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  Abstract   A set of physical and social indicators relevant to each Mediterranean 
case study has been developed within the context of the CIRCE case studies integrating 
framework. This framework approach provides a systematic means of structuring 
indicator selection and helps to provide a scienti fi c basis for the assessment of 
climate-related impacts and vulnerability. A detailed set of criteria was developed 
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to select and re fi ne indicators through an iterative process of review and consultation. 
Indicators represent key issues related to climate variability and change for each of 
the case-study locations. Seven key indicator themes are identi fi ed: climate and 
atmosphere; marine and coastal systems; terrestrial ecosystems and biodiversity; 
freshwater systems; agriculture and forestry; human health and well being; and, the 
economy. A number of core indicators are common to all case studies (for identifying 
common/disparate trends), others are common across generic case studies (urban, 
rural, coastal), and some are case-study speci fi c. Data and methodological challenges 
in the indicator assessment included: data availability and quality limitations; 
distinguishing impacts from vulnerabilities, and climate from non-climate in fl uences; 
and, identifying thresholds and coping ranges. Despite these dif fi culties, the selected 
set of indicators proved a useful and accessible tool for monitoring trends and portraying 
key information to regional stakeholders.  

  Keywords   Climate change  •  Mediterranean  •  Indicators  •  Impacts  •  Integrated 
assessment      

    H.   El-Askary  
     School of Earth and Environmental Sciences,  Schmid College of Science and Technology , 
 Chapman University ,   Orange ,  CA ,  USA   

   Department of Environmental Sciences, Faculty of Science ,
 Alexandria University ,   Alexandria ,  Egypt     

    M.   El-Fadel  
     Faculty of Engineering and Architecture ,  American University of Beirut ,
  Beirut ,  Lebanon     

    M.   El-Raey  
     University of Alexandria ,   Alexandria ,  Egypt     

    J.  M.   Grünzweig   •     D.   Kanas  
     Institute of Plant Sciences and Genetics in Agriculture, 
The Robert H. Smith Faculty of Agriculture, Food and Environment ,
 The Hebrew University of Jerusalem,    Jerusalem ,  Israel     

    P.   Lionello  
     Centro Euro Mediterraneo per i Cambiamenti Climatici, CMCC ,   Lecce ,  Italy   

   Department of Material Science ,  University of Salento ,   Lecce ,  Italy     

    T.   Oweis  
     International Center for Agricultural Research in the Dry Areas, ICARDA ,   Aleppo ,  Syria     

    C.   Pino   •     A.   Tanzarella  
     Department of Material Science ,  University of Salento ,   Lecce ,  Italy     

    A.   Sánchez-Arcilla  
     Laboratori d’Enginyeria Marìtima (LIM/UPC) ,  Universitat Politécnica de Catalunya, 
    Barcelona ,  Spain     

    S.   Sahabi   Abed   •     M.   Senouci   •     M.  Z.   Taleb  
     Association Recherche Climat et Environnement – ARCE ,   Oran ,  Algeria    



413 Physical and Socio-economic Indicators

    3.1   Introduction 

 Indicators provide a signal representing a complex message from potentially 
multiple sources in a rather simpli fi ed manner (e.g., OECD  1993,   2008 ; Hammond 
et al.  1995 ; EEA-JRC-WHO  2008 ; Esty et al.  2005  ) . As such, they are a potentially 
useful and accessible monitoring tool for assessing trends and for portraying key 
information to policy and decision makers (Hák et al.  2007  ) . In particular, projected 
changes in extreme climate indices are indicative of future changes in climate 
extremes (Peterson and Manton  2008  ) . The CIRCE Mediterranean case-study 
indicators allow trends in a phenomenon to be identi fi ed at a regional or local scale, 
in this case as a response to changes in emissions of greenhouse gases, climate 
variability and change. 

 A set of indicators relevant to each case study has been developed within the con-
text of the CIRCE Case studies Integrating Framework – CCIF (Sect.   1.3    ). The con-
ceptual framework approach is recommended as a means of systematically structuring 
indicator selection and helping to provide a scienti fi c basis (Niemeijer and de Groot 
 2008  ) . Some of the indicators represent links between several nodes (the points of 
intersection that represent key variables used to make a decision) and between physi-
cal and social systems. For example, water resource indicators combine cross-sector 
information and are a particularly important indicator in semi-arid regions of the 
Mediterranean for resource management. Indicators are not combined to produce 
composite scores but are used to isolate and understand more clearly speci fi c areas of 
impact and vulnerability. Some of the indicators are case-study speci fi c (Sect.  3.3.2 ), 
some indicators are common across generic case studies (urban, rural, and coastal), 
and some core indicators are common to all case studies (Sect.  3.3.1 ) and provide a 
means of identifying common/disparate trends for sub-groups of case studies. 

 Building on the literature and local knowledge, key issues related to climate 
variability and change were identi fi ed for each of the 11 case-study areas using the 
structure of the CCIF. In addition, the key processes or activities (environmental and 
social) shaping vulnerability within the region or city, and their interrelationships 
were distinguished. An initial assessment of available datasets relevant to the case-
study regions was undertaken in consultation with the wider project partners 
and regional stakeholders. Subsequently, the raw data for indicators were assessed 
for homogeneity, quality and credentials. 

 Physical and socio-economic case-study indicators have been identi fi ed for seven 
key themes: Climate and atmosphere; Marine and coastal systems; Terrestrial 
ecosystems and biodiversity; Freshwater systems; Agriculture and forestry; Human 
health and well being, and the Economy (Table  3.1 ). In addition, these individual 
themes are grouped into three broad categories: climate system indicators, biogeo-
physical system indicators, and social system indicators, as illustrated in the CCIF. 
The identi fi cation of indicator themes facilitates sector-based end-user research. 
This dual purpose approach to the presentation of Mediterranean indicators (i.e., by 
sector and by case study) was also applied in the dissemination of results (Sect.  3.2.5 ) 
through a series of structured thematic information sheets and web pages (  http://
www.cru.uea.ac.uk/projects/circe/    ).   

http://dx.doi.org/10.1007/978-94-007-5769-1_1
http://www.cru.uea.ac.uk/projects/circe/
http://www.cru.uea.ac.uk/projects/circe/
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    3.2   Methodology 

    3.2.1   Selection Criteria 

 The broad terms of reference for the integrating case-study indicators were that they 
should be appropriate to the Mediterranean (in terms of climate variability and 
change, and vulnerability); and able to be constructed relatively easily using reliable 
and appropriate data sets for the present-day and the future, and where appropriate 
drawing on outputs from other CIRCE research lines. A detailed set of criteria, 
adopted from Erhard et al.  (  2002  ) , and grounded within the context of the CCIF was 
developed for case-study indicator selection:

   Is the indicator sensitive to climate change (are there changes/trends in the indi-• 
cators that have a demonstrable association with climate variability and change)?  
  Is the indicator relevant to and representative of the Mediterranean case-study • 
region?  
  Is the indicator relevant to the scope of the proposed climate change impacts • 
adaptation and vulnerability case-study assessment?  
  Is the length of the data time series (upon which the indicator is based) suf fi cient • 
to capture the response to climate change?  
  Does the data have adequate spatial resolution? The desired resolution is regional • 
or sub-regional for the rural and coastal case-studies, and city-wide or district for 
the urban case studies.  
  Is the indicator relevant to policy makers and stakeholders?  • 
  Does the indicator have resonance – is it accessible and readily understood and • 
interpreted by decision-makers and stakeholders?  
  Quality of the data: is it well-founded with acceptable credentials?  • 
  Data homogeneity: is there a change in de fi nition or methodology for measuring • 
or collecting the data over time?  
  Is the raw data updated at regular intervals of time?  • 
  Is the indicator suitable for incorporation into a numerical integrated impact • 
assessment model?    

 In practice, the availability of data relevant to the regional case studies was a 
major de fi ning criterion, and in some circumstances, due to necessity, the selection 

   Table 3.1    Organization of the CIRCE case-study indicators   

 System drivers  Indicator themes 

 Climate system indicators  1. Climate and atmosphere 
 Biogeophysical system indicators  2. Marine and coastal systems 

 3. Terrestrial ecosystems and biodiversity 
 4. Freshwater systems 
 5. Agriculture and forestry 

 Social system indicators  6. Human health and well being 
 7. The Economy 
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criteria were relaxed and indicators were presented with caveats (see Sect.  3.2.4 ). 
For example, although the length of the data series was, in the case of marine data, 
insuf fi cient to retrieve long-term trends, this information was considered alongside 
wider datasets. Data of suf fi cient length and continuity were not always available 
for the speci fi c vulnerability issues identi fi ed (e.g., water use by sector) but what 
data were available were considered together with local knowledge and informa-
tion. For some case studies, data homogeneity could not always be con fi rmed due 
to extenuating local circumstances (e.g., in the case of observed climate in Beirut 
where monitoring has been hampered by civil unrest). In this particular case, indica-
tors were developed using available station data and compared to observed gridded 
data available for a wider area.  

    3.2.2   Reviewing and Re fi ning Indicators 

 The process of systematically selecting the  fi nal set of indicators involved several 
iterations of review and consultation. Indicators were chosen from the revised 
indicator pool according to the degree of relevance to the particular case-study 
location and the availability of appropriate data. In addition, a smaller set of core 
indicators were selected that are common to (i) each of the generic case studies and 
to (ii) all case studies. Through this process, the overall objective was to build a 
structured set of case-study speci fi c indicators applying formal selection criteria, 
grounded in a conceptual framework that allows vulnerability to climate variability 
and change to be assessed at a regional/local level, across generic case-study sites 
and within the context of the wider Mediterranean area. In practice, the process was 
highly constrained by data availability and project resources (in particular, time). 

 Indicators were calculated from observed or modeled case-study data, initially 
for past and present periods to identify any observed trends in climate and assess 
present-day climate vulnerability and impacts. Subsequently where model data 
were available (i.e., climate and marine, and a smaller number of biogeophysical 
and social indicators), indicators were constructed for future time periods.  

    3.2.3   Assessment for Trend, Thresholds and Coping Range 

 Indicators were assessed for changes and trends over time where data (quality and 
series length) permitted. Thus for the observed climate and marine data, anomalies 
from the long-term average (1971–2000) were computed and linear (regression) 
trends were assessed for statistical signi fi cance (using the Mann-Kendall test). 
Where long-term trends where present they were expressed as a unit change in 
measurement (positive or negative) per decade. Rates of climate change are particu-
larly important in terms of the environmental and social response. Con fi dence in the 
trend was assessed using the derived likelihood value categorized according to IPCC 
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2007 terminology, ‘virtually certain’, ‘extremely likely’, etc. (Risbey and Kandlikar 
 2007  ) . Biogeophysical and social indicators were handled somewhat differently to 
climate indicators. Change and trends over time, for example, were only assessed 
where there was a suf fi cient quantity (and consistent quality) of long-term data. 
In cases of data monitoring infrequency, values of the indicator at two or more 
points in time were compared, as for environmental monitoring of waste water 
discharge in the Bay of Oran (Table   4.5    ) and land cover surveys in Tuscany. 

 Long-term changes in the indicators are not always linear; some are strongly 
non linear (see Sect.  3.5.2  for further information). In addition, a number of the 
indicators show a change in the rate of increase in recent decades. For example, 
many of the temperature indicators show a faster rate of increase from the 1970s 
onwards (e.g., maximum temperature in Athens, Beirut, the Gulf of Oran, the Gulf 
of Gabès, and the Judean Foothills). This acceleration in the rate of warming for 
‘hot’ extremes is observed in independent data sets and can be considered quite 
robust (Part I, Sect   . 2.3.2). 

 A threshold is the point at which further stress (e.g., continued warming) will 
produce a non-linear response in an exposed biogeophysical or social system or 
activity.  Systemic  thresholds (e.g., the plant wilting point during drought) can be 
de fi ned objectively and have particular utility in assessing change.  Impact  thresholds 
identify the point at which a climate impact is regarded as ‘unacceptable’ (Kenny 
et al.  2000 ; Jones  2001  ) , are used to assess risk and are subjective and commonly 
value-laden (Carter et al.  2007  ) . Thresholds in climate impact response have been 
identi fi ed from case-study data, literature, or through stakeholder consultation. 
However, they are viewed in a differing sense among the case-studies. For example, 
they tend to be viewed as the point of system collapse by the coastal case studies 
(breach of coastal defenses); whereas in other case studies they are viewed as the 
point at which a signi fi cant impact is experienced. For example, in the case of energy 
consumption in Athens, the threshold is the thermal conditions for which space 
heating or cooling is required (Fig.   4.3    ). While thresholds are readily identi fi able for 
some indicators, they are not so apparent in others. For example in the Judean 
Foothills, a positive linear association is shown between the stem volume of Aleppo 
pine and mean annual rainfall sampled along a moisture gradient (Sect.   4.3.3    ; 
Fig.   4.8    ). Although there are insuf fi cient observed data for threshold detection, there 
are present-day drier analogue locations where pine is not recorded, providing evi-
dence of a lower rainfall threshold below which pine growth is not sustained. In the 
Judean Foothills, the threshold for growth of Aleppo pine planted on hill slopes is 
around 200 mm of mean annual precipitation for a substrate with rocky outcrops 
and is approximately 250 mm for loess conditions without outcrops. For successful 
recruitment of new trees in sustainable pine forests, higher amounts of rain of around 
350 mm are required. 

 Lower and upper thresholds for an impacted system or activity (represented 
by the chosen indicators) de fi ne the coping range for which variations in climatic 
conditions can be accommodated (Smith et al.  2001 ; Carter et al.  2007  ) . The coping 
range is viewed as a dynamic phenomenon that can be both constrained and 
extended through a complex system of pressure and adaptive mechanisms in physical 

http://dx.doi.org/10.1007/978-94-007-5769-1_4
http://dx.doi.org/10.1007/978-94-007-5769-1_4
http://dx.doi.org/10.1007/978-94-007-5769-1_4
http://dx.doi.org/10.1007/978-94-007-5769-1_4
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and social dimensions (Füssel  2007  ) . The CIRCE case-studies have identi fi ed 
socio-environmental factors which may expand the coping range (such as an 
increase in coastal protection and management, supplemental irrigation, heat wave 
early warning systems) or narrow the coping range (such as environmental degra-
dation, and increasing pressures of population growth). It is suggested that behav-
ioral adaptation measures such as improved hygiene and sanitation could limit or 
reverse projected future adverse disease outcomes in some case studies, such as 
Beirut, and increase human health resilience (see Sect.   6.3.2.2    ). 

 An analysis of past extreme climate events serves as a useful indication of the 
potential impacts of future climate change and an opportunity to learn from previous 
adaptive strategies and coping mechanisms. The Athens urban case study, for example, 
assessed the impacts of the exceptionally hot and dry summer of 2007 on  fi re 
occurrence and social well being (Box   5.1    ). In Tuscany, the year 2003 was notably 
the driest and warmest year recorded in the past 30 years. Several negative impacts 
were recorded for the region, the lowest mean annual wheat yield, the greatest 
negative water balance (ranging from −200 to −500 mm; Fig.  3.2 ), and the highest 
peaks in forest  fi re events (1,036  fi re events covering 4,130 ha; Fig.  3.3 ) and water 
consumption for agriculture (Fig.  3.9 ). In the Judean Foothills, the 1998–2000 
drought caused widespread mortality in planted forests, with up to 20% of the forest 
area affected (JNF  2002  ) . Tree mortality varied according to tree species and stand 
characteristics, such as density, age and geophysical properties.  

    3.2.4   Data and Methodological Challenges 

 The selected set of indicators (discussed further in Chap.   4    , and included in 
Appendix   2    ) represents a complex interacting set of processes operating on a 
variety of temporal and spatial scales. Using contextual information from literature, 
stakeholder dialogue and the structure of the conceptual framework, the research 
teams sought to identify the most pertinent issues for each case study in relation to 
current and future climate states. However, limitations and weaknesses in the data 
and methodology exist, and the real-world complexities cannot be fully captured by 
a restricted set of indicators. 

 It has been dif fi cult to achieve a truly balanced set of indicators for each case 
study and across the three main systems (climate, biogeophysical, social) due to 
limitations in the availability of data of suf fi cient quality and length at the appropriate 
scale of measurement. As a result, the state and nature of knowledge varies across 
the physical and social domains, and between individual case studies. It is therefore 
possible that there is a key characteristic of vulnerability that has not been recog-
nized due to absence of information. 

 For some case-study locations such as Beirut, particular data quality issues have 
arisen due to periods of civil unrest during which data are either unavailable or of 
insuf fi cient or uncertain quality. For some regions, there is a shortage of structured 
environmental monitoring, such as in Alexandria and the West Nile region, the Gulf 

http://dx.doi.org/10.1007/978-94-007-5769-1_6
http://dx.doi.org/10.1007/978-94-007-5769-1_5
http://dx.doi.org/10.1007/978-94-007-5769-1_4
http://dx.doi.org/10.1007/978-94-007-5769-1_BM1
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of Oran, Beirut, and Tel Hadya. In other regions, environmental monitoring 
programs have been established but the length of time for which data are available 
is too short to allow identi fi cation of long-term trends and characterization of the 
response to climate variability and change. This is particularly true with respect to 
marine data (such as signi fi cant wave height, relative sea level, and storm surges) 
for the coastal case-study regions. The relative sea-level series for Sfax Harbour, 
Tunisia, for example, covers only 9 years (the most complete in the area), however, 
the estimated decadal rate of increase of 2.6 cm/decade is close to the rate of 2.1 cm/
decade calculated for the Mediterranean basin for the longer period 1992–2005 and 
based on altimetry data (Criado-Aldeanueva et al.  2008  ) . 

 A particular methodological challenge is in combining and using indicators 
derived from both quantitative and qualitative data. This issue is most apparent 
in, but not limited to, interactions between environmental and social dimensions. 
More qualitative or survey data is common with respect to vulnerability assess-
ments of terrestrial and marine ecosystems within the Mediterranean case studies. 
In the Judean Foothills, for example, survey presence/absence data were used 
to describe the range of vegetation types along a rainfall gradient (Table  3.2 ), and 
were combined with more quantitative information on the stem volume of Aleppo 
pine (Fig.   4.8    ).  

 The distinction between impact indicators and vulnerability indicators is not 
always clear in the case studies. For example, saline intrusion is a particular issue of 
concern in the West Nile Delta, and may be considered as a response to climate-
induced sea-level rise and an impact indicator in its own right. However, freshwater 
availability is also a concern in the region and is vulnerable to higher temperatures, 
lower rainfall, drought, and salinization. Therefore in this context, saline intrusion 
represents an indicator of vulnerability. 

 There are also issues of scale (temporal and spatial) which add to the complexity 
and challenges of the integrated case-study assessment. For example, indicator 
data are available at a variety of spatial scales (station observations, gridded data, 
administrative regions, and areas de fi ned by land use such as forest plantations) and 
temporal scales (e.g., annual, monthly, daily, hourly). For each case-study, the most 

   Table 3.2    Changes in the diversity of vegetation types (‘+’ present; ‘−’ absent) in natural ecosystems 
with changes in mean annual precipitation   

 Vegetation type 

 Mean annual precipitation (mm) 

 300  402  411  481 

 Annual herbaceous land  +  −  +  − 
 Perennial herbaceous land  +  +  +  − 
 Dwarf shrubland, dwarf shrubland-savanna  +  +  +  + 
 Shrubland  −  +  +  + 
 Open forest, parkland  −  +  +  + 
 Maquis  −  −  +  + 

  Data source: summarized from Nir Herr (personal communication, 2010)    
 Categories of vegetation types are a generalization of the more detailed vegetation classes developed 
by the JNF-KKL  

http://dx.doi.org/10.1007/978-94-007-5769-1_4
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appropriate means of linking different scales was sought. In the case of the Gulf of 
Gabès and West Nile Delta case studies, a Geographic Information System (GIS) 
was found to be a useful means of representing and overlying spatially referenced 
layers of data (e.g., Fig.   2.2    ). 

 Within the same case study, some of the impact indicators provide statistical 
evidence of association between climate system drivers and the physical and social 
dimensions; while other linkages are explored and discussed in a more qualitative 
sense. Although the integrated assessment of vulnerability is rather limited in 
predictive capacity because some dimensions are less clearly de fi ned (in a statistical 
sense), the interpretative and instructive value is the greater strength. For example 
in the Tuscany rural case study, a statistically signi fi cant negative association was 
found between wheat yield and mean annual temperature ( r  = −0.77;  p  < 0.01), 
and a positive association with total annual precipitation although weaker and 
not statistically signi fi cant ( r  = +0.47;  p  < 0.1). In contrast, although there is limited 
information on water availability in Tuscany (Fig.  3.9 ), annual water consumption 
by the agricultural sector is available for the years 2000–2008, and the highest peak 
in consumption occurred in the year 2003 (one of the driest years on record) when 
agriculture consumption reached 180 million m 3 . During the same year, a water 
de fi cit was recorded commensurate with a fall in mean annual wheat yield (Fig.  3.2 ). 
Although available data on water consumption were not suf fi cient to build statistical 
models, the information provided deeper insight into regional aspects of climate 
vulnerability. 

 Issues relating to indicator data and methodological challenges are discussed 
further in the context of assessment uncertainties in Sect.   5.4    . Many of the research 
gaps and needs identi fi ed in Sect.   6.6     also relate to these issues.  

    3.2.5   Methods of Presentation 

 The  fi rst two series of thematic information sheets (accessible from each of the 
case-study home pages,   http://www.cru.uea.ac.uk/projects/circe/index.html    ) were 
created around key sets of indicators for each case study. The  fi rst series of informa-
tion sheets was focused on observed climate and marine indicators, and the second 
series focused on indicators representing key aspects of current biogeophysical 
and social vulnerability in the case studies. These information sheets were targeted 
at the user-community and attempted to communicate key indicator messages 
using a clear and accessible format. Each indicator was presented using a common 
structure, a  fi gure (showing spatial or temporal trends in the indicator) and textual 
information given under a three-fold set of sub-headings: ‘What is it?’, ‘What does 
it show?’ and ‘Why is it important?’ Overview observed climate information 
sheets were also provided covering the generic urban, rural, and coastal case-
studies. These sheets highlight cross-study similarities and dissimilarities for each 
of the groups of generic case studies. 

http://dx.doi.org/10.1007/978-94-007-5769-1_2
http://dx.doi.org/10.1007/978-94-007-5769-1_5
http://dx.doi.org/10.1007/978-94-007-5769-1_6
http://www.cru.uea.ac.uk/projects/circe/index.html
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 Visually, indicators were presented as (i) time series plots, and typically for the 
climate indicators, as anomalies from the long-term trend (e.g., summer maximum 
temperature in Beirut, Fig.  3.1 ); (ii) spatial plots which show regional variation in 
trends in, for example, evapotranspiration in Tuscany (Fig.  3.2 ); (iii) combination 
spatial – temporal plots, as for the time series representing the number of Tuscan 
 fi res/area burnt presented with an inset plot showing the distribution of area burnt 
by Tuscan administrative municipality (Fig.  3.3 ); and (iv) pie-charts or bar charts 
used to portray changes in the percentage composition of, for example, land use, 
vegetation type, or water consumption.     

    3.2.6   Integrated Vulnerability Assessment 

 For each case-study, potential indicators were mapped using a schematic  fl ow 
diagram based on the CCIF framework. Figure  3.4  shows an example for the Judean 
Foothills. The indicators are broadly organized in the diagram to represent climate 
(blue), biogeophysical (green) and socio-economic (orange) systems. The Judean 
Foothills case-study location straddles a steep rainfall gradient between an annual 
total of 300 mm in the semi-arid south to 550 mm in the dry sub-humid north. The 
rural economy is largely dependent on agriculture, for which water resources and 
availability are the main limiting factors. Potential impact pathways are direct 
through physiological processes and indirect via the effects on water resources. The 
key climate hazards are the frequency and intensity of extreme events such as 
drought and heat stress. Biological activity in natural ecosystems alters in response 
to moisture changes at all levels, from leaf-scale photosynthesis to plant growth 
(Fig.   4.10    ), to landscape-scale vegetation composition (Table  3.2 ) and carbon 
sequestration. These climate-driven changes in ecosystems are expected to signi fi  cantly 
affect forestry (e.g., pine stem volume) and agriculture (e.g., rain-fed wheat yields), 
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tourism (e.g., visits to national parks) and the wider rural economy, and may ulti-
mately in fl uence policy response.  

 For the Oran case study, work focused on building a common framework which 
included a set of quantitative indicators, such as population dynamics, urbanization, 
urban land use, surface temperature and carbon uptake, for developing vulnerability 
indices for the Mediterranean basin. The interactive stakeholder approach adopted 
in this case study constituted an important step towards the development of a more 
comprehensive integrating framework applicable to all Mediterranean coastal 
regions for assessing future climate scenarios and their cross-sector impacts in these 
fragile coastal zones. 

 The Mediterranean case-studies approach views the integrated assessment as a 
conceptual framework comprising key indicators representing driver, nodes and 
interactions within the environmental-social-economic system. It is not a computer 
simulation model. The case-study indicator linkages diagram (e.g., Fig.  3.4 ) proved 
a useful preparatory stage for structuring the assessment, and is viewed and used as 
an important research tool for raising scienti fi c questions. It also proved a valuable 

  Fig. 3.3    Administrative municipalities most affected ( deepest red ) in terms of total area burnt ( left ). 
Fire Weather Index ( red line ) and number of summer  fi re events ( blue bars ) from 1984 to 2005 
( right ) (Source: Moriondo et al.  2006 , Administrative Region of Tuscany, Wild Fire Service)       

  Fig. 3.2    Annual evapotranspiration (mm/year) in Tuscany for the years 1999 (average precipitation), 
2003 (dry year), 2008 (wet year) (Source: Interdepartmental Centre of Bioclimatology, University 
of Florence, data processed by Dr. Marco Napoli)       
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visual communication tool for discussing issues of vulnerability and adaptation 
with regional stakeholders, allowing identi fi cation of critical types and sources of 
information uncertainty (Sect.   5.4    ) and knowledge gaps (Sect.   6.6    ). Within this 
approach, the description of cross-sector linkages and interactions and feedbacks 
between climate and non-climate drivers has the  fl exibility to include both quantita-
tive and more qualitative information.   

  Fig. 3.4    Indicator linkages for the Judean Foothills. The  blue box  denotes key climate 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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    3.3   Climate and Atmosphere Indicators 

 Variability and change in the climate and atmosphere are viewed as fundamental drivers 
of the dynamics in biogeophysical and social systems (CCIF, Chap.   1    , Fig.   1.2    ). 
Therefore, the climate and atmosphere indicators (Appendix   2    ) form the basis of the 
integrated assessments of climate change impacts, adaptation and vulnerability in the 
Mediterranean case studies, and the subject of the  fi rst set of information sheets 
(Sect.  3.2.5 ). The climate indicators are sub-grouped into (i) core climate indicators, 
and (ii) case-study speci fi c climate indicators. 

    3.3.1   Core Climate Indicators 

 The core climate indicators are relevant to all case-study locations and comprise:

    1.    Maximum temperature for a key season appropriate to the case study, and  
    2.    Precipitation for a key season appropriate to the case study.     

 Climate indicators are expressed as anomalies, the deviation from a common baseline 
period (1971–2000 in the case of observations) where the instrumental record is 
suf fi ciently long – as in the example of maximum summer temperature for Beirut 
(Fig.  3.1 ; see also Figs.   4.4     and   4.5    ). In other examples, the absolute values are used 
such as mean growing season temperatures for Tel Hadya (Fig.  3.5 ).  

 Climate indicators were also derived for a common future period (2021–2050) 
using daily climate model output for a number of  fi elds including: total precipitation, 
temperature (mean, maximum and minimum), net surface solar radiation, relative 

  Fig. 3.5    Mean growing season (October to June) daily maximum, minimum and mean tempera-
ture (°C) for Tel Hadya, Aleppo-Syria, for the period 1978/1979–2006/2007       
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humidity, maximum wind speed, total cloud cover, surface evaporation, sea surface 
temperature, sea level, and daily sea-surface salinity. Climate model data were derived 
from another CIRCE research line (details are given in Part I, Chap. 3) and are discussed 
in the context of the case studies in Sect.   5.2    . Six climate scenario simulations for 
the Mediterranean region and the A1B emissions scenario were performed using 
a range of coupled atmosphere–ocean models at spatial resolutions of up to 30 km 
for the atmospheric models. All future changes are expressed relative to the scenario 
baseline period of 1961–1990 (used across the CIRCE project) in order to 
minimize effects of model bias (Sect.   5.4    ). Examples of indicators constructed 
for the case studies using future climate projections are presented in Chap.   5    .  

    3.3.2   Additional Case-Study Speci fi c Climate Indicators 

 Additional climate and atmosphere indicators were selected for each case study 
according to the speci fi c issues of relevance. These case-study speci fi c indicators 
included other aspects of average climate such as minimum and mean temperature, 
and climate extremes such as hot days (Fig.   4.4    ), hot nights, heat wave duration 
index, drought indices (e.g., standardized precipitation index, self-calibrated Palmer 
Drought Severity Index), greatest 3-day rainfall, the tourism season (expressed as 
the length in days based on thermal considerations), and the aerosol optical depth 
(AOD). AOD is a measure of the opaqueness of air and an indicator of the relative 
amount of aerosols suspended in the atmosphere (Fig.  3.6 ).  

 The urban case studies (Sect.   4.2.2    ) have generally been concerned with aspects 
of climate related to heat stress and heat waves (relevant to human health and energy 
consumption), and precipitation extremes, such as intense rainfall associated 
with  fl ash  fl oods in urban areas, and periods of drought increasing the risk of 
peri-urban forest  fi res. The rural case studies (Sect.   4.3.2    ) have selected climate 
indicators relevant to crop yields and natural ecosystems (drought indices, heat 
stress, and seasonal rainfall), while the coastal case studies (Sect.   4.4.2    ) have chosen 
climate indicators re fl ecting important coastal zone sensitivities (e.g., a temperature-
de fi ned tourist season, hot days, and wave storm frequency).   

    3.4   Biogeophysical Indicators 

    3.4.1   Key Themes 

 Biogeophysical indicators are grouped under four themes (Table  3.1 ): Marine 
and coastal systems (e.g., sea surface temperature, relative sea level, wave height, 
marine pollution, alien marine species,  fi sh stocks, coastal erosion, and salt-water 
intrusion); Terrestrial ecosystems and biodiversity (e.g.,  fi re frequency and area 
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burnt, ozone exceedance, land use changes, forest biomass and tree health, vegetation 
types, and carbon sequestration); Freshwater systems (e.g., water availability, and 
evapotranspiration); and Agriculture and forestry (e.g., yields of key crops, plant 
ecological surveys, and woody stem volume). The selected indicators are listed by 
key theme and case study in Appendix   2    . 

    3.4.1.1   Urban Case-Study Themes 

 Biogeophysical indicators are considered in the urban case studies although their 
importance is less of an end-point impact indicator and more of an indicator of 
vulnerability for social systems. For example in Beirut, the negative effect of 
climate variability and change on the availability of clean drinking water is a critical 
vulnerability issue, with the impact end point human morbidity and mortality. The 
key biogeophysical indicators vary between urban case study: freshwater quality and 
availability in the case of Beirut; air quality and peri-urban  fi res (Figs.   5.12     and   5.13    ) 
in the case of Athens; air quality, availability of freshwater, and sea-level rise in the 
case of Alexandria (see Sects.   4.2.1     and   4.2.3    ; Fig.   4.1    ).  

    3.4.1.2   Rural Case-Study Themes 

 Crop yields (particularly wheat) are a focus of all the rural case studies (see 
Sects.   4.3.1     and   4.3.3    ; Fig.   4.6    ). An impact-led model of vulnerability has explored 
the sensitivity of yields to CO 

2
 , temperature, and the availability of water. The optimal 

range in climate and environmental conditions is known to vary according to 

  Fig. 3.6    MODIS satellite sensor derived level 2 (10 × 10 km) daily aerosol optical depth (AOD) 
over Alexandria, Egypt during the period 2000–2009 (El-Askary et al.  2009 )       
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crop species and growth stage. Adaptation and coping mechanisms considered 
in the rural case studies include choice of cultivar, changing plant and harvesting 
dates, and supplemental irrigation. Farmer income can be supplemented through 
rural tourism, but there is a risk to tourist attractiveness (especially in Tuscany) 
if the landscape changes due to the withdrawal of traditional crops in response to 
climate change.  

    3.4.1.3   Coastal Case-Study Themes 

 Among the four coastal case studies (see Sects.   4.4.1     and   4.4.3    ; Fig.   4.11    ), key 
biogeophysical indicator themes are closely associated with the impacts of sea-level 
rise and changes in storm severity on the littoral zone (e.g., coastal erosion and 
sea-level intrusion) and marine ecosystems (e.g., sea-water temperature, invasion 
of alien species (Fig.  3.7 ), and marine biodiversity). Each coastal case study has 
speci fi c issues of regional importance. For the Gulf of Valencia – Catalan coast, 
relative sea level and coastal erosion, marine water quality, and saline intrusion; for 
the Gulf of Oran this is the fragile but ecologically important coastal nature reserves 
and its exposure to pollution; and for the Gulf of Gabès this is the vulnerability 
of low-lying tourist resort islands to sea-level rise and beach erosion together 
with a decline of traditionally important  fi sh stocks. Finally, for the West Nile 
Delta, key risks arise from the multiple threats of environmental degradation and 
sea-level rise.    

    3.4.2   Key Challenges 

 The availability of appropriate data (in terms of length, quality, and frequency of 
measurement) has limited the knowledge base in some case studies. The identi fi cation 
of marine hazards (such as storm surges and sea level rise) is particularly constrained 
by sampling size and length of time series (Sect.  3.2.4 ). Therefore where possible, 
case-study data were also compared to larger data sets available for the Mediterranean 
Basin, such as in the case of temperature and precipitation extremes (Chap.   5    ). 
There is a paucity of long time series of ecological data. In the Gulf of Oran, marine 
biological impact indicators (such as invasion of alien species) were represented by 
a combination of single year surveys of species percentage coverage,  fi shermen 
observations, prey species stomach contents, and marine discharge data covering 
two comparative years (Table   4.5    ), while vulnerability indicators were illustrated by 
5 months of water chemistry for an estuarine and freshwater site. 

 There are considerable challenges in distinguishing between changes in biogeophys-
ical indicators that are a response to climate and those that are due to other single 
or combined environmental or social system drivers. For example, signi fi cant 
shoreline changes have been observed around the Gulf of Gabès from satellite 
images. However, it is unclear to what extent these changes are in response to human 
activity (construction and industrial works in the coastal zone) and how much can 
be attributed to climate-moderated changes in the marine environment. Similarly, in 
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Beirut a common response to alleviate water shortages associated with increased 
demand due to population growth and social development has been to rely on 
groundwater extraction thus inducing salt-water intrusion. The latter is also expected 
to increase as a result of sea-level rise induced by climate change. The assessment 
of the ‘additional’ factor that can be attributed to the impacts of climate change 
remains a key challenge. The dif fi culty in isolating a climate signal is also particu-
larly apparent in the Tuscany case study. While wheat yields are sensitive to climate 
conditions, resultant yields are strongly in fl uenced by farm management (e.g., input 
of fertilizer, irrigation, technical resources, choice of cultivar) and European, 
national and regional policies. In Tuscany, the stable wheat yields recorded in the 
recent period 2004–2008 are likely due to recent Common Agricultural Policies, 
through which Tuscan farmers have more individual discretion to meet market 
demands in terms of ‘quality’, and are encouraged to apply agricultural practices 
and investment capable of guaranteeing a more stable and higher crop output.   

    3.5   Social Indicators 

    3.5.1   Key Themes 

 Social indicators are subdivided into two sub themes: human health (including all-
cause mortality, and water-borne disease); and economic systems including the 
tourism sector (daily climate tourism potential index; socio-economic tourism 

  Fig. 3.7    Cumulated number of observed alien species (logarithm) in the Gulf of Gabès per observ-
ing year 1966–2006; the  solid line  is the linear trend. First records are based on a compilation of 
the observed alien species (40) from available papers, thesis and reports. The  inner plot  shows the 
increasing number of studies on alien species (to remove the bias introduced by the increased 
research, and hence reporting, activity)       
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losses, tourism arrivals, and visits to a national park), the energy sector (production/
consumption by energy type and sector),  fi sheries and aquaculture ( fi sh catch/
landings), agricultural production (e.g., olive oil and wine), and the water industry 
(e.g., water consumption by sector). 

    3.5.1.1   Urban Case-Study Themes 

 Among the three urban case studies, key social indicator themes are associated with 
impacts on human health and are closely connected to the driving biogeophysical 
indicators (see Sects.   4.2.1     and   4.2.3    ; Fig.   4.2    ). In Athens, air pollution and heat-
waves act synergistically to increase mortality rates in summer (Fig.  3.8 ; and see 
Sect.   5.3.3.1     for further information). In Beirut, lack of access to clean water 
resources is a health issue affecting morbidity and ultimately mortality. In Alexandria, 
poor air quality (Fig.  3.6 ) from pollution and dust storms has a signi fi cant human 
health effect. Additional social indicators for each urban site were also considered. 
For example in Athens, energy consumption levels throughout the year are closely 
related to ambient temperatures (Fig.   4.3    ) as communities attempt to maintain a 
comfortable living and working environment.   

    3.5.1.2   Rural Case-Study Themes 

 Due to time and data constraints, a fully integrated and quantitative assessment of 
all aspects of climate vulnerability for each of the rural regions was not possible. 
Instead, research focused on key linkages between the main impact indicators: agri-
cultural production (such as, wheat yield in the Judean Foothills; Fig.   4.8    ), tourist 
arrivals, and forest  fi res (Fig.  3.3 ) and vulnerability indicators: water availability 
(Fig.  3.2 ), land-use change, and population change of relevance to rural climate-
sensitive activities (see Sects.   4.3.1     and   4.3.3    ; Fig.   4.6    ).  

    3.5.1.3   Coastal Case-Study Themes 

 Among the coastal socio-economic themes considered (see Sects.   4.4.1     and   4.4.3    ; 
Fig.   4.11    ), the tourism sector is identi fi ed as an important and rapidly expanding 
economic system for much of the Mediterranean coastline. A theoretical simulation 
was used as a tool to investigate the socio-economic impacts related to climate 
change (warming coupled with increased beach erosion) in the Gulf of Gabès case 
study (Fig.   5.23    ). Fishing and aquaculture is another key economic sector in coastal 
zones, affected by the vulnerability of marine ecosystems to the collective pressures 
of sea warming and marine pollution as highlighted in the Gulf of Oran and the Gulf 
of Gabès case studies (Fig.   5.26    ). Climate-induced salt-water intrusion was a particular 
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theme for the Gulf of Valencia and the West Nile Delta with wide-reaching societal 
impacts on freshwater resources, agriculture, settlements and land use.   

    3.5.2   Key Challenges 

    Social indicators, like biogeophysical systems, usually respond to a complex • 
combination of environmental and social drivers, but in the case of social indicators 
the causal chain is typically longer, and there are greater interactions with 
non-climate drivers. For example, tourism arrivals/visits (considered in the Gulf 
of Gabès, Judean Foothills, Apulia and Tuscany) are a behavioral response to 
a complex array of factors including climate conditions in the sending and receiv-
ing region, the general attractiveness of the resort (partly attributable to climate 
but also to service levels and facilities), currency exchange rates, ease of access, 
cost of travel (which may re fl ect climate policies), civil and political stability, 
and current fashions and trends in holiday destinations. Circumstances, such as 
the ongoing political situation in Algeria, Tunisia, Egypt and Syria (at the time 
of writing), can become the dominant system driver, temporarily diminishing the 
climate signal (see Sect.   6.4.1     for further discussion).  
  Social indicators may respond in a non-linear fashion to climate variability and • 
change. For example, in the case of excess deaths and daily temperature in 
Athens, deaths tend to rise as temperatures increases above a threshold of 34°C 
(Fig.  3.8 ). Between 23 and 33°C no excess summer deaths were recorded. 
A further complication is that health vulnerability to critical temperature 
thresholds is not socially homogenous, but varies according to age, pre-existing 
illness (affecting individual resilience to heat stress) and social class (affecting 
access to health care, air conditioning, and general living conditions). In addi-
tion, thresholds may shift in the future due to physiological adaptation as 
the body acclimatizes to a changed climate (Sect.   5.3.3.1    ). In the social context, 
thresholds tend to be case speci fi c, founded on subjective assessments of what 
constitutes acceptable risk and impact, and are in fl uenced by cultural factors 
(Meze-Hausken  2008  ) .  
  The nature of socio-economic data has intrinsic challenges, tending to shorter • 
time series; infrequent/irregular measurement; changes in methods or frequency 
of recording data over time; and data that are more qualitative in nature. Annual 
data on water consumption by sector in Tuscany (Fig.  3.9 ) for example, are avail-
able for a period of 14 years (1995–2008); while industrial water consumption 
covers 13 years (1995–2007), water consumption by the agricultural sector 
covers a shorter 10-period (2000–2009), and domestic water consumption is 
only available for 1 year, 2006. These regional data inadequacies highlight the 
importance of consistent monitoring of social and biogeophysical indicators to 
highlight key trends in vulnerabilities and impacts (Sect.   6.6    ).   
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  Spatial scale differences between social and environmental data present methodo-• 
logical challenges. Observed climate and other environmental data frequently 
relate to a speci fi c observation/sampling site, whereas socio-economic data may 
relate to an administrative or local authority region. For example, employment 
statistics in the tourism sector are generally aggregated for key tourist zones 
(such as Djerba-Zarzis in the Gulf of Gabès) whereas observed climate data refer 
to the closest meteorological station data (Sect.   5.3.3    ). In addition, marine 
observations (e.g., sea surface temperature, maximum signi fi cant swell height) 
are generally sparse and discontinuous in time and are integrated over a large 
spatial domain (Fig.   4.16    ).  
  There tends to be less quantitative information about future trends and projec-• 
tions of socio-economic indicators particularly at a regional or local level. Even 
where projections are available, they tend to be for the short term (e.g., next year 
in tourism) rather than the longer time scales relevant to climate change.    

  Fig. 3.8    Daily excess summer deaths in Athens by maximum air temperature interval ( blue bars ) 
for the years 1992–2006. The frequency of occurrence of each temperature interval is shown using 
 yellow bars        

  Fig. 3.9    Water consumption (million m 3 ) in Tuscany by agriculture (2000–2008), civil (2006 
only) and industry (1995–2007) sectors (Source: Regional Tuscany public administration)       
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 These indicator themes and methodological challenges are developed further 
in Chap.   4    .  Climate impact assessments  which presents examples of key impacts 
and vulnerabilities to climate of the present and recent past, by generic case study 
(urban, rural, coastal), and Chap.   5      Integration of the climate impacts with future 
projections .       
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