both in terms of the means and the higher statistical moments 
(variance and extremes). The models indicate a mean increase in summer 
Tmax and Tmin of about 2°C for 2021–2050 and of about 4°C for 2071–2100 
compared to 1961–1990 (Tabl   e     5.2 ).  

(continued)
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(continued)

   Table 5.2    Statistics of summer maximum and minimum temperature, observed for the 
period 1961–1990 and summer 2007 (NOA), and simulated for the periods: 1961–1990, 
2021–2050 and 2071–2100   

 Observations 
(1961–1990 

 Models 
(1961–1990) 

 Models 
(2021–2050) 

 Models 
(2071–2100) 

 Summer 2007 
(observations) 

 Max  Min  Max  Min  Max  Min  Max  Min  Max  Min 

 Mean 
temperature 
(°C) 

 31.6  21.6  31.8  20.6  33.8  22.6  35.9  25.0  34.9  24.4 

 Standard dev. 
(°C) 

 3.1  2.4  3.2  2.2  3.3  2.3  3.5  2.6  3.9  3.0 

 95th percentile 
(°C) 

 36.3  25.4  37.2  24.5  39.2  26.4  41.9  29.1  41.5  29.2 

 Figure  5.5  compares probability density functions (pdf) for different peri-
ods. The pdfs were constructed by applying Gaussian  fi ts to summer Tmax 
and Tmin for 1961–1990 (both observations and the weighted ensemble-mean 
model results), 2021–2050, 2071–2100 and summer 2007 (observations only). 
It is evident that the weighted ensemble-mean pdfs for the control run are in 
good agreement with observations, providing a level of con fi dence as to the 
models’ ability to reproduce the current climate. The pdfs for both future peri-
ods indicate not only an increase in mean but in variance as well. The observed 
pdf for summer 2007 lies closest to the pdf for 2071–2100, indicating that 
what is classi fi ed as ‘exceptional’ now, may be termed ‘normal’ or ‘typical’ 
by the end of the century (Founda and Giannakopoulos  2009  ) . This is essen-
tially the same conclusion that Schär et al.  (  2004  ) , Beniston and Diaz  (  2004  )  

 Box 5.1 (continued) 

  Fig. 5.5    Probability density function (pdf) of Gaussian distributions  fi tted to Athens 
JJA maximum ( left ) and minimum ( right ) temperature for the following cases: ( a  –  solid 
black ) model output for 1961–1990, ( b  –  dashed black ) NOA observations for 1961–1990 
( c  –  green ) 2021–2050 model simulations, ( d  –  dashed red ) 2071–2100 model simulations 
and ( e  –  solid red ) summer 2007 (NOA observations)       
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as an indicator (Fig.  5.7 ). The frequency of these events decreases by about 4 days 
in summer, 3 days in spring and autumn and 2 days in winter. The inter-model 
spread is considerably less than for the Tmax-based indicators.  

 Annual and/or extended winter season (October to March) total precipitation 
was also selected as a climate-related indicator (Fig.  5.8 ). The ensemble mean 
changes are all negative except for Alexandria and the West Nile Delta where no 
change is indicated. The projected decrease in precipitation is quite large for Beirut, 
where water shortage is already an issue (Sect.   1.4.2    ), as well as for Athens and the 
important agricultural regions of Tuscany and Apulia. The projected decrease for 
Apulia seems to be stronger than the very weak decrease indicated by analysis of 
seven of the ENSEMBLES RCMs. Although the CIRCE ensemble-mean annual 
change of about 50 mm is similar for Athens and Beirut, the change in percentage 
terms is nearly twice as large for Athens (−13% compared with −7% for Beirut). 
In some cases, the inter-model spread is quite large (the MPI model indicates a 
particularly large decrease in annual precipitation of −42% for Athens), but the 
magnitude of change does not vary systematically by model in the same way as 
occurs for temperature. Occasionally a model indicates a small increase rather than 
a decrease (for example, the ENEA model for extended winter season precipitation 
in Apulia and the MPI model for the Judean Foothills).  

 Changes in precipitation extremes are particularly relevant for the urban case 
studies. Thus Fig.  5.9  shows projected changes for these case studies in three indi-
ces calculated using daily output from the ENEA and IPSLglo models: the maxi-
mum dry spell length (consecutive dry days: CDD), heavy precipitation (the 90th 
percentile of daily precipitation for 1961–1990: pq90) and maximum 3-day precipi-
tation (px3d). It is rather dif fi cult to draw clear messages even concerning the 

and Beniston  (  2004  )  reached with respect to summer 2003 in Western Europe. 
Thus the heat waves of summer 2007 in south-eastern Europe can be viewed 
as further evidence, in addition to the 2003 summer for Western Europe, of 
exceptionally hot summers for the present period which may become typical 
summers by the latter part of the century, and requiring appropriate response 
actions by both scientists and policy makers. 

 For Athens, it was also estimated whether summer 2007 was an exceptional 
event in terms of  fi re risk. Using the same regional climate model output, future 
 fi re risk was compared with that for the present and 2007 to determine the 
severity of summer 2007 in terms of  fi re danger. It was found that 2007 stands 
out as an exceptionally extreme year with  fi re risk values considerably exceed-
ing those for 2021–2050 and reaching the values projected for 2071–2100. 
In terms of extreme  fi re risk, the probability of such events was 99% in 2007, 
compared with only 60% for 1961–1990 and 95% for 2071–2100. 

 Box 5.1 (continued) 

http://dx.doi.org/10.1007/978-94-007-5769-1
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direction of change in extremes from this  fi gure. In general, the changes are rather 
small, particularly given the strong inter-annual variability of precipitation. Both 
models suggest an increase in the maximum 3-day precipitation for Athens – while 
for Alexandria and Beirut, ENEA indicates an increase and IPSLglo indicates a 
decrease (with the exception of the projected decrease for Beirut in IPSLglo, these 
changes are, however, rather small). With respect to CDD, both models indicate 
small increases for Athens and Alexandria, whereas decreases (i.e., shorter dry 
periods) are indicated for Beirut. These changes do not appear fully consistent with 
the fairly robust projections for longer dry periods across the Mediterranean, par-
ticularly during summer, emerging from other studies (Beniston et al.  2007 ; Giorgi 
and Lionello  2008 ; May  2008 ; Giannakopoulos et al.  2009  ) . These studies tend, 
however, to focus on the end of the century and it may be that any signal of change 
in extremes has not yet emerged from the noise due to natural variability by 
2021–2050. The general lack of change in precipitation extremes for Alexandria 
re fl ects the lack of change in mean precipitation seen in the CIRCE models (Fig.  5.8 ), 
and it is possible that larger changes in extremes might be apparent for the other 
urban case studies in the other CIRCE models. There is, for example, some indica-
tion of an increase in the frequency of heavy precipitation days over the northeast-
ern Mediterranean in the INGV simulation (see Part I, Sect. 3.4.3). Uncertainties in 
projections of precipitation extremes are discussed further in Sect.  5.4 .  

 The projected decreases in mean precipitation for the case studies (Fig.  5.8 ), 
together with possible increases in dry spell duration (see above) imply an increase 
in the occurrence of meteorological drought. For the rural case studies, changes in 

  Fig. 5.7    Projected seasonal changes (2021–2050 minus 1961–1990) in the number of very cold 
nights (Tn5n) based on CIRCE model data for the rural case studies. The ensemble-mean change 
is shown, together with changes for the  fi ve individual models. IPSL is IPSLreg       
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agricultural drought are of concern and the Palmer Drought Severity Index (PDSI) 
was identi fi ed as a case-study speci fi c indicator (Sect.   3.3.2    ). Changes in self-calibrated 
PDSI over the twentieth century have been analyzed as part of CIRCE work for the 
Mediterranean as a whole (Part I, Sect. 2.3.4) and for sub-domains (Sousa et al. 
 2011  ) . Projected changes have not been calculated in CIRCE, but an earlier analysis 
of two GCM ensembles (the UK Met Of fi ce perturbed physics ensemble and the 
CMIP3 multi-model ensemble) indicates a mean increase of 60% (with an ensemble 

  Fig. 5.8    Projected changes (in mm for 2021–2050 minus 1961–1990) in ( a ) annual and 
( b ) extended winter (October to March) total precipitation based on CIRCE model data for the 
urban, rural and coastal case studies. The ensemble-mean change is shown, together with changes 
for the  fi ve individual models. IPSL is IPSLreg       

 

http://dx.doi.org/10.1007/978-94-007-5769-1
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uncertainty range of about 20–80%) in the area of the Mediterranean affected by 
drought de fi ned using the PDSI and assuming a doubling of the pre-industrial CO 

2
  

concentration (Burke and Brown  2008  ) . In another analysis of the CMIP3 GCM 
ensemble, the Mediterranean is identi fi ed as one of the regions with the largest 
and most robust changes in short-term (4–6 months) and long-term (greater than 
12 months) drought de fi ned using soil moisture (Shef fi eld and Wood  2008  ) . The 
latter study also indicates the year of detecting statistically signi fi cant changes in 
drought frequency from the baseline (1961–1990) assuming the A1B emissions 
scenario. For the Mediterranean and, short-term drought, long-term drought and 
area of drought, the years of detection are 2046, 2033 and 2009 respectively. This 
implies that detectable changes in drought will be evident during the 2021–2050 
scenario period considered by CIRCE. 

 The variables and indicators discussed above all relate to the land areas of the 
Mediterranean. For the coastal case studies, the characteristics of the Mediterranean 
sea surface simulated by the coupled CIRCE models are also important, in particular, 
sea surface temperature and salinity (see Part I, Sect. 3.3.2). 

 All CIRCE models simulate an increase of sea surface temperature (SST) with 
projected changes across the Mediterranean ranging from +0.8 to +1.8°C for the 
period 2021–2050 relative to 1961–1990. Sea surface salinity (SSS) mostly shows 
negative changes but the inter-model range is large, from +0.05 to −0.35 psu (see 
Part I, Table 3.4). As the water budget at the sea surface is generally projected to 
increase (i.e., more water loss due to a decrease in precipitation and river runoff 
and an increase in evaporation), this suggests a major forcing by the Atlantic freshwater 
input through the Strait of Gibraltar (see Part I, Sect. 3.3.4). 

 Figure  5.10  shows simulated mean annual SST averaged over the Gulf of Gabès 
from the ocean components of  fi ve of the CIRCE coupled models [INGV, LMDglo 
(also referred to as IPSLglo), MPI, MF (CNRM in Table  5.1 ) and ENEA] and two 

  Fig. 5.9    Projected changes in three precipitation extremes indices for the urban case studies calculated 
using daily output from the ENEA and IPSLglo models: the maximum dry spell length (consecutive 
dry days: cdd), heavy precipitation (the 90th percentile of daily precipitation: pq90) and maximum 
3-day precipitation (px3d). A threshold of >0.5 mm was used to de fi ne a rain day       
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forced ocean models (INSTMED06 and INSTMCOTR – not listed in Table  5.1 ) 
together with the ensemble mean. Details of the Mediterranean Sea ocean models 
are given in Part I, Sects. 3.1.3 and 3.3. All models show an increase of SST over 
the simulation period, with acceleration of the trend during the twenty- fi rst century 
(Fig.  5.10 ). For the period 2021–2050, the mean SST warming in the Gulf of Gabès 
is 0.42°C per decade, compared with 0.54°C per decade for air temperature. These 
values are fairly close, re fl ecting how fast the shallow gulf responds to the air warming. 
There is no statistically signi fi cant change in SSS projected for the Gulf of Gabès 
(not shown).  

 Sea-level rise is a major concern for all the CIRCE case studies and local factors 
are fundamental for a proper assessment of this risk. In the West Nile Delta, for 
example, the combination of subsidence and tectonic activity strongly in fl uences 
the relative sea level with trends that are comparable, and even larger, than the 
projected sea-level rise (El Sayed Frihy et al.  2010  ) . The evolution of the Valencia 
coast is also the result of contrasting factors: in this case, formation factors of riverine 
origin (such as sedimentation) and reduction factors of marine origin (such as storm 
surges and wind-generated waves) whose effect is, however, strongly modulated by 
sea-level rise at the regional scale (Sánchez-Arcilla et al.  2008  ) . 

 Mediterranean sea level will increase in the future as the mass addition signal 
associated with ice melting penetrates from the Atlantic Ocean, but this effect 
will be superimposed on other regional factors, amongst which steric effects (due to 
volume changes) are potentially the largest. Their analysis is dif fi cult because of 

  Fig. 5.10    Simulated sea surface temperatures for 1950–2050 in the Gulf of Gabès from CIRCE 
simulations. The  thick black line  is the ensemble mean       
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simultaneous halosteric (with a more salty Mediterranean producing a contraction 
of its volume) and thermosteric (with a warmer Mediterranean producing an expansion 
of its volume) effects. The evaluation of these contrasting tendencies in climate 
projections is rather uncertain. An earlier assessment indicated a very large range 
for the end of the twenty- fi rst century from −22 to +31 cm, with results strongly 
dependent on emissions scenario, model and area within the Mediterranean basin 
(Marcos and Tsimplis  2008  ) . 

 In CIRCE, sea surface height (SSH) has been examined through the simulated 
steric effect (see Part I, Sect. 3.3.3). The steric effect is considered a good indicator 
as it constitutes a signi fi cant component of SSH variability (see above). For the 
period 1961–1990, the CIRCE ensemble-mean indicates a lowering of the steric 
effect of −0.6 cm per decade, but ranging across the models from −5.7 cm per 
decade to +1.7 cm per decade (see Part I, Table 3.5). The ensemble-mean trend 
becomes positive after 1990; with projected changes reaching +10 cm in 2021–2050 
and nearly +14 cm in 2050 (relative to the period 1961–1990). If it is assumed very 
roughly that the steric component accounts for 70% of the total sea-level change 
(Bindoff et al.     2007  ) , then the total projected sea level rise would be +14 cm for 
2021–2050 and +20 cm in 2050. 

 A more detailed assessment of projected changes in SSH has been undertaken 
for the Gulf of Gabès. For the INSTMCOTR model, SSH represents the contribution 
of the water circulation with the central Mediterranean Sea as reference. It indicates 
a small positive, but statistically insigni fi cant, trend of +0.1 cm per decade. The 
INSTMED06 model simulates both the halosteric and thermosteric effects and the 
projected changes are much higher: +1.8 cm per decade between 1960–1969 and 
2050–2059 and 2.5 cm per decade between 1991–2000 and 2050–2059. 

 In addition to changes in mean sea level, potential changes in extreme sea level 
and storminess also need to be considered. Studies of marine storminess for the 
whole Mediterranean basin suggest that the mean signi fi cant wave height (SWH) 
 fi eld over a large part of the Mediterranean Sea will be lower in future scenarios 
than in present conditions (Lionello et al.  2008  ) . There are, however, a few excep-
tions: in particular, two areas between Greece and Northern Africa and between 
Spain and Algeria, where SWH is projected to be higher. Analogously, extreme 
SWH values are smaller in future scenarios than in the present climate except for 
the presence of higher SWH extremes in the central Mediterranean during summer 
for the A2 emissions scenario. This is substantially consistent with the analysis of 
storm tracks, which show reduction during late summer and autumn over the 
Mediterranean region in future scenarios (Lionello et al.  2008  ) . Dedicated studies 
of storm surges have been carried out mainly for the Northern Adriatic Sea and do 
not identify substantial changes in frequency of high storm surge events (Lionello 
et al.  2003,   2010  ) . As part of CIRCE, the WAM ocean-wave prediction model 
(WAMDI  1988  )  was driven by wind  fi elds from the MPI CIRCE simulation. The 
results suggest that the future winter wave climate will be characterized by a shift 
of the whole distribution towards lower values – with a decrease in mean and 
extreme (both high and low) values. 
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 In conclusion, there is no evidence of increased risks posed in the Mediterranean 
coastal zone by changes of marine storminess except for those associated with the 
large uncertainty in future mean sea level (see above and Sect.  5.4 ), which makes it 
dif fi cult to reach robust conclusions. Although the Mediterranean Sea will on multi-
decadal timescales follow the projected large increase in global sea level, the actual 
regional values may be substantially different from the global one. 

 The material presented in this section demonstrates that it has been possible to 
produce quantitative projections for many of the climate hazards identi fi ed for the 
urban (Fig.   4.2    ), rural (Fig.   4.6    ) and coastal (Fig.   4.11    ) case studies (see also 
Table  5.3 ). The underlying CIRCE and ENSEMBLES climate model simulations 
are, however, subject to various model biases including a systematic cold bias in the 
CIRCE models. These and other sources of uncertainty associated with the climate 
projections are discussed in Sect.  5.4 .    

    5.3   Biogeophysical and Socioeconomic Projections 

    5.3.1   Introduction 

 As part of the CIRCE case-study work, a subset of the potential biogeophysical and 
social indicators (Chaps.   3     and   4    ) was identi fi ed for which it has been (or should be) 
possible to provide quantitative projections either through process-based or statistical 
modeling (Table  5.3 ). These include a  fi re weather index/forest  fi res (AT, TU); 
ozone exceedance/anomaly (AT, AL); all-cause mortality (AT, BE, AL, OR); energy 
production/consumption (AT, VA); marine characteristics such as, salt-water 
intrusion (VA), marine pollution (OR), invasive species (GA), and vulnerability to 
sea-level rise (WN); tourism (GA, TU, AP); and wheat yield (all the rural case 
studies). It is also possible to provide quantitative estimates of some vulnerability 
indicators that are based on climate variables, such as a temperature-de fi ned tourist 
season, or a rainfall and temperature-de fi ned drought indicator. For other indicators 
(Table  5.3 ), there is a lack of appropriate data and/or models to allow quantitative 
assessments of the consequences of climate change, e.g., for marine water quality 
in Valencia, shoreline changes in the Gulf of Gabès, and food-web changes in the 
Gulf of Oran. For these indicators, there is nonetheless, suf fi cient local evidence and 
knowledge of current trends and response to climate and other system pressures to 
allow more qualitative assessments of climate change impacts.  

 There are considerable challenges in being a down-stream user in projects like 
CIRCE. There are inevitable time delays in the availability of climate model runs 
and further necessary time lags for post-processing climate model data for impacts 
modeling. Within the time-limited framework of writing this volume, it has 
been possible to assess the potential consequences of climate change for two case 
studies in more detail than for the others: a coastal case study, the Gulf of Gabès 

http://dx.doi.org/10.1007/978-94-007-5769-1
http://dx.doi.org/10.1007/978-94-007-5769-1
http://dx.doi.org/10.1007/978-94-007-5769-1
http://dx.doi.org/10.1007/978-94-007-5769-1_3
http://dx.doi.org/10.1007/978-94-007-5769-1_4
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   Table 5.3    Capacity for quantitative or qualitative assessments of the consequences of future 
climate change for the CIRCE integrated case studies   

 Case study a   Quantitative  Qualitative 

 AT:  Peri-urban forest  fi re frequency and surface 
area burnt (I&V) 

 Water for cooling plants (V) 

  Fire Weather Index  (number of days >15; 
number of days >30) (V) 

 Area of peri-urban forest (V) 

  All-cause daily mortality  (I)  Vehicles per km 2  (V) 
  Energy consumption  – domestic and 

commercial (I) 
 Building density (V) 

  Ozone exceedance days  (V)  Air conditioning use (V) 
  Greece urban population growth rate  (V)  Investment in  fi re prevention/

protection (V) 
  Athens population  (V)  Access to health care (V) 
  Gross Domestic Product  (per capita; current 

prices) (V) 
 % population with pre existing 

disease (V) 
  Life expectancy at birth , Greece (V) 

 BE:   All-cause mortality  (I)   Saline intrusion in wells  (V) 
  Waterborne and food-borne disease: total, 

dysentery, typhoid, hepatitis A  (I) 
 Drinking water quality (V) 

  Health damage due to water scarcity  (I)  Access to clean water per capita (V) 
 Annual cost of waterborne disease (V)   Water supply capacity  (V) 
 Population growth (V)  Groundwater abstraction (V) 

  Cost of desalination  (V) 
 Water resource management (V) 

 AL/WN:  Total Ozone column anomaly (V&I)  Fire pixel count (V&I) 
 All-cause mortality (I)  Aerosol types (dust, pollution, 

mixed, clean) (V&I) 
 Coastal inundation (I)  Saltwater intrusion (V) 
 Vulnerability to sea level rise by land-use type 

(V) 
 Water use by sector/capita (V) 

 GDP per capita (V)  Industrial output (V) 
 Population growth (V)  Marine water quality (V) 

 Level of environmental protection / 
management (V) 

 TU:   Rain-fed wheat yield  (I)   Land use  (V) 
  Domestic tourist arrivals  (I)  Traditional Tuscan rural landscape 

(V) 
 Fire Weather Index (V)   Water consumption by sector  (V) 
 Fire frequency (I)  Salinization (V) 
 Water availability (V)  Water resource management (V) 

  Energy demand  (V) 
  Gross Domestic Product  (V) 

 AP:   Wine, wheat, olive oil crop yield  (I)  Land cover class (V) 
 Annual number of tourists (I)  Water rationing (V) 
 Wooded area burnt (I)  Sector contribution to GDP (V) 
  Potential evapotranspiration  (V)  % Employed in agriculture, tourism 

(V) 

(continued)



1255 Integration of the Climate Impact Assessments with Future Projections

(continued)

 Case study a   Quantitative  Qualitative 

  Environmental water budget  (V)  Salinization (V) 
 Water consumption per capita (V) 
  Seasonal Shift Index  (V) 
 Population growth (V) 

 TH:   Rain-fed wheat yield  (I)  Water availability (V) 
  Wheat yield and above ground biomass in 

response to supplemental irrigation  
(adaptation) 

 Salinization (V) 

 Groundwater levels (V)  Water resource management (V) 
 GDP per capita (V)  Area of arable land (V) 
 Population growth (V)  % Employed in agriculture (V) 

 JF:  Grain yield in rain-fed wheat (I)  Land use (V) 
  Forest tree growth (stem volume)  (I)  Proportion of protected land (V) 
 Natural vegetation types (I)  Tree health survey (V) 
 Tourist visits; domestic and international (I)  Water resource management (V) 
  Soil respiration/Carbon sequestration  (V)  Soil quality / erosion (V) 
  Population growth in Israel  (V)  Pests and diseases (V) 
  Urban / Rural population in Israel  (V)  Critical species thresholds (V) 
  Gross Domestic Product per capita in 

Israel  (V) 
 % Employed in agriculture / tourism 

(V) 
  Employment/unemployment rate in Israel  

(V) 
 Population density – Judean Foothills (V) 
 Water production/consumption by sector (V) 

 VA:  Salt-water intrusion (I&V)   Marine water quality  (V) 
  Shoreline erosion  (I&V)  Area of land used as a coastal buffer 

(V) 
 Electricity generation and  consumption  (I) 
 Insurance claims for property damage (I)  Area of land / population vulnerable 

to coastal  fl ooding (V) 
  Mortality max temperature thresholds  (V)  Coastal out fl ow of freshwater 

nutrients (V) 
 Population growth (V)  Pollution discharges (V) 

 OR:  Marine pollution discharges (I&V)  Invasive marine species (jelly fi sh, 
green algae) (I) 

 Water quality parameters (riverine, estuarine 
sites) 

 Fish stocks (I) 

 (I&V)  Food-web changes – dolphins (V) 
  All-cause mortality  (I)  Ecological monitoring of vulnerable 

littoral sites (V) 
  Grain yield  (I)   Land cover class for Oran Bay  (V) 
  Runoff  (V)   Carbon uptake by land cover class  

(V) 
  Population of Oran  (V)  Coastal protection / management 

(V) 
 GDP per capita (V)  % employed in  fi shing industry (V) 

Table 5.3 (continued)
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(Tunisia) and an urban case study, Athens (Greece). Although this provides a 
somewhat limited future perspective, the chosen set of indicators derives from 
diverse regions (a large capital city in the European Mediterranean and a coastal 
semi-arid region of North Africa) and covers diverse sectors (from terrestrial and 
marine ecosystems to tourism, energy and human health). More detailed future 
information will be available for other case-study regions by the end of the CIRCE 
project, and will be made available from the CIRCE integrating case-studies 
website,   http://www.cru.uea.ac.uk/projects/circe/     and also written-up in journal 
papers. It is anticipated, for example, that papers will be produced on projected 
crop-yield changes for Tuscany (durum wheat), Apulia (wheat, wine and olive oil) 
and Syria (durum wheat). 

 Each integrated assessment of the possible response to climate change is grounded 
in the conceptual framework of the CCIF (Chap.   1    ), and is primarily based on 
statistical impacts models but also considers more qualitative but nonetheless 
valuable evidence such as stakeholder knowledge of the system response to past 
climate events (Sect.   6.3    ). Future change in non-climate drivers such as population 
projections and, where available, future narratives for socio-economic and technology 
trends, are considered alongside climate projections. 

 In the next section (Sect.  5.3.2 ), relevant CIRCE Mediterranean-wide work on 
future changes in biogeophysical and socioeconomic systems is outlined, while 
Sect.  5.3.3  presents speci fi c examples of indicators constructed for Athens and the 
Gulf of Gabès. Finally, Sect.  5.3.4  discusses key projected changes for all case studies 
in the context of the CCIF.  

 Case study a   Quantitative  Qualitative 

 GA:   Alien marine species  (I&V)  Shoreline modi fi cation (I) 
 Fish Production (I)  Coastal Vulnerability Index (V) 
  Daily Climate Tourism Potential Index 

(DCTPI)  (I) 
 Area of land used as a coastal buffer 

(V) 
  Socio-economic impacts on tourism activity  

due to changes in the DCTPI and beach 
erosion (I) 

 Coastal management / protection 
(V) 

  Maximum swell height  (V)  Marine pollution / discharges (V) 
  Seasonal shift index for tourism  (V)  Salinization (V) 
  Annual population growth rate  (V)  % employed in tourism /  fi shing (V) 
  Urbanization  (urban, rural population) (V) 
  Gross Domestic Product  based on purchas-

ing power parity per capita GDP (V) 
  Life expectancy at birth  (V) 

   a See Appendix   1     for case-study acronyms 
 ‘I’ denotes impact indicators 
 ‘V’ denotes vulnerability indicators 
 Bold denotes those indicators which have been quanti fi ed based on climate model projections at 
the time of writing  

Table 5.3 (continued)

http://www.cru.uea.ac.uk/projects/circe/
http://dx.doi.org/10.1007/978-94-007-5769-1_1
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    5.3.2   Key Messages on Mediterranean Changes 
in Biogeophysical and Socioeconomic Systems 
from the CIRCE Project 

 Previous parts of the RACCM report potential consequences of climate change 
for the Mediterranean region which are largely focused on particular sectors and 
at a national or wider spatial scale of analysis. The key CIRCE themes are  Water  
(Part II),  Agriculture Forest and Ecosystem Services  (Part III), and  People  (Part IV). 
The following sub-sections summarize the key messages with respect to the future 
emerging from the wider CIRCE project that have particular relevance to the local 
and regional case studies. In many cases, this ‘broad-brush’ summary is based on 
reviews of earlier work and on earlier climate model runs rather than on impacts mod-
eling using output from the CIRCE climate models runs discussed in Sect.  5.2 . 

    5.3.2.1   Water Resources 

 Water scarcity is an issue for the entire Mediterranean region; even today 30 million 
people in the southern and eastern parts of the Mediterranean region do not have 
access to ‘safe’ water. Changes in the hydrological cycle of the Mediterranean could 
have wide-ranging implications from agricultural production through to natural 
ecosystems, energy production, tourism and, health and well being. Future inequali-
ties in water supply and availability could result from complex interactions between 
climate system drivers and increasing pressures from socio-economic systems. 
The CIRCE climate models indicate drier conditions over the Mediterranean in the 
future (see summary of precipitation changes in Sect.  5.2 ; Fig.  5.8 ). The projected 
decline in evapotranspiration is strongest in summer when land-surface aridity is 
highest (Part II, Chap. 8). 

 A general decline in river discharge has been projected across the Mediterranean 
region by the end of the twenty- fi rst century for the A1B emissions scenario using 
the super high-resolution (20 km) Japanese Meteorological Research Institute (MRI) 
GCM and a river- fl ow model also developed by MRI (Part II, Sect. 8.2.3.4, Fig. 8.9, 
Kitoh et al.  2008  ) . Of particular interest to the case studies, is a CIRCE analysis of 
the MRI simulations which indicates a 46% decrease in annual discharge for the 
River Ebro (located within the Valencia-Catalan case-study region, Spain), and in 
contrast to this a projected increase in River Nile (Egypt) discharge of about 
2,900 m 3–s . However, the model substantially underestimates observed Ebro river 
 fl ow, and in the case of the Nile, human in fl uence such as the building of dams is not 
considered.  

    5.3.2.2   Mediterranean Agriculture, Forest and Ecosystem Services 

 Based on long-term analysis of satellite records for North Africa and the Middle 
East, observed degradation of vegetation is particularly severe in coastal areas of 
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Algeria, and is moderate in large parts of the West Nile Delta and Israel. The pattern 
is mixed in Tunisia, Syria and Lebanon, with some areas showing moderate to 
advanced increases in vegetation and other areas showing moderate to severe 
degradation (Part III, Fig. 2.4). Recent observations suggest that Mediterranean 
tree species are disproportionately sensitive to climate change compared to temperate 
tree species, and that future climate change could further accentuate historic climate 
and non-climate stresses (Part III, Chap. 5). 

 Earlier modeling studies reported in Part III, Chap. 2 suggest a northward shift in 
the margins of the evergreen closed-canopy forests in the Mediterranean region, 
replaced with low-cover shrublands and grasslands in southern areas. As a general 
rule it is considered that, in response to temperature alone, the northward migration 
of crop zones could be in the order of 150 km for every 1°C increase, with southern 
and eastern Mediterranean regions most vulnerable (Part III, Chap. 2). An increase 
in future droughts could reduce plant biomass, increase mortality rates, and lower 
the capacity of the vegetation to act as a carbon sink. There is likely to be large 
variation within the Mediterranean region (and at the local scale, the balance of 
processes can be particularly complex – see Box   4.2    ), from a projected increase in 
the carbon sink in the northern boundary of the region to a reduction in carbon 
sequestration in southern and eastern semi-arid shrubland regions (Part III, Chap. 2). 
An increase in  fi re risk due to increased fuel dryness and reduced humidity is likely 
to have a greater impact in areas with a large percentage of forest land cover. There 
are also potential interactions between future  fi re risk and temperature, with warmer 
drier conditions slowing growth rates and recovery (Part III, Chap. 3). 

 Using the ENEA regional climate model CIRCE runs (see Table  5.1 ) coupled 
with process-based crop models, the CIRCE project has assessed the agricultural 
impacts of climate change for two future periods (2011–2030 and 2031–2050). The 
results (presented in Part III, Chap. 4) suggest a general advance (i.e., earlier in 
the year) in phenological stage and a reduced inter-phase period. Despite a shorter 
time for biomass accumulation, durum wheat may bene fi t from enhanced CO 

2
  

fertilization effects and increases in productivity. Grapevine may be particularly 
vulnerable to warmer and drier conditions in the future, with yield declining in many 
parts of the Mediterranean (except some areas of western Asia and south-western 
France). In addition, projected increases in temperature imply a northward and eastward 
shift in the land suitable for olive tree cultivation within the Mediterranean region. 

 Future climate change could result in more frequent and more severe  fi res and a 
longer  fi re season in the Mediterranean (Part III, Chap. 6). Trends towards increased 
land abandonment in some parts of the region could increase fuel load and landscape 
continuity. Future  fi re vulnerability for the end of the twenty- fi rst century has been 
estimated in the CIRCE project using IPCC  2007  projections for wild fi res and 
drought occurrence. Projections show the greatest vulnerability exists in inland 
regions of Greece and Spain (Part III, Fig. 6.4). There is uncertainty about the net 
direction of post- fi re feedback processes, i.e., a reduction in fuel accumulation 
(biomass) could lead to negative feedback in terms of reduced  fi re risk, but post- fi re 
communities dominated by seeders could have increased  fl ammability and act as a 
positive feedback driving further change (Part III, Sect. 6.1). There are also uncer-
tainties with regard to the future role played by land management in  fi re regimes.  

http://dx.doi.org/10.1007/978-94-007-5769-1
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    5.3.2.3   Mediterranean Communities 

      Economic Impacts 

 For the A1B SRES scenario, and using a Computable General Equilibrium (CGE) 
model based on sector impacts, the CIRCE research line,  Economic Impacts of 
Climate Change  (Part IV, Sect. 10.5), has estimated the direct economic impacts of 
climate change by 2050. At an aggregated level (for energy demand, land loss due 
to sea-level rise, and tourism), the economies of countries of the North African and 
Eastern Mediterranean are indicated to be some of the most adversely impacted 
(a loss of up to 2% of GDP by 2050), while the European Mediterranean countries 
have a lower economic vulnerability (losses of about 0.2–1.4% of GDP by 2050). 
For the individual case-study countries in common with this assessment (Spain, 
Greece, Italy and Tunisia), Tunisia is estimated to have the highest net loss of GDP 
(about 1.1%) and Greece the lowest net loss (about 0.4%). However, the Eastern 
Mediterranean region (not reported at a national level) and covering the case-study 
countries of Syria, Lebanon and Israel, is estimated to suffer a loss of 1.6% in GDP, 
emphasizing their greater economic vulnerability to climate change (Part IV, Chap. 
10, Fig. 10.4). 
 For disaggregated sectors and using A1B SRES scenarios, percentages changes are 
estimated by 2050 (Part IV, Chap. 10, Table 10.12). Household electricity demand 
increases by about 0.7% and the demand for natural gas and oil decreases by about 
12.5 and 15% respectively, with little variation among the Mediterranean countries 
considered (for which the CIRCE case studies include Italy, Spain, Greece, Tunisia, 
‘Rest of North Africa’, and ‘Rest of Middle East’). The proportion of total land loss 
due to sea-level rise ranges from −0.02% for Spain to −0.25% for Tunisia. Changes 
in the demand for tourism and recreational services are estimated to range from −1.3% 
for Italy to −4.9% for Tunisia, with changes in tourism expenditure ranging 
from −$1.21 billion for Tunisia to −$9.87 billion for Italy. It should be noted that the 
climate-change information employed in the underlying impacts modeling does 
not have high temporal or spatial resolution – in the tourism model, for example, 
climate is represented only by mean annual temperature. Moreover these assessments 
do not adequately account for changes in the frequency and magnitude of extreme 
events. While existing economic impact models cannot cope with more explicit 
climate data, future work within the EU (such as DG Climate: ‘Climate Proo fi ng EU 
Policies’), aims to incorporate existing socioeconomic scenario data as a solution to 
this limitation, and as part of an EU Adaptation Strategy (Swart and Biesbroek  2009  ) .  

      Human Health and Well Being 

 Research in CIRCE (Part IV, Chap. 13) focused on present-day risks of excessive 
heat and air pollution, and infectious disease for ten cities of the Mediterranean 
region. Seven of the cities (Athens, Barcelona, Bari, Rome, Tel Aviv, Tunis and 
Valencia) are located within the home nations of the integrated case-studies, and 
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one city (Athens) is an urban case study. Heat thresholds (above which mortality 
increases) were de fi ned using maximum apparent temperature (which is based on 
air temperature and dew point) and varied across the cities, from 26°C in Barcelona 
to 33.6°C in Tunis. A 1% increase in apparent temperature above the threshold 
was found to increase heat-related deaths more on ‘high’ ozone days than on ‘low’ 
ozone days in Athens, Rome, and Valencia, but not in Barcelona, Tel Aviv or Tunis 
(Part IV, Sect. 13.3.3).  

      Energy 

 CIRCE work on energy focused on potential renewable energy resources (i.e., CSP – 
Concentrated Solar Power generation) within North African countries and options 
for greenhouse gas mitigation (Part IV, Chap. 14). There is a large potential for 
increase in energy consumption per capita in the countries of North Africa in keeping 
with population and economic growth projections. CIRCE projections for economic 
growth made using the general equilibrium model GEM-E3-MED CGE as part of 
the energy work (Part IV, Chap. 14, Table 14.3) are lower for European Mediterranean 
countries (annual % GDP increase of 2.4% for Spain, 1.9% for Greece, 1.6% for 
Italy for the period 2020–2030) than for North African countries (annual % GDP 
increase of 5.2% for Egypt, 4.5% for Tunisia, 4% for Algeria and Libya for the 
period 2020–2030). In addition to the opportunities of economic growth, there are 
also considered to be large opportunities for improving energy ef fi ciencies (Part IV, 
Fig. 14.3) in North African countries, particularly for industry (and especially 
in Egypt) and household appliances (especially in Algeria). Oil is likely to dominate 
the energy mix in the short-term, but could be overtaken by gas around 2020. 
All North Africa countries also have a strong potential for renewable energy, largely 
in wind and solar energy, but also in geothermal energy (Part IV, Sect. 14.2).  

      Mediterranean Tourism 

 Within the CIRCE project (Part IV, Sect. 15.4) the SRES A1B scenario was 
used with the Hamburg Tourism Model (Bigano et al.  2008  )  to project 
changes (the difference between including and not including climate change sce-
narios) in national tourism arrivals by the year 2100. Generally, the inclusion of cli-
mate change scenarios (not explicitly de fi ned) could encourage additional tourist 
 fl ows to northern European countries while discouraging tourist  fl ows from north-
ern to southern countries of the Mediterranean. For the integrated case studies, these 
national results (Part IV, Table 15.3) suggest a large decline by 2100 in international 
arrivals for West Asia and North African countries (−52, −45, −38, −36, −32 and 
−25% for Algeria, Egypt, Tunisia, Israel, Syria, and Lebanon respectively), and a 
lower decline in international arrivals for European Mediterranean countries (−22% 
for Greece, and −15% for Spain and Italy). The projected percentage changes are lower 
for domestic tourism (ranging from −17% for Algeria to +10.5% for Italy) and 
expenditure (ranging from −27% for Tunisia to +5% for Italy). 
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 In a local vulnerability assessment of tourism in the north-eastern coastline of the 
island of Djerba, Gulf of Gabès (Duvat and Magnan  2009  ) , Tunisia, a survey of 
decision makers at tourist resorts was used to assess local vulnerability in terms of 
sensitivity (the presence of dunes and a terrestrial/marine buffer zone) and exposure 
(e.g., the location of the site relative to waves and storms, distance from sea and 
level of protection for infrastructure). The tourist resorts on the northern stretch of 
coastline (Part IV, Fig. 15.3) were found to score more highly in terms of physical 
environmental vulnerability. This area has been subjected to rapid sand loss and 
hard engineering coastal structures have accentuated the environmental sensitivity 
(Part IV, Sect. 15.5.2).    

    5.3.3   Speci fi c Examples from the CIRCE Case Studies 

 Two example case-studies are presented in this section, to illustrate the potential for 
the construction of quantitative indicators of climate change:  fi rst, for the urban case 
study Athens (Greece) focusing on peri-urban  fi res, air pollution, human health and 
energy; and second, for the coastal case study in the Gulf of Gabès (Tunisia) which 
focuses on marine ecosystems and coastal tourism. In each case, the estimates of 
future hazard, impacts or vulnerability are based on climate model projections. 

    5.3.3.1   Athens Urban Case Study 

 For the Athens urban case study, biogeophysical and vulnerability indicators based 
on system thresholds (Table   4.1    ) were initially calculated using regional climate 
model output from the earlier EU ENSEMBLES project (van der Linden and 
Mitchell  2009  )  and, as it became available, output from some of the CIRCE models. 
The ENSEMBLES models were run over Europe at a resolution of about 25 km, for 
the A1B emissions scenario and the period 1950–2050 or 2100. Unlike the CIRCE 
model runs (Sect.  5.2 ) these are not coupled atmosphere–ocean regional models. 

 The response of biogeophysical and social systems to past extremes in climate 
can be used as an analogue for the potential consequences of climate change in a 
region. Thus for example, the Athens case study also assessed the impacts of the 
exceptionally hot and dry summer of 2007 on  fi re risk (Box  5.1 ). 

      Peri-Urban Fires 

 Greece as a whole recorded an average of 56,000 ha of forest burned per year 
between 1990 and 2000, with most of these caused by human ignition (Goldammer 
and Mutch  2001  ) . The destruction of forests by  fi re is of great concern since it can 
cause many negative side effects including  fl oods, soil erosion and consequent 
loss of fertility. Furthermore, peri-urban forest  fi res can play a role in regulating air 
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temperature and wind circulation in the surrounding city (Court-Picon et al.  2004 ; 
Iliadis  2004  ) . Thus peri-urban forest  fi res may contribute to an increase of tempera-
ture in the city during the summer months and an intensi fi cation of the urban heat 
island (Kurz et al.  1995  ) . 

 Peri-urban forest  fi res are highly sensitive to climate change since fuel moisture 
is affected by precipitation, relative humidity, air temperature and wind speed. For 
the Athens case study,  fi re risk for Attica and the surrounding forest area was 
assessed using the Canadian Fire Weather Index (FWI, Van Wanger  1987  ) . This is a 
numerical rating of  fi re intensity calculated using daily maximum temperature, 
relative humidity, wind and precipitation. Although the FWI was originally developed 
for Canadian forests, several studies have shown its suitability for the Mediterranean 
basin (e.g., Viegas et al.  1999  ) . 

 In order to identify a relationship between FWI values and  fi re occurrence for the 
Attica region, meteorological data for the period 1983–1990 were obtained from 
the Greek National Meteorological Service and daily  fi re frequency and area burnt 
in the regions of the meteorological stations were obtained from the Forest Research 
Institute of Athens. The locations of the  fi res are not available, although all were 
within about 150 km of the meteorological station. Fire occurrence was found to 
be low for a FWI less than about 15 and tends to increase with increasing FWI 
(Fig.  5.11 ). The oscillations at high FWI (above FWI = 45) may be due to sparse 
data, but could be an artifact of human behavior: during heatwaves, human activity 
is reduced and so fewer  fi res may be started (Venevsky et al.  2002  ) . A threshold 
of FWI = 30 was found to best de fi ne extreme  fi re risk in the peri-urban region 
of Attica.  

 Future  fi re risk was then estimated using daily output from six ENSEMBLES 
RCM (KNMI-RAMCO2, CNRM, ETHZ, MPI, METO and METNO) simulations. 

  Fig. 5.11    Mean number of  fi res per day against FWI ( crosses ) for  fi res near Athens for the period, 
1983–1990. The crosses merge to form a  thick curve , except at large FWI where data are sparse 
(Good et al.  2008  )        
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Ensemble-mean changes (with respect to the 1961–1990 baseline) for two 30-year 
future periods (2021–2050 and 2071–2100) were calculated. For Attica and the 
surrounding forest areas, the future  fi re risk is projected to increase in both periods. 
For the near-future period 2021–2050, the number of days with  fi re risk (FWI > 15) 
increases by up to 17–20 days or more in the north-western parts of the study 
area, while extreme  fi re risk (FWI > 30) is more spatially variable, with an increase 
of about 10 days in the vicinity of Athens itself (Fig.  5.12 ). By the end of the 
century (2071–2100), the increase is 50 days (for FWI > 15) and 40 days for extreme 
 fi re risk (not shown). The same analysis based on two of the CIRCE RCM simula-
tions (ENEA and MPI) shows a different spatial distribution for FWI (Fig.  5.13 ). 
In peri-urban regions, the future  fi re risk for FWI > 15 is greater in the Greater 
Athens Area than in the ENSEMBLES simulations. In contrast, extreme  fi re risk 
shows smaller increases in the CIRCE simulations (Fig.  5.13 ) compared to the 
ENSEMBLES simulations (Fig.  5.12 ).    

      Air-Pollution 

 Climate change is expected to affect air quality. It is already known that day-to-day 
meteorology affects both the severity and duration of pollution episodes. In a future 
climate-change world, faster chemical reactions, increased biogenic emissions, and 
stagnation may contribute to an increase in the occurrence of ozone pollution epi-
sodes. Ozone episodes are closely linked to adverse effects on human health, vege-
tation and ecosystems, and there is a documented relationship between ozone 
exceedances and hospitalization. 

 It has previously been shown that daily maximum temperature is strongly related 
to ozone concentration and accounts for much of the in fl uence of meteorological 

  Fig. 5.12    Projected changes (2021–2050 minus 1961–1990) in the number of days with  fi re risk 
FWI > 15 ( left ) and extreme  fi re risk FWI > 30 ( right ) based on output from six ENSEMBLES 
RCM simulations       
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variables on ozone (Lin et al.  2001 ; Bloomer et al.  2009  ) . Moreover, the strong 
correlation of ozone pollution episodes with temperature is associated primarily 
with surface air ventilation, since high temperatures are typically a result of stagnant 
air. Secondly, the correlation of ozone with temperature also depends on local 
ozone production chemistry and on temperature-dependent biogenic emissions 
(Jacob et al.  1993  ) . 

 The relationship between daily 8-h maximum temperature and ozone concen-
tration for Athens is shown in Fig.  5.14 . The probability of ozone exceedance days 
(de fi ned as days with maximum 8-h average   60 ppb, i.e., according to EU Directive 
2008/50/EC) increases over the temperature range 17–38°C, mainly due to high 
activity of photo-chemical processes.  

 The statistical relationship shown in Fig.  5.14  (the green line) was applied to 
output from three CIRCE models (ENEA, MPI, and IPSLglo) to estimate the potential 
impact of increasing future temperatures on ozone exceedance days in the Greater 
Athens Area. Figure  5.15  indicates that the number of these days is projected to 
increase. For the future period 2021–2050, ozone exceedance days are expected 
to increase by 4 days per year for MPI, 8 days for ENEA and 34 days for IPSLglo. 
A previous analysis (not shown) using output from the KNMI ENSEMBLES model 
found an increase, amounting to about seven extra ozone exceedance days per year. 
For the end of the twenty- fi rst century (2071–2100), the KNMI simulation suggests 
an increase of almost an additional month (about 27 days) of ozone exceedance 
days per year.  

 Published studies of climate change impact on air quality at the regional scale in 
Europe indicate worsening of future air-quality and especially increased occurrence 
of ozone exceedance days. These results have been obtained by coupling process-
based climate-chemical models at various horizontal resolutions and for various 
greenhouse gas emission scenarios. Forkel and Knoche  (  2007  ) , for example, using 

  Fig. 5.13    Projected changes (2021–2050 minus 1961–1990) in the number of days with  fi re risk 
FWI > 15 ( left ) and extreme  fi re risk FWI > 30 ( right ), based on the average of two CIRCE models 
(ENEA and MPI)       
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a varied-resolution climate-chemical model system under the IS92a emission 
scenario, found that the impact of climate change on its own could lead to an 
increase of about 16 extra ozone exceedance days in Central Europe by the 2030s 
compared to the 1990s. Results from such dynamical modeling studies provide 
qualitative support for the statistical modeling results presented here.  

      Human Health Risks 

 In order to explore future changes in heat-related deaths, all-cause daily mortality 
data for 1992–2006 for Athens were acquired from the Greek National Institute of 
Statistics. Daily climate data were provided by the National Observatory of Athens. 
These data show that there have been considerable heat-related deaths in Athens, 
both from moderate and extreme heat during summer months due to individual 
heat-wave events. A clear seasonal variation in mortality is observed with more 
deaths in winter and in summer, and fewer deaths during the transitional seasons. 

 An empirical-statistical model for summer heat stress was constructed using 
these data and applied under the assumption that the relationship between temperature 

  Fig. 5.14    Scatter plot of the daily 8-h maximum average ozone concentration vs. daily maximum 
temperature for Athens, with best  fi t line ( green ) and 95% con fi dence limits ( red )       
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and mortality is linear. Excess deaths were calculated as deaths above the expected 
mean daily value for each summer month in the observed period (78.9 deaths in 
June, 81.2 in July and 79.1 in August). Thus heat-related deaths are de fi ned as 
the number of deaths occurring in excess of the number that would be expected for the 
population in the absence of stressful weather. 

 Summer daily excess deaths in Athens for each maximum air temperature 
interval are presented in Fig.   3.8     along with the frequency of occurrence of the 
temperature intervals. A ‘V-shaped’ relationship between mortality and temperature 
is evident. Hotter days are associated with greater mortality risk above about 34°C 
(which is therefore used as a system threshold – see Table   4.1    ). Substantial heat-
related deaths occurred at very high temperatures. 

 A linear model was then used to predict heat-related mortality for future climate 
(2021–2050 and 2071–2100) using temperature output from the RACMO2 RCM 
ENSEMBLES simulation for the A1B emissions scenario (Fig.  5.16 ). An ‘adaptation’ 
or acclimatization factor of 1°C per 30 years (Dessai  2002  )  was included to allow 
for physiological and behavioral adjustment to higher temperatures. The same 
model was also applied for three CIRCE simulations (ENEA, MPI and IPSLglo) 
(Fig.  5.17 ). Even after adjustment for adaptation, there are signi fi cant increases in 
excess heat-related mortality for the periods 2021–2050 (Figs.  5.16  and  5.17 ) and 

  Fig. 5.15    Ozone probability distributions for temperature above 17°C, for two periods, observed 
(1990–1999) ( green ) and 2021–2050 ( black, red, grey ) for CIRCE models (ENEA, MPI, IPSLglo). 
Values are plotted at the mid-point concentration of each 5 ppb ozone concentration bin       
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especially for the period 2071–2100 (Fig.  5.16 ). This increase is evident in the  fi gures 
by the shift to the right and the longer tails of the simulated color bars compared 
with the red observed bars. There are, however, substantial differences in mortality 
projections for 2021–2050 in the three CIRCE models (Fig.  5.17 ). In particular, the 
IPSLglo model fails to capture the high summer temperatures observed in Athens 
(see Sect.  5.4 ), and thus exhibits much lower values of excess mortality in the future 
climate. ENEA has a much better  fi t to observations, followed by the MPI model, 
providing greater con fi dence in the mortality projections.    

  Fig. 5.16    Excess deaths ( right axis; red  and  dark blue bars  for present and future climate with 
adaptation, respectively) and daily temperature frequencies ( left axis; light blue bars ) in Athens, 
for the future periods 2021–2050 ( top ) and 2071–2100 ( bottom ), respectively, for the RACMO2 
RCM ENSEMBLES simulation       

 



138 C.M. Goodess et al.

      Energy Demand 

 Consumption of electricity is particularly sensitive to weather (in particular tem-
perature), since large amounts of electricity cannot be stored and thus electricity 
that is generated must be instantly consumed. Average daily electricity demand in 
most European countries shows a single peak during winter months (Hekkenberg 
et al.  2009  ) . In Europe, only Spain, Portugal, Italy and Greece currently show an 
additional peak during summer months (Hekkenberg et al.  2009 ; Giannakopoulos 
and Psiloglou  2006  ) . 

 In order to explore potential future changes in energy demand, hourly energy 
consumption data were obtained from the Strategy and Planning Department of the 
Public Power Corporation of Greece for the Greater Athens area. These data are for 
total hourly residential and commercial electricity consumption (kWh) spanning the 
9 years from January 1993 to December 2001. Over this period, energy consumption 
shows a clear upward trend that has largely been attributed to economic growth 
(as indicated by gross national product) and increasing use of air conditioning. 
However, at the same time, short-term  fl uctuations are non-linearly (negatively in winter, 
positively in summer) associated with the variation in daily mean temperature. 

 The variation in daily energy consumption with mean daily air temperature for 
2001 is shown in Fig.  5.18 . During December, the maximum values of energy 
consumption are related to the occurrence of the lowest temperatures. During the 
transition season of March/April, air temperatures are constantly rising but remain 

  Fig. 5.17    Excess deaths ( right axis ;  red ,  dark royal blue ,  green , and  light orange bars  for present 
and future climate with adaptation, respectively) and daily temperature frequencies ( left axis ; 
 light blue bars ) in Athens, for the future period 2021–2050 derived from three CIRCE multi-model 
simulations (ENEA, IPSLglo and MPI)       
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within comfort levels so energy consumption levels remain nearly constant until 
about May before rising to a summer peak. Energy demand and consumption are, 
however, greatly reduced during weekends and holidays compared to working days 
(Fig.   4.2    ). The lowest values occur during the long Easter weekend (‘Good Friday’ 
to ‘Easter Monday’) and other  fi xed holidays (15 August, Christmas), irrespective 
of daily mean air temperature. Nonetheless, in general in Athens, energy consumption 
(for cooling) increases with increasing temperature above a threshold temperature 
of about 22°C (Fig.   4.3    ; Table   4.1    ), and below this value consumption (for heating) 
increases with decreasing temperature.  

 Future energy demand in Athens was estimated using temperature output 
from three CIRCE models (ENEA, MPI and IPSLglo), and the RACMO2 RCM 
ENSEMBLES simulation for the A1B emissions scenario and a simple extrapola-
tion of the non-linear trend between temperature and energy load for the present 
day. It is assumed that technology use (UNDP  2002  )  is the same in the control 
(1961–1990) and future periods (2021–2050 and 2071–2100). Figure  5.19  shows 
that for the colder half of the year (November to April), energy demand decreases. 
The gain in energy demand is about 2% for 2021–2050 and about 5% for 2071–2100 
(RACMO2 results, not shown). For the warmer half of the year (May to October), 
an increasing trend is evident: a 5% increase in demand for 2021–2050 and 15% for 
2071–2100 (RACMO2 results, not shown). The increases are double these values in 
the hot summer months of July and August when the demands for air conditioning are 
at their peak. For the CIRCE simulations, the summer gain in demand is similar 
(perhaps slightly less) in percentage terms to the winter decrease (Fig.  5.19 ), whereas 
it is greater for the RACMO2 simulation (not shown).    

  Fig. 5.18    Variation in Athens daily energy consumption ( left axis ,  red line ) with mean daily air 
temperature ( right axis ,  blue line ) for 2001       
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    5.3.3.2   Gulf of Gabès Coastal Case Study 

 An assessment of CIRCE climate projections (Sect.  5.2 ) for the Gulf of Gabès 
shows clear warming in both the mean and extremes of air temperature (Figs.  5.1 , 
 5.2  and  5.3 ). Associated with this atmospheric warming, sea surface temperatures 
in the Gulf are also projected to warm signi fi cantly at about 0.2°C per decade for 
the period 2021–2050 relative to the period 1961–1990 and 0.4°C per decade by 
the middle of the twenty- fi rst century (Fig.  5.10 ). There is some evidence of a non-
signi fi cant increase in salinity out to the middle of the present century, with a 
decrease towards the end of the century (not shown). The CIRCE models show an 
increase in sea level of around 10 cm for the period 2021–2050 relative to the period 
1961–1990 in the Mediterranean basin due to the steric effect (see more detailed 
discussion in Sect.  5.2 ). Mean annual precipitation (Fig.  5.8 ) is projected to decrease 
in the Gulf of Gabès at a relatively low rate compared to some of the other case studies 
(about − 4% per decade in the period 2021–2050), while wind speed and relative 
humidity (not shown) show no signi fi cant change. These atmospheric and marine 
changes are expected to lead to a range of biogeophysical and socioeconomic 
impacts in the Gulf of Gabès. Below, potential impacts for marine ecosystems and 
the tourist industry are presented using selected impacts and vulnerability 
indicators. 

 For marine ecosystems, growth in the number of alien (invasive) species was 
estimated by  fi tting an exponential relationship to the observations (adjusted 
to remove a bias introduced by the increased research, and hence reporting activity, 

  Fig. 5.19    Athens energy demand ( bars ,  right axis ) and daily maximum temperature ( triangles , 
 left axis ) for the colder ( left ) and warmer ( right ) halves of the year for 1961–1990, 2021–2050 
periods for CIRCE simulations (ENEA, MPI, IPSLglo)       
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in the area). The underlying observations are shown in Fig.   3.7    , while the estimated 
future growth as a function of the projected ensemble-mean SST warming (Fig.  5.10 ) 
is shown in Fig.  5.20 . The projected increase in the number of alien species at a rate 
of +43% per 1°C warming results in an estimate of nearly 106 new species by 2050 
compared with the 2007 baseline. Such an increase would have further ‘knock on’ 
effects on the region’s marine biodiversity and the economically important  fi shing 
industry.  

 Tourism is of growing importance to the regional economy in the Gulf of 
Gabès, particularly for locations such as the island of Djerba. A Tourism Seasonal 
Shift Index based on a threshold mean temperature of 23°C de fi ning the start and 
end of the tourist season was calculated using output from  fi ve CIRCE models for 
the period 1950–2050. The simulated start and end dates (Fig.  5.21 ) suggest a 
further lengthening of the summer tourist season (for the period 2021–2050: 
3 days earlier start, 13 days later end, 16 days longer duration). Such a change 
could bring bene fi ts to tourism activity in the southern gulf, particularly in the 
autumn season.  

 The future climate ‘attractiveness’ for tourism in the Gulf of Gabès was also 
assessed using a Daily Climate Tourism Potential Index (DCTPI; Henia and Alouane 
 2007 ; see also Sect.   4.4.2    ), for which  fi ve classes are de fi ned: ‘highly unfavorable’, 
‘unfavorable’, ‘acceptable’, ‘favorable’, and ‘highly favorable’. Model data were 
adjusted to those of the observation period 1973–2003 for Djerba (Fig.   4.18    ) to help 
correct for climate model biases (see Sect.  5.4 ). The results (Fig.  5.22 ) suggest that 

  Fig. 5.20    Estimated number of observed alien species in the Gulf of Gabès ( red line ) obtained as 
a  fi tted exponential function to SST (Fitted SST = 42.8*SST-741.6). An exponential  fi t to observa-
tions ( blue line ) with a trend of 15%/decade is also shown. The observations ( blue symbols ) are the 
cumulative number of new species recorded, (see Harzallah et al.  2010  )  and are adjusted to correct 
for the increasing number of studies from a reference year, 2007       
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the number of ‘favorable’ days will decline steadily, while ‘acceptable’ days increase. 
By the middle of the twenty- fi rst century, nearly 22 days a year (largely in summer) 
will be downgraded, with respect to the present climate, from ‘favorable’ to ‘accept-
able’. In contrast, tourism will bene fi t from a small increase in the number of ‘highly 
favorable’ days in winter.  

 The socio-economic consequences of climate conditions becoming ‘acceptable’ 
rather than ‘favorable’ for tourism were then calculated theoretically on the basis 
of a devaluation of −20 Tunisian dinar per night (MEDD/PNUD  2008  ) . All capital 
gains and losses are based on MEDD/PNUD  (  2008  )  and are reported relative to 
GDP (2007 levels), while employment loss is considered to be dependent on hotel 
capacity. The estimated economic impact for the region by the year 2050 relative to 
1960 is a loss of capital and annual gains of 0.023 and 0.11% respectively (Fig.  5.23 ). 
Consequently, by 2050 there could be a direct and indirect reduction in employment 
of around 5 and 14,000 people, respectively. It should be noted that the socio-
economic impacts are estimated only according to the hypothesized effects of 
temperature warming on tourist attractiveness, other system drivers and pressures 
(e.g., a longer tourist season, beach erosion and loss, availability of freshwater, and 
the cost of air travel) are not considered.    

  Fig. 5.21    Tourism Seasonal Shift Index (T > 23°C): the start and end of the summer season calcu-
lated using output from a range of CIRCE models for the period 1950–2050. The ensemble-mean 
(based on all models except ENEA-ERA40-2) is also shown. Days are counted from 1st March. 
Prior to calculation, the mean daily temperature series from each model was adjusted to the mean 
observed temperature at Djerba during the period 1973–2003       
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    5.3.4   Summary and Discussion of Key Projected Changes 

 The CIRCE integrated case-study assessments aimed at using diverse types and 
sources of knowledge (qualitative and quantitative) to understand climate hazards, 
impacts and vulnerability at a local/regional level (see Figs.   4.2    ,   4.6     and   4.11    ). 
In this section, some of the key projected changes of relevance to the integrated case 
studies are discussed  fi rst for biogeophysical systems, and second for social systems 

  Fig. 5.22    DCTPI (Daily Climate Tourism Potential Index) time series (1950–2050) for the classes 
‘favorable days’ ( top ) and ‘acceptable days’ ( bottom ) for the Gulf of Gabès. The shown series are 
calculated from the output of  fi ve CIRCE coupled models, and the ensemble mean       
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and communities in the Mediterranean. Finally, the case studies conceptual 
framework (the CCIF) is presented as a useful tool for integrating different types of 
information across sectors, for highlighting knowledge gaps, and for identifying 
strategies for adaptation. 

    5.3.4.1   Future Changes in Biogeophysical Systems 

 While a general northward shift in evergreen forest and general increases in produc-
tivity of durum wheat are projected in CIRCE work (Part III), local impacts will 
depend on a complex interplay of soils, water resource management, and farm-level 
inputs and management – as illustrated in the Judean Foothills and Tel Hadya rural 
case studies. Land use is also changing across the Mediterranean region due to 
non-climatic drivers. In northern regions, rural depopulation and abandonment of 
agricultural land is a characteristic process. In contrast, areas in the south and 
east of the Mediterranean region (such as Syria, Algeria, Tunisia, and Egypt) are expe-
riencing pressures of rapid population growth, and increasing use (and overuse) of 

  Fig. 5.23    A theoretical simulation of socio-economic impacts of days becoming ‘acceptable’ in 
the Djerba-Zarzis tourist area for the period 1960–2050, based on the ensemble average of  fi ve 
CIRCE coupled models for the Gulf of Gabès area (the average of the different model variables 
used to calculate the percent days becoming ‘acceptable’ are adjusted to that of the observations 
for the period 1973–2006). Results are shown as annual percentages of 2007 GDP. Projections of 
the direct and indirect employee loss should be multiplied by 100,000. Economic losses are based 
on 2007 rates       
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rural land for livestock, cropping and  fi rewood (Part III, Sect. 2.4). At a regional 
level, two rural case studies within the same country (Italy), typify these diverse 
processes: land abandonment in Tuscany and intensi fi cation of agriculture in the 
Apulia case study. All of the rural case studies have considered the potential impacts 
of climate change for rain-fed wheat crops. In each case, the key climate hazards 
identi fi ed are heat stress, drought and a reduction in water availability. However, 
the level of vulnerability to climate change depends not just on the future extent 
of the climate hazard, but on the complex mix of environmental and social vulner-
ability and stressors. For example, local differences in farm management, water 
resource type (ground water, surface water, or reclaimed wastewater) competition 
for freshwater resources, slope and geology, and land use; and in the capacity to 
adapt (e.g., differences in  fi nancial resources, policy, and technological innovation – 
see Chap.   6    ). 

 Ecosystem vulnerability is also spatially diverse across Mediterranean regions. 
Semi-arid ecosystems are particularly vulnerable to climate variability and change, 
with high rates of population growth adding increasing pressure on natural resources 
and increasing the likelihood of overexploitation of provisioning ecosystem 
services potentially resulting in deserti fi cation and low land productivity. In areas 
lacking effective policies or investment in environmental protection and manage-
ment, ecosystem vulnerability is further heightened. Nature reserves in the Gulf 
of Oran are ecologically important littoral sites and buffer zones (Sect.   4.4.3    ), but 
demonstrate substantial fragility in the face of climate change and marine pollution. 
Atmospheric and marine changes may already have contributed to the appearance 
and persistence of invasive marine species and a reduction in prey species distribu-
tion and abundance has potential damaging consequences for predatory species 
such as dolphins, and for the  fi shing industry. Terrestrial ecosystem vulnerability to 
climate change in the Mediterranean is highlighted in the Judean Foothills rural case 
study (Sect.   4.3.1    ). Ecosystem changes (presence or absence of vegetation types) 
along a rainfall gradient show the potential vegetative impacts of a change from a 
more moderate precipitation regime (tall woody vegetation and forest) to a semi-
arid regime (sparse dwarf shrubland).  

    5.3.4.2   Future Changes in Social Systems and Communities 

 Climate projections for the Mediterranean region (Sect.  5.2 ) suggest future threats 
to urban areas, most notably and robustly in the form of increased risks of high-
temperature extremes such as heatwaves, and will inevitably aggravate other cli-
mate-related impacts, such as water resource availability, saltwater intrusion, air 
pollution and peri-urban forest  fi re risk. Socio-economic sectors will also be 
impacted, for example, human health risks are expected to increase with more fre-
quent and extreme high temperatures, droughts, and air pollution events, together 
with associated challenges of rising energy demand for cooling and shifts in the 
seasonal pattern of tourism. 

http://dx.doi.org/10.1007/978-94-007-5769-1_6
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 It is important to consider non-climate drivers of change in biogeophysical and 
social systems, such as population and economic change, alongside climate changes. 
While Fig.  5.24  indicates a future decline in population growth rates over the course 
of the next 50 years, projections for countries such as Greece, Israel and Tunisia, 
show continuing growth in urban population and declining rural population. In the 
short-term population growth is likely to exert additional pressure on land and 
resources particularly in the southern and eastern countries of the Mediterranean. 
Note that a number of different population scenarios and projections are available 
and have been used across the CIRCE project. The energy-related work reported in 
Part IV, Chap. 14, for example, uses the International Labor Organisation (ILO 
 2009  )  as a source for population projections for North African countries. These are 
higher than the UN projections shown in Fig.  5.24  by about 1% per annum.  

 Critical water issues in the case-study locations are related to increasing demand 
in regions of population growth (e.g., in Algeria, Egypt, Israel, Lebanon, Syria 
and Tunisia), and increasing demand in areas of more intense agricultural use 
(e.g., Apulia). Access to adequate water resources is a basic need and is pivotal to 
all sectors of society, from ecosystem services, to industry and services, human 
health and well being. In the conceptual framework for individual case-studies, 
freshwater resources is a crucial integrating indicator for several regions (Beirut, 
Alexandria, Tel Hadya, Judean Foothills, Apulia, and Tuscany), and water scarcity or 
inequalities in access has economic and welfare implications. Since water integrates 
sectors and regions, promoting policies and activities which foster equality in water 
provision and greater ef fi ciencies in water management are essential components to 
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future sustainable development in the Mediterranean. Reclamation of wastewater 
from domestic and industrial sources, as well as  fl oodwater storage are potentially 
large sources of irrigation water for agriculture and other water consumers. However, 
use of recycled wastewater requires building appropriate infrastructure and in coun-
tries such as Lebanon there are social and religious constraints on certain uses. 
Large amounts of water can also be saved through utilization of ef fi cient irrigation 
technology in agriculture, such as dripping irrigation. 

 Within the countries of the Mediterranean, vulnerability to climate-related dis-
ease, injury and death vary spatially due to regional and local differences in current 
and projected climate hazards, and in health-care services, and in preparedness for 
extreme events such as heatwaves. An assessment of impacts and vulnerability in 
the urban case studies (Athens, Alexandria and Beirut) has highlighted the diversity 
in climate-related health hazards and social vulnerability between cities of the 
Mediterranean. In Athens, heat waves have readily discernible and direct health 
impacts because they result in a large number of deaths and affect relatively large, 
heterogeneous areas simultaneously. However, health outcomes vary according 
to the intensity, duration and timing of the heatwave event, and according to the 
characteristics of the population, disproportionately affecting the elderly, young 
people with pre-existing illness, and low-income groups. The threshold at which 
heat deaths occur also varies across the Mediterranean and is higher in cities of the 
southern and eastern Mediterranean where communities are more accustomed to 
warmer temperatures (Part IV, Chap. 13). 

 Synergistic effects of high ozone and heat extremes can increase the mortality 
rate in some cities. The Athens (see Sect.  5.3.3.1 ) and Alexandria urban case studies 
have both highlighted the increasing risk of ozone pollution and corresponding 
health concerns. High pollutant and aerosol loadings are of particular concern 
in Alexandria (Fig.   3.6    ), and in the wider West Nile area (although no future projec-
tions are available for this region from CIRCE air quality work). Peak pollution 
days typically occur during the spring and summer dust seasons when pollutants are 
transported from Europe. An estimated 10–25,000 people a year currently die in 
Cairo due to air pollution-related disease. Yet despite the health concerns, unregu-
lated human activity and emissions persist, and the health risks of climate change 
are under-researched in the region. In a future warmer world, faster chemical reactions, 
increased biogenic emissions, and atmospheric stagnation could increase the risk of 
pollution episodes in Mediterranean cities (as suggested by the statistical modeling 
work on ozone pollution for Athens – see Sect.  5.3.3.1 , Fig.  5.15 ). 

 Heat stress and water-borne disease are two key issues of concern in relation to 
human health in Beirut (Sect.   4.2.1    ). Projected changes in mortality due to heat-related 
stress and food- and water-borne diseases have been explored using CIRCE model 
and CMIP3 global climate model outputs. The results (not shown) indicate increasing 
trends in food- and water-borne disease Changes in heat-related mortality have been 
explored using the 27.5°C threshold identi fi ed by El-Zein et al.  2004 . A particular aim 
is to quantify the balance between increased warm-season and decreased cold-season 
deaths, and between mortality changes related directly to warmer temperatures and 
the projected increases in mortality from food- and water-borne disease. 

http://dx.doi.org/10.1007/978-94-007-5769-1
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 The tourism industry makes an increasing contribution to the economy of 
Mediterranean countries, and particularly to coastal regions.  The United Nations 
Environment – Mediterranean Action Plan   (  2005  )  has projected that tourism in the 
Mediterranean will rise from 246 million tourists in the year 2005 to around 
637 million tourists by the year 2025. However, these estimates do not incorporate 
the potential impacts of climate change. Future in fl ows to tourist destinations in 
the CIRCE case-study regions are likely to be affected (directly and indirectly) by 
changes in average climate (in both the source and destination regions), changes in 
the frequency and intensity of extreme climate events (such as  fl oods, droughts, and 
heatwaves), and by international and national climate change mitigation policies. 
Highlighted climate-related risks for tourism in the case studies include: beach 
erosion and loss (e.g., for the low-lying islands of the Gulf of Gabès), heat-related 
extremes (Athens, the Judean Foothills, Apulia, the Gulf of Gabès), atmospheric 
pollution and wild fi res (Athens, Alexandria), increased competition for scarce water 
resources and saltwater intrusion of coastal aquifers (Gulf of Valencia, Gulf of 
Gabès, Alexandria, Beirut, Apulia), and loss of traditional landscape in Tuscany. 
However, the direction of response to projected climate change for Mediterranean 
resorts may not be all negative: the quantitative impact assessment of climate change 
in the Gulf of Gabès coastal case study (see Sect.  5.3.3.2 ) suggests that the projected 
warmer winters and simulated extension of a temperature-determined tourism 
season present opportunities in winter and in the transitional seasons, particularly in 
autumn. In the rural Apulia case study, a projected longer summer tourism season 
by the mid twenty- fi rst century (2.2 days/decade) has the potential to offer new 
opportunities to regional tourism.  

    5.3.4.3   Linking Vulnerabilities and Impacts 

 The CIRCE case-study assessments of impacts and vulnerability show that climate 
variability and change have direct consequences on a variety of physical and social 
systems that in turn affect other physical and social systems through a cascading set 
of processes (Chap.   4    ). The development of an individual case study conceptual 
framework (the CCIF; see Sect.   1.3    ) attempts to organize these linkages and highlight 
important research issues regarding key climate hazards, vulnerabilities and impacts 
at a regional-to-local level. This approach also facilitates the identi fi cation and 
implementation of local and regional adaptation strategies (see Chap.   6    ). 

 Figure  5.25  shows the CCIF indicator linkages for the Gulf of Gabès case study 
for which a number of key hazard, impact and vulnerability indicators have been 
quanti fi ed for both the present-day and the future (Sect.  5.3.3.2 ). The linkages relating 
to the tourism sector have been studied in some detail. This sector may be negatively 
impacted through beach erosion, saline intrusion, degradation of marine ecosystem 
services, and the projected increase in heat extremes. However, climate change may 
present some opportunities for regional tourism due to the projected increase in 
days ‘favorable’ to tourism in winter, and an extension of the tourist season into 
the autumn. Another set of linkages that has been explored in detail concerns alien 

http://dx.doi.org/10.1007/978-94-007-5769-1_4
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species and  fi shing activity vulnerability (Fig.  5.26 ). It is surmised that an increase 
in the annual maximum swell height (Fig.   4.14    ) together with sea-level rise and human-
derived shoreline modi fi cation have accentuated the vulnerability of the coastline to 
climate change. In parallel, marine ecosystems in the region are particularly vulnerable 
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  Fig. 5.25    Indicator linkages for the Gulf of Gabès, Tunisia. The  blue boxes  denote key climate and 
marine drivers, the  green boxes  denote key biogeophysical impacts and vulnerabilities ( italics ); the 
 orange boxes  denote key social impacts and vulnerabilities ( italics )       
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to sea-surface warming (Fig.  5.10 ) due to the shallowness of the Gulf and as a 
consequence, and in association with social pressures of over fi shing (declining  fi sh 
stock favors the establishment of alien species), the number of alien marine species 
found in the Gulf is projected to increase in the future (Fig.  5.20 ). In turn, this is 
likely to damage the biodiversity of the Gulf through food-web alterations which in 
turn have potential negative consequences for the economically important  fi shing 
activity in the region.   

 Within the  fi nancial and time constraints of the CIRCE project, it has not been 
possible to fully explore all the linkages identi fi ed in Fig.  5.25  and only a few of the 
indicators have been quanti fi ed for both the present day and the future (Table  5.3 ). 
Others have been considered using more qualitative and inferential approaches. 
It may be possible to  fi ll some of the quantitative gaps in work beyond the end of the 
CIRCE project. Nonetheless, the linkage diagrams constructed for the Gulf of Gabès 
(Fig.  5.25 ) and the other case studies (Fig.   3.4    , for example, shows the linkage 
diagram for the Judean Foothills), provide a valuable framework for discussions 
with regional stakeholders and decision makers (Sect.   6.3    ). Where quantitative indi-
cators have been produced for the future, these are inevitably subject to a number of 
uncertainties which are discussed in the next section.    
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ing)

Blooms (e.g., Jelly fish)
Fish mortality

Increased competitiveness
between species
Decreased biodiversity

Decreased catch of traditional
highly valued species

Economic losses for fisherman

Decline in indigenous species

Increased maximum swell height
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  Fig. 5.26    Marine ecosystem –  fi shing activity vulnerability linkage diagram for the Gulf of 
Gabès       
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    5.4   Assessment Uncertainties 

 The climate projections which underlie the case-study impact and vulnerability 
assessments are inevitably subject to uncertainties (Part I, Sect. 3.5). In terms of the 
climate model response to prescribed greenhouse gas and natural forcings, the 
CIRCE modeling team identify three types of uncertainty: unpredictability, struc-
tural uncertainty and value uncertainty (Part I, Table 3.12). These uncertainties can 
be addressed by taking either a multi-model or a perturbed-physics ensemble 
approach. The former approach samples inter-model or structural uncertainty and is 
the one adopted in CIRCE, while the latter approach samples intra-model or param-
eter uncertainty. The CIRCE multi-model ensemble is, however, rather small – six 
models in total (Table  5.1 ). This is because it was considered important to focus on 
atmosphere–ocean coupling over the Mediterranean, something not previously 
incorporated in simulations for the region. Thus a limited number of coupled 
regional simulations were undertaken within the project, with some additional analysis 
of the larger ENSEMBLES un-coupled RCM ensemble. 

 Before using any climate model output for the construction of future projections 
it is important to consider its reliability. A ‘necessary but not suf fi cient’ guide is 
provided by the ability of models to reproduce observed climate. Thus a number of 
evaluation or validation studies were undertaken as part of the CIRCE modeling 
work. In the case of the land-surface climate, a number of systematic errors were 
identi fi ed, with the CIRCE ensemble generally colder than observations in both 
winter and summer by about 2°C (Part I, Sect. 3.2.1). In terms of systematic biases 
in precipitation, the CIRCE models simulate an excess of precipitation over central 
Europe in both seasons and a lack of precipitation in the Alpine region, Middle East 
and, in summer, in the area of the Black Sea. 

 These biases are evident in comparisons of observed and simulated (ENEA and 
IPSLglo models only) maximum and minimum annual temperature (Fig.  5.27 ) and 
annual precipitation (Fig.  5.28 ) undertaken for the urban case studies. The cold bias 
is most clearly evident in both models in the case of minimum temperature 
for Athens and Beirut. In some cases, however, temperatures are well simulated 
(e.g., maximum temperature for Athens in the ENEA model) or are overestimated 
(e.g., maximum temperature for Alexandria in the ENEA model). Precipitation 
for Alexandria is clearly underestimated but appears better simulated for Athens. 
The models are not, however, able to simulate extreme years: there are no simulated 
values comparable to the exceptionally high total annual precipitation observed 
in Athens in 2006. In the case of Beirut, the observed inter-annual variability 
of precipitation is very large and there are concerns about the reliability of the 
observations, which makes it dif fi cult to draw conclusions about model performance 
in this case.   

 In order to minimize the effects of such biases, the CIRCE projections are generally 
presented in the case-study work as the difference between the future (2021–2050) 
and control (1961–1990) periods. In the case of extreme events (Figs.  5.3 ,  5.4 ,  5.6 , 
 5.7  and  5.9 ), biases in the absolute magnitude of events (but not in the shape of the 
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distribution) are minimized by using percentile thresholds calculated from the 
model control period rather than from observations. Fixed, absolute thresholds are, 
however, rather easier to understand than percentiles. Thus, the Athens impacts 
studies (Sect.  5.3.3.1 ) generally used absolute temperature thresholds to give a 
clearer picture of the underlying impact to the relevant stakeholders. As an example, 
the IPSLglo model has a particularly large cold bias (Fig.  5.27 ) and projects virtu-
ally no increase in mortality when health impacts are considered (Fig.  5.17 ). 

 Some impact models, such as crop growth models, require daily time series as 
input data and simulated processes can be extremely sensitive to the absolute 
magnitude of input variables, such as temperature, particularly at crucial stages 
of phenological development. Thus in preliminary CIRCE crop-modeling work, the 

  Fig. 5.27    Time series of mean annual maximum ( left ) and minimum ( right ) temperature (°C) for 
the urban case studies from observations ( black ) and the ENEA ( red ) and IPSLglo ( green ) CIRCE 
models. The models run from 1950 to 2050       
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  Fig. 5.28    Time series of total annual precipitation (mm) for the urban case studies from observations 
( black ) and the ENEA ( red ) and IPSLglo ( green ) CIRCE models. The models run from 1950 to 2050       
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Tuscany group used the locally-calibrated LARS-WG weather generator (Semenov 
 2008  )  to stochastically generate homogeneous synthetic weather series for the 
present and future forced by GCM outputs. When forced by the HadCM3 GCM, 
the weather generator output indicates a general and progressive reduction of 
precipitation in Tuscany to the end of the century, particularly during spring and 
summer, together with a steady increase in temperature which is strongest in sum-
mer. The Tel Hadya group adjusted daily temperature, radiation and precipitation 
output from the ENEA model using cubic spline functions to  fi t the simulated 
to the observed data. Bias correction was also used in the Gulf of Gabès case study to 
adjust daily mean temperature output from the CIRCE models to observations 
for Djerba (Figs.  5.21  and  5.23 ). For the Gulf of Oran case study, a neural network 
technique was used to calibrate daily output from the ENEA model with observations. 
For all these bias correction methods, the adjustments or corrections are calculated 
using present-day data and then applied to model output for the future, on the 
assumption that the biases are unchanged in the future. 

 Biases are also evident in the sea-surface characteristics simulated by the CIRCE 
models (Part I, Sect. 3.3). A cold bias of about 2°C in SST is attributed either to 
air-sea  fl uxes being too cold during the spin-up coming from the atmosphere or to 
colder than observed waters being advected into the Mediterranean basin at the 
Strait of Gibraltar. Similarly, the models tend to underestimate SSS (by about −0.4 
psu during the 1961–1990 control period) due to the advection of fresh surface 
waters from the Atlantic. Validation (and hence bias correction) of SSH is problematic 
due to temporal and spatial variability and lack of observed data. 

 Ideally, all six CIRCE climate model simulations would be used for the case-
study work. However, constraints of time and resources meant that this was not 
possible (although work on processing model output is ongoing at the time of writing 
this volume). The analysis of mean temperature and precipitation and temperature 
extremes presented in Sect.  5.2  is based on  fi ve of the six-available models (Figs.  5.1 , 
 5.2 ,  5.3 ,  5.4 ,  5.6 ,  5.7  and  5.8 ). When using these climate indicators it is important to 
consider the ensemble range as well as the ensemble mean (hence both are shown 
in the  fi gures). The precipitation-based indicators for the urban case studies (Fig.  5.9 ) 
are based on only two of the CIRCE models: ENEA and IPSLglo – so caution is 
needed. Caution is also needed in using the biogeophysical and vulnerability indica-
tors for Athens presented in Sect.  5.3.3.1 . The  fi re-risk analysis is based on six RCM 
runs from the ENSEMBLES project and two CIRCE RCM runs, while the air pol-
lution, human health and energy demand analyses are based on a single ENSEMBLES 
RCM and three CIRCE model runs. However, these analyses use projected changes 
in temperature which are generally more robust than precipitation changes. All the 
CIRCE models (and ENSEMBLES RCMs) agree in the direction of temperature 
change: an increase in both mean and high temperature extremes, although there is 
some uncertainty in terms of the magnitude of change (Sect.  5.2 ). 

 While the CIRCE models generally agree in projecting a decrease in mean annual 
precipitation across the case studies (Fig.  5.8 ), the uncertainties are greater at the 
seasonal scale (Part I, Chap. 3) and particularly with respect to extremes (see Fig.  5.9  
and discussion in Sect.  5.2 ). This is due, in part, to the higher inter-annual variability 
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of precipitation, but also to the higher spatial variability of precipitation and the 
 fi ner spatial scale of the underlying physical processes – particularly with respect to 
convective events. In order to properly model convection and the diurnal cycle, non-
hydrostatic mesoscale models must be run at resolutions in the order of 1–5 km in 
order to fully resolve cloud processes (Hohenegger et al.  2008  ) . 

 From the  albeit  rather limited analysis of precipitation extremes undertaken for 
the case studies, it is dif fi cult to make de fi nitive statements about the likely direction 
of change in the frequency and magnitude of heavy precipitation events. Some pre-
vious studies do, however, suggest increases in the intensity of heavy precipitation 
in all seasons, except summer over parts of the region, but with a decrease in other 
parts such as the Iberian Peninsula (Goubanova and Li  2007 ; Giorgi and Lionello 
 2008 ; Giannakopoulos et al.  2009  ) . These studies tend to focus on the end of the 
twenty- fi rst century when the signal of change is greater compared with the ‘noise’ 
of natural variability than in the earlier (2021–2050) period considered in CIRCE. 
Support for an increase in the intensity of heavy precipitation, even where mean 
total precipitation decreases, is provided by RCM sensitivity runs undertaken for 
CIRCE (Part I, Sect. 3.4.3). These explore the in fl uence of changes in temperature, 
speci fi c humidity and large-scale circulation and suggest an increase in the intensity 
of heavy precipitation throughout the year, with the exception of the southwest 
Mediterranean region where intensity is reduced in late spring and summer. Note 
that these sensitivity experiments only provide information for aggregated regions 
and hence no spatial detail. 

 Changes in precipitation extremes and their potential implications for changes in 
 fl ood risk were identi fi ed as relevant climate hazards for the urban case studies. 
Although some river fl ow modeling was undertaken in CIRCE (Sect.  5.3.2 ) and 
coupled river-routing is implemented in some of the CIRCE climate models (Part 
I, Sect. 3.1.3), modeling of urban  fl ood risk – which requires a mesoscale approach 
and detailed representation of the urban land surface and drainage systems – was 
not feasible within the project. Similarly, it was not possible to undertake mesoscale 
modeling of the urban heat island including detailed representation of the urban 
morphology. A number of RCM runs incorporating the urban surface and energy 
inputs in urban areas were, however, undertaken as part of the urban case study 
work in order to explore the sensitivity of the urban heat island to climate change 
(Box   4.1    ). Other mesoscale and microscale climatic in fl uences which could not be 
explored include the differences in north- and south-facing slopes and the strong 
precipitation gradient in the Judean Foothills. 

 The large inter-annual variability of precipitation makes it dif fi cult to identify statis-
tically signi fi cant trends in observed (Chap.   4    ) or simulated (Fig.  5.28 ) precipitation-
based climate indicators. For temperature, the observed trends and climate change 
signal are stronger. Figure  5.29  shows observed and simulated (ENEA and IPSLglo 
models) mean annual maximum and minimum temperature for the urban case 
studies – in this case, as anomalies from the 1961–1990 baseline in order to correct 
for the model biases (Fig.  5.27 ). In general, the projected changes appear as an 
extension of the observed positive trends. In some cases, most notably for Athens 
maximum temperature, the projected changes do not extend much beyond the upper 

http://dx.doi.org/10.1007/978-94-007-5769-1
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range of the observations. The in fl uence of the hot summer of 2007 is evident in the 
2007 observed Tmax value for Athens which appears as an outlier with respect 
to the observed series but falls centrally within the model range by 2050 (see also 
Box  5.1 ). Similar features are seen in the case of temperature extremes – very hot 
days and very hot nights (Fig.  5.30 ), although the inter-annual variability is greater 
and the upper range of the observations is not exceeded very frequently in the future. 
In the case of Beirut very hot nights, this is most likely a re fl ection of problems with 
the observed data which appears to be inhomogeneous after about 1980.   

 As part of the uncertainty assessment of the CIRCE climate models, mean 
seasonal responses were compared with those of the ENSEMBLES projections 
(Part I, Sect. 3.5.3). Probability distribution functions (pdf) were constructed from 

  Fig. 5.29    Time series of anomalies (with respect to 1961–1990) in mean annual maximum ( left ) 
and minimum ( right ) temperature (°C) for the urban case studies from observations ( black ) and the 
ENEA ( red ) and IPSLglo ( green ) CIRCE models. The models run from 1950 to 2050       
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CIRCE output for six Mediterranean cities including Athens, Tunis and Cairo which 
are the cities most relevant to the case studies. The pdfs of temperature change are 
generally centered on about +1 to +1.5°C and are somewhat skewed to the right, 
with tails extending out to about +5°C (Part I, Fig. 3.27). The pdf of precipitation 
change for Cairo is centered on zero, and those for Athens and Tunis just to the left 
of zero. All appear fairly Gaussian in shape. Care is needed in comparing the larger 
ENSEMBLES and smaller CIRCE ensembles, but it is concluded that introducing 
atmosphere–ocean coupling in CIRCE has increased the spread of the model 
responses (Part I, Sect. 3.6). It is also concluded that the CIRCE models have larger 
systematic errors compared with the ENSEMBLES RCMs. This is attributed to the 
fact that regional coupled models are a very recent numerical tool. 

 One source of uncertainty not addressed by either the CIRCE coupled model or 
ENSEMBLES uncoupled RCM ensembles is the choice of emissions scenario: both 
ensembles are based on SRES A1B. At least for mean temperature, the choice of 
emissions scenario is less important than model-related uncertainty until the second 
part of the twenty- fi rst century (Hawkins and Sutton  2009  )  and thus is less of a 
concern with respect to the 2021–2050 scenario period used in CIRCE. While this 
conclusion with respect to the balance of uncertainty is certainly applicable to 
the choice of SRES scenario, it might not be applicable if aggressive mitigation 
scenarios were also considered. The ENSEMBLES project, for example, constructed 
the E1 mitigation scenario in which atmospheric concentrations of greenhouse gases 
are stabilized at 450 ppm CO 

2
 -equivalent (van der Linden and Mitchell  2009  ) . 

E1 was constructed using a reverse-engineered approach which has also been used 
to develop Representative Concentration Pathways (Moss et al.  2010  )  in advance of 
the IPCC Fifth Assessment Report. The CIRCE focus on a non-mitigation emissions 
scenario allows assessment of the impacts and damages which could be avoided 
through mitigation and also of the future climate that would need to be adapted to in 
the absence of mitigation. 

 The uncertainties in emissions and their conversion to concentrations of radiatively 
active species and radiative forcing lie ‘upstream’ of the climate model uncertainties 
in the overall cascade of uncertainty (Part I, Fig. 3.22). In the context of the CIRCE 
case-study integrated assessments, there are also uncertainties ‘downstream’ of climate 
modeling and the construction of climate change projections. Some of these 
are discussed below. In addition, there are uncertainties associated with all socio-
economic projections used in the case studies – such as population projections 
(Sect.  5.3.4.2 ). 

 The quantitative impacts assessments undertaken for the CIRCE case studies, 
with the main exception of crop yield modeling in Tuscany and Syria, are gener-
ally based on statistical rather than process-based modeling. Such models are 
dependent on the reliability of the predictor (climate) data as well as that of the 
predictand (biogeophysical and socioeconomic) data. Most of the statistical 
models (such as those discussed in Sect.  5.3.3 ) are linear. Thus questions arise as 
to whether the linear statistical relationships identi fi ed for the present day can be 
extrapolated into the future (the assumption of stationarity). In part, this depends 
on the projected magnitude of change in predictor variable(s), so extrapolation 
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may be less of an issue for the near-future period considered in CIRCE compared 
with the end of the century. It is noted above, for example, that the projected 
changes in mean and extreme temperature for the urban case studies do not 
exceed the absolute upper range of observed values very frequently (Figs.  5.29  
and  5.30 ). It may be reasonable to assume linearity and stationarity given certain 
underlying assumptions in the model – which should be made clear to users. 
In the case of the energy demand model for Athens, for example, it is explicitly 
assumed that technology use is the same in the control and future periods 
(Sect.  5.3.3.1 ). Thus no allowance is made for the potential drive towards a more 
energy ef fi cient economy or for other socioeconomically-driven trends. A somewhat 
different approach is taken in the Athens health risk work, where an adaptation 
or acclimatization factor of 1°C per decade is used in an attempt to account for 
behavioral and physiological changes. 

 The case-studies impacts modeling work is focused on the direct effects of climate 
change rather than on indirect effects and feedbacks. This is, in part, a re fl ection 
of the statistical nature of the models used. In the case of the  fi re risk modeling, 
for example, no account is taken of potential changes in biomass. Lower biomass 

  Fig. 5.30    Time series of anomalies (with respect to 1961–1990) in the number of very hot days 
( left ) and very hot nights ( right ) for the urban case studies from observations ( black ) and the ENEA 
( red ) and IPSLglo ( green ) CIRCE models. The models run from 1950 to 2050       
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is projected for some Mediterranean regions, particularly the south and east, as a 
result of climate change (Sect.  5.3.2.2 ) and this could lower  fi re risk in some 
regions. In the case of the projected socioeconomic losses for the tourism industry 
in the Gulf of Gabès (Fig.  5.23 ), these are based only on the direct effects of tem-
perature on tourist attractiveness. Other impacts of climate change which may also 
affect the perceptions of tourists, such as beach erosion and loss and water avail-
ability, are not re fl ected in the underlying Daily Climate Tourism Potential Index 
(Sect.  5.3.3.2 ). Nor are potential drivers from outside the case-study region consid-
ered (Sect.   6.4.1    ). 

 Non-climatic in fl uences can be quite dif fi cult to handle in the case-study assess-
ments. They may account for the problems experienced in identifying statistically 
signi fi cant relationships between climate indicators and statistics of wine, wheat 
and olive oil production for the Apulia case study. A marginally positive correlation 
was found between summer precipitation and olive oil production, together with 
weak negative correlations for winter and summer minimum temperature. Wheat 
production has only weakly positive correlations with summer minimum and 
maximum temperature and negative correlations with winter and spring precipita-
tion. A negative correlation was found between total wine production and summer 
and winter maximum temperature, together with a positive correlation for total 
economic value. 

 For crop yield, some of the potential problems can be overcome by careful choice 
of indicator (though this may be restricted by the data available). Yield per hectare, 
for example, is a better climate-related indicator than total yield for a region: the 
latter depends on the area planted and is more likely to be in fl uenced by national 
and European agricultural policy. In the longer-term, however, observed yield 
per hectare may be affected by changes in factors such as sown variety and use of 
irrigation and fertilizer. Thus there may be a trade-off between calibrating models 
over shorter periods (which are less likely to be in fl uenced by non-climatic factors) 
or over longer periods (in order to capture climate variability and avoid over fi tting). 
In many cases, however, the analyses that can be performed are limited by the length 
of data available. For the Apulia case-study, for example, only 20 years (1980–2000) 
of agricultural data were typically available. 

 Uncertainties due to the limited spatial scale of the climate projections are noted 
above – particularly in the context of the urban case studies. Ideally, impacts and 
vulnerability indicators would also be considered at high spatial resolutions. In 
terms of the health implications of high ozone days, for example, the distribution 
of vulnerable groups (the young and elderly, those with pre-existing conditions, 
outdoor workers) may vary spatially across the city and particular ‘hot spots’ of 
pollution may occur, for example downwind of industrial areas. 

 Thus there are uncertainties inherent to all stages of the CIRCE case-studies 
integrated assessments. The uncertainties in the climate projections are perhaps the 
easiest to quantify and to demonstrate to stakeholders. Nonetheless, it is important 
to consider all aspects of uncertainty in the context of adaptation decision making – 
which is the focus of the next chapter.      

http://dx.doi.org/10.1007/978-94-007-5769-1
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