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Biogeophysical and social vulnerability indicators
Rural case-studies information sheet: Tuscany, Italy
Summary
· Wheat yield (one of the main crops cultivated in Tuscany) shows considerable inter-annual variability between 1996 and 2006, a statistically significant relationship with mean annual temperature is observed.
· In Tuscany, tourism representing 7-8% of the total GDP of the region is a crucial source of income for rural communities. With the exception of a slight downturn in 2003 and 2004, rural tourism arrivals and the demand for rural accommodation has increased in recent decades reflecting the perceived health benefits of the countryside. 
· Forests occupy 50% of the land cover of Tuscany and represent 11% of the national forested area. Forest fires are very weather sensitive with fuel moisture heightening fire risk. Between 1984 and 2005 the Fire Weather Index (FWI) showed an increasing trend (although not statistically significant) with marked inter-annual variability. The highest FWI peaks occurred in 1985, 1993, 1998-2001 and 2003; between 1984 and 1994 forest fire events declined due to improvements in the wildfire services of the region. 
· A reduction in water availability may be one of the main constraints for many sectors (such as agriculture, tourism, and industry) relying on the same limited resource in Tuscany. Climate conditions experienced over the last 15 years have made southern Tuscany quite vulnerable in terms of water availability since there has tended to be a deficit in the annual water balance– except for the year 2008 when rainfall slightly exceeded evapotranspiration. 

· Tuscany land use (95% natural and agricultural) has changed notably over the last century, with an expansion of open unmanaged forest, shrubland or woodland. Changes in climate, landscape and ecosystem services, may pose direct and indirect threats to crucial rural economic activities of the region (e.g. tourism and quality crop production) 
1. Introduction 

This information sheet focuses on the impacts and vulnerability of the Tuscan rural community to current climate hazards using a set of biogeophysical and social indicators. A previous information sheet, concerned with observed climate indicators, shows an increasing trend in maximum temperature (0.3-0.4°C / decade) and in the duration / frequency of heat waves, and a slightly decreasing trend in annual rainfall. Due to time and data constraints, we do not attempt a fully integrated and quantitative assessment of all aspects of climate vulnerability in Tuscany. Instead, the aim is to present the linkages among key drivers and impact and vulnerability indicators related to the rural region.
Each of the indicators presented are, at least in part, sensitive to climate variability and change and comprise: wheat yield - one of the main crops cultivated and characterizing the landscape of the region, tourist arrivals as registered by the rural accommodation services of the region, and the Fire Weather Index. We present two vulnerability indicators which are particularly relevant to crop yield, tourism and wildfires; namely water availability and land use. These vulnerability indicators are reported as survey data (water availability) and single values for specific years (land use). A more quantitative assessment is provided of the linkages between wheat yield and water availability to provide a case-study example of the main constraints related to the impacts, risks and areas of vulnerability in Tuscany. 
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Tuscan wheat fields. Source: DISPA Department of Plant, Soil and Environmental Science, University of Florence
2. Impact indicators
Wheat Yields
What is it?  

This is the amount of plant crop harvested (measured in grain dry matter per unit area of land under cultivation) usually expressed in kilograms per hectare (or Mg per hectare) for a given period of time. Annual durum wheat yields data for the Tuscany region are extracted from the EuroSTAT database and cover a 13-year time series from 1996 to 2008.
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Figure 1: Mean annual durum wheat yield (Mg/ha) for Tuscany (represented as black line in both graphs), 1996 to 2008 (Source: EuroSTAT) and mean annual temperature (°C; left) and total annual rainfall (mm; right) from 1996 to 2006.
What does this show?  
While considerable inter-annual variability in wheat yield is observed between 1996 and 2003, yield is relatively constant thereafter (Figure 1). No significant crop yield trends are observed over the data period. By comparing yield data with key meteorological variables, a statistically significant negative relationship with mean annual temperature is found (r=-0.77, p<0.01), and a weaker but not statistically significant positive correlation is found with total annual precipitation (r=+0.47, p<0.1). The lowest mean annual yield is observed in 2003, notably the driest and warmest year of the series.
Why is it relevant?
Crop yield varies according to several non climate factors (e.g. technology, genetics, and management). Nevertheless, it is highly climate sensitive due to the direct effects of temperature, atmospheric CO2 concentrations, and water availability, and represents a useful measurable biogeophysical impact indicator. The major climate hazards in a Mediterranean environment are high temperatures combined with droughts that frequently occur during crop-growing phases and may reduce crop yields (Porter and Semenov, 2005; Olesen and Bindi, 2002). 
Alongside maize, sunflower, olive and grapevine, wheat (durum and bread) is one of the main crops cultivated in Tuscany (the fourth producer in Italy in 2008) representing 62% of the grain market produced and 8.5% of the total agriculture output of the region. Moreover, wheat fields define the typical Tuscan landscape, especially in the “Maremma” areas located in the south west of the region, and appreciated all over the world. A reduction in wheat yield is likely to depress the income of Tuscan farmers who may switch to other crops more suited to the changing climate, and thus more remunerative. This could alter the Tuscan landscape with unavoidable consequences for rural tourism, especially in the “Maremma” region, where wheat is the main crop cultivated. In addition, during drought extra water may be abstracted to irrigate the usually rain-fed crops (e.g., wheat), leading to a shortfall in water resource availability and higher costs of wheat production.
Tourist arrivals  
What is it?  
The absolute number of domestic and international tourist arrivals in rural tourist accommodation (i.e., camping, agriturismi-farmhouses, B&Bs in rural villages) is used as an economic impact indicator for rural Tuscany. Data are provided by the Administrative Region of Tuscany, for the years 1993-2007.
	What does this show?
A significant increasing trend can be observed (R2= 0.975) in the number of tourist stays in rural holiday accommodation in Tuscany (Figure 2). A slight drop in tourist arrivals occurred in the years 2003 and 2004 (2003 is the second warmest and driest year in the past 50 years).
Figure 2: Arrivals of international and domestic tourists recorded by rural accommodation services of Tuscany, 1993-2007 (source: Administrative Region of Tuscany)
Why is it relevant?
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Climate variability can provoke shifts in tourist flows and destinations (IPCC, 2007), with large effects on economic outcomes in regions where tourism-related activities represent a key source of income such as in Tuscany, where the tourism sector represents 7-8 % of regional GDP. Hotter Tuscan summers are usually associated with fewer tourist arrivals, whereas higher temperatures in shoulder seasons seem to be beneficial (Morabito et al. 2004; 2005). Heat extremes may be detrimental to tourist health. During the 2003 summer heat wave in Florence, 72.7% of all tourist hospital admissions were related to heat-related disease, compared to 27.3% in 2002 (Morabito et al. 2005). In the longer term, the quality of tourist amenities at a given location may be indirectly affected by a changing climate (e.g. the altered visual appeal of landscapes due to vegetation change; water resource limitation; higher sea level and beach erosion). After culture, the most important year-round tourist attract is the Tuscan agricultural landscape. In recent decades there has been an increase in tourist interest for agriturismi-farmhouses, which are perceived as less polluted and healthier than city hotels (IRPET, 2009). However, regional stakeholder consultation suggests that demand for additional services in rural areas (e.g., swimming pools, air conditioning) has also increased further pressuring water and energy resources.
Fire Weather Index 
What is it?  
The Fire Weather Index (FWI) is a daily meteorological-based index designed in Canada and used worldwide to estimate fire danger in a generalized fuel type. FWI consists of six standard components each measuring a different aspect of fire danger (Van Wagner, 1987) using noon observations of: temperature, relative humidity, wind speed and rainfall. Data are provided by the project EU-FPVI – ADAM. 
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Figure 3: Fire Weather Index (red line) and number of summer fire events (blue bars) from 1984 to 2005 (source: Moriondo et al. 2006, Administrative Region of Tuscany, Wild Fire Service)
What does this show?  
The summer FWI is characterized by marked inter-annual variability (Figure 3). Although not statistically significant, an increasing trend is observed (r = 0.41) over the period, 1984-2005. The highest values are recorded in 1985, 1993, 1998-2001 and 2003 and correspond to some of the highest number of summer fire events. The insert box in Figure 3 shows the regional administrative municipalities most affected (deepest red) in terms of total area burnt, and these are mainly concentrated in the north-western part of the region, characterized by the most densely forested mountains. 
Why is it relevant?
Forest cover in Tuscany represents >11% of the national forest and 50% of the regional land cover. Deforestation due to fires or other factors is thus of great concern and can have widespread damaging consequences through increased flood risk, soil erosion and loss of fertility. Forest fires are highly weather sensitive responding to fuel moisture (affected by precipitation, relative humidity, air temperature and wind speed). Warmer air temperatures increase fuel dryness and reduce relative humidity resulting in a heightened fire risk particularly where rainfall is also declining (Howden et al. 1999). FWI can be used to estimate the potential intensity of a spreading fire (Carvalho et al. 2008). However, area burned is determined by a complex set of variables including the extent and efficiency of fire control, fire site accessibility, human and lightning ignitions, simultaneous fires, and weather (Flannigan et al. 2005). In Tuscany, more than 90% of fires are started by arson. Fire monitoring, prevention and control actions have improved under the auspices of the regional wildfire services and may explain some of the decline in fires events since 1994 (except 2003) and the dissociation between FWI and fire events in 1998-2001.
3. System vulnerability
Water availability
What is it?  
[image: image10.png]Water availability is the potential of a water body to sustain additional use after considering existing water use and conditions within the hydrological cycle. Traditionally this has meant securing sufficient water to meet demand on the basis of existing and projected usage (Anderson and Woosley, 2005). Water availability is very difficult to estimate according to this definition. Groundwater levels and aquifer storage volume are not easy to assess and although surface water (rivers, streams, reservoirs and lakes) is much easier to calculate, it is not monitored regularly across the region. However, potential water availability can be estimated using total rainfall and total soil and plant evapo-transpiration (ET) for a unit time (IRPET, 2009). 
What does this show?
Regional variation in ET is shown for three years, representing the wettest (2008), the driest (2003) and a year with average annual precipitation (1999) in the last 15 years (Figure 4). In 1999, ET is <950 mm/year in flat areas with mean annual precipitation ranging from 800 mm (north) to about 600 mm (south), representing an annual water deficit of about 350 mm. In contrast, there is a water surplus in hilly areas (with precipitation, ranging from 200 to 1500 mm in the Apennines and Apuan Alps). In 2008, ET is <800 mm throughout the region while precipitation is +20-30% relative to the average (1961-90). In 2003, there is a negative water balance ranging from 200-500 mm (between the Arno river valley and southern Tuscany).
Why is it relevant?
In Mediterranean countries, key climate impacts arise through changes in precipitation which alter water resource availability (Natali et al., 2009). Tuscany has a complex and rather critical water supply situation especially for central and southern areas, and certain economic sectors (such as, industry, tourism and agriculture). Moreover in Tuscany, water availability is one of the main concerns of climate change especially during extreme events, such as heat waves and droughts. For instance, a reduction in water availability due to climate change is likely to be one of the main limiting factors (qualitative and quantitative) for crop yields in Mediterranean regions. As a consequence, the lower the water availability, the greater the vulnerability of the agriculture system to both climate variability and future climate change.
Land use
What is it?  
Land use refers to the state of the land in terms of its cover and use, and may include but is not limited to data about agricultural, urban, industrial, pastures, forests, water bodies and wetlands. Data are derived from the CORINE Land Cover project 2006 which aimed at providing consistent localized geographical information on land cover for the 12 Member States of the European Community.
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Figure 5: Land use in Tuscany and percentage breakdown of CORINE Land Cover 2006 level 1 classes 
What does this show?  
Tuscany is predominantly rural since natural and agricultural lands cover 95% of the region (Figure 5). Agricultural land (grapevine, olive grove and wheat crops) covers 45% of the region and is located on flat areas and low-lying hills. Mixed forests (primarily deciduous) cover the higher hills and mountainous areas (50% of the region).
Why is it relevant?
In Tuscany, 40% of the population is living in rural areas, producing one third of the total regional surplus value, and contributing to 35% of the labour market. The economy of rural communities is primarily based on the services provided by the existing forest and agricultural ecosystems. The Tuscan rural economy has developed from complex interactions between biophysical and socio-economic factors operating at various levels and driving land use changes with implications for the multi-functionality of agriculture (Bernetti and Marinelli, 2010). The multi-functionality of Tuscan farmlands, as suppliers of both agricultural products and other services (e.g., landscape, tourism and recreation) is the principle driving force of the regional economy.
Due to rural encroachment of urban areas, which peaked after the Second World War, Tuscan land use changed notably over the last century. Large-scale abandonment of rural areas has brought major changes in ecosystem function and dynamics (e.g., crop fields and grazing lands replaced by open unmanaged forests, shrublands or woodlands). The Corine Land Cover surveys of 1990 and 2000 for Tuscany show a notable reduction of agriculture lands. This trend is also confirmed by Agnoletti (2007) who led a study of landscape changes from 1832 to 2006 on a hilly-area of Tuscany. A dramatic decrease in arable land, pasture and mixed cultivation with vines was observed over the study period while forests expanded rapidly up to the year 2002. This change was largely due to the reversal of demographic trends from around 1921, and more rapidly after the Second World War as Italy was transformed into an industrialized country. These trends are also reflected at the national level; during the last century in Italy 13 million ha of agricultural land were abandoned and forests increased from 3.65 million ha in 1906 to 10.5 million ha in 2006 (National Forest Inventory http://www.ifni.it) (Agnoletti et al., 2006). 

Climate also directly impacts land cover/use in terms of the spatial variation in areas suitable for particular species of plants (shrubs, trees and agricultural crops), shaping the landscape and the ecosystem services provided (e.g., recreational activities, biodiversity, local handcrafts, and hydrological stability). The consequences of climate change for the Tuscan landscape and ecosystems could pose an indirect risk to important rural economic activities such as tourism and the quality of crop production.
4. Thresholds and coping ranges
As a case-study example, we identify the relevant climate thresholds for wheat yield that define the limits beyond which the crop is no longer able to cope with further climate change without some adaptation. Tuscany is characterized by a hilly and mountainous landscape but lacks significant surface water (rivers and reservoirs) available for crop irrigation. The traditional farming system is therefore developed around crops well suited to specific soil and climate conditions, and in particular, wheat is mainly a rain-fed crop. 
Inter-annual variability in precipitation is one of the major causes of variation in crop yields and yield quality, affecting photosynthesis, growth rate, and soil and water nutrients (Mearns et al., 1996; Long, 1991). In Tuscany from 1996 to 2003, before the introduction of new CAP polices (Section 5.2), wheat yield was highly dependent on annual rainfall (with a correlation between the two time series of 0.87; p<0.01). Crop yields are likely to suffer if dry periods occur during critical developmental stages such as reproduction. In most grain crops (e.g., wheat) flowering, pollination, and grain-filling are particularly sensitive to water stress (Zhang and Oweis, 1998; Yaron and Bresler, 1983; English, 1990; English and Raja, 1996). It is estimated that drought in rain-fed conditions of the Mediterranean can reduce durum wheat grain yield by up to 50% (Garcia del Moral, 2003). Blum and Pnuel (1990) observe that in a Mediterranean environment a reduction of 10 mm in rainfall can reduce wheat yield by 74 kg ha-1. Therefore, a large reduction in precipitation is likely to lead to a shortfall in wheat yield and a risk of pursuing crops which are no longer remunerative for Tuscan farmers. 

Excessively wet years can also reduce yield e.g., through water logging, increase in pests and diseases and difficulties in field operations. According to stakeholder consultation, one of the main constraints during the sowing phase is persistent autumn rainfall. In Tuscany, wheat is usually sown between the end of October and December, although the sowing date can be delayed till February in exceptional cases. However, if there is a delay the farmer may decide not to sow or to cultivate alternative crops (e.g., sunflower) due to a likely lower quality and quantity of production. A clear example occurred in 2008-2009, persistent rainfall during the sowing season reduced the area of cultivated wheat relative to the previous year (-39% and -40% for durum and bread wheat respectively. Source: AGRIT).
There is an optimal temperature range for crop development that if exceeded plants become stressed or are unable to cope and die. The net productivity in wheat is low at 5°C, it increases as temperatures rise to a wide optimum, but decreases at higher temperature (>25°C) and ceases at about 40°C (Lawlor and Mitchell, 2000). In a Mediterranean environment 30°C is found to be a threshold above which further warming is accompanied by a steady decrease in wheat yield (Van Ittersum et al., 2003). Increasing temperatures shorten the duration of all crop development stages, allowing less time for capturing light, water and nutrient resources. Extreme temperatures during reproductive development are particularly damaging. For example, at the grain-filling stage extreme cold can kill wheat and late frosts induce sterility (Russel and Wilson, 1994). At anthesis (fully open flower), both cold temperatures (< 5°C) and hot temperatures (> 30°C) can damage pollen formation which in turn reduces grain set and yield (Dawson and Wardlaw, 1989; Tashiro and Wardlaw, 1990).
5. Risks of climate hazards to social and biogeophysical systems
5.1 Current climate hazards

· The main climate hazards for Tuscany are warmer temperatures, reduced rainfall and increased frequency and intensity of extreme events (such as flooding, hot days/nights, high temperatures, dry spells and heat waves).
· In the last 55 years, annual maximum temperature has increased by 0.3°C-0.4°C per decade across the entire region. The last 10-20 years have been the warmest in the series with annual values consistently higher than the long-term average.
· Precipitation has shown considerable inter-annual variability between 1951 and 2006 and a slight decrease (about -3% per decade) is recorded over the whole region. The highest reductions are observed in winter and spring, up to -13% and -5%, respectively

· The duration and frequency of heat waves have steadily increased in the last five decades. Since 1951, the duration of heat waves has been extended by almost 10 days (ranging from 0.5 to 3 days per decade), and the longest events have occurred from 1990 onwards.  
5.2 Vulnerability assessment: 
Wheat yield and water availability
The rural environment of Tuscany, and in particular the agricultural sector, is particularly sensitive to climate variability (e.g., in temperature, precipitation and extreme events). For wheat, optimal yield is the potential yield given non-limiting supply of water, fertilizer inputs, and a lack of management constraints. Average farm yields for Tuscany are inevitably lower than the potential yield, since this would involve a near perfect management of these inputs. Crop yields also vary according to European, national and regional agriculture policies, which affect capital investment in crop production, workforce and technical resources. As a consequence, farmers drive cultivation towards higher incomes to cope with the ever increasing costs of production. For example, the recent European Common Agriculture Policies - CAP (2005-2013) is based on single payments given to farmers independent of crop production (‘decoupling’) but related to specific environmental protection, food safety, animal/plant health and protection rules. The stable wheat yields recorded from 2004-2008 in Tuscany (Figure 1, Section 2) are therefore likely due to these recent CAP policies. Tuscan farmers have more individual discretion to produce what the market demands in terms of ‘quality’, and are encouraged to apply agricultural practises and investments capable of guaranteeing a more stable and higher crop output. To assess the influence of climate alone on wheat yield in Tuscany, simulation crop models can be run which keep constant all other variables affecting the crop response in the case-study area.

Long-term climate records for Tuscany reveal rising temperatures, and inter-annual variability in precipitation together with slightly lower total precipitation. Such changes, also reported by De Wrachien and Ragab (2003) are likely to have significant short- and medium-term effects on the availability of water resources, for both crop water requirements and irrigation use. Extended dry periods and greater evaporation can lower water storage for freshwater supply, reduce soil moisture and increase water demand among competing sectors. During periods of drought, an increasing amount of supplemental irrigation water is required to satisfy crop-water requirements for non-irrigated crops (e.g., wheat) and maintain baseline yields, thus further raising the demand for water. Adaptation and supplemental irrigation efficiency may decrease considerably under drought and higher temperature conditions due to enhanced evaporative demands (Tubiello et al., 2000). An increase in irrigation practises implies larger abstractions from surface and groundwater bodies, many of which are already in a critical condition in Tuscany. In addition, excessive water abstraction can cause salinization of groundwater, threatening agricultural activities, domestic water use and tourism, especially along coastal areas of the region.
The volume of renewable water resources in Tuscany has decreased as a result of current climate hazards (Nuvoli and Matina, 2002). To prevent further negative consequences to the rural communities, integrated and effective water resource management needs to be achieved aimed at protecting and conserving Tuscany’s precious water resources. An assessment of agricultural production should consider not only the profitability of crop yields but also the trade-offs between crop production and water resource availability with respect to environmental issues.

5.3 Case study

Tuscany has a mean annual precipitation total of 1000 mm with high spatial variability due its relatively large size and heterogeneous landscape. The mean annual total water balance for Tuscany published by ARSIA (Nuvoli and Matina, 2002) is shown in Table 1. In Tuscany, the potential surface water available (about half of the overall surface runoff) amounts to 6000 million m3, while the total reservoir capacity is estimated to be 446 millions m3 (i.e., only 1.8% of annual rainfall and 3.5% of annual surface runoff). Groundwater abstractions from aquifers, wells and boreholes are not available to the case study. 
There is limited information on water availability in Tuscany. However, water consumption by main economic sector for the years 1996 to 2008 have been collected by IRPET (Regional Economic Planning Institute of Tuscany) in cooperation with ARSIA (Regional Agency for the Development and Innovation in Agriculture and Forestry of Tuscany) and the National Research Council and the University of Florence (Figure 6). Data cover the years 2000-2008 for agriculture, 2006 for domestic, and 1995-2007 for industry. Agricultural water consumption is lower than the other two sectors and shows inter-annual variability. The highest peak occurs in 2003 (one of the driest years on record) when agriculture consumption reached 180 million m3. During the same year a fall in mean annual wheat yields together with a water deficit was also recorded (Figures 1 and 4). 
Supply and demand of water for crop irrigation is likely influenced not only by climate variability and change (through precipitation, evaporation, and runoff at the watershed and river basin scales) but also by increased sector competition for water, a function of population and economic growth. Regional stakeholders have suggested that improvements in water resource management would increase the capacity to cope with drought and supply adequate water to all sectors which rely on it.
Table 1: Average annual total water balance for Tuscany (Nuvoli and Matina, 2002)

	
	million m3
	%

	Mean annual total rainfall 
	24 900
	100.0

	Evapotranspiration
	500
	2.0

	Ground water runoff
	11 500
	46.0

	Surface runoff
	12 900
	52.0

	Potential exploitable surface water resource
	6 000
	25.0

	Total reservoir capacity
	446
	1.8
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Figure 6: Water consumption in Tuscany by agriculture (2000-2008), civil (2006 only) and industry (2000-2007) sectors (source: Regional Tuscany public administration)

5. Summary

The biogeophysical and social impact and vulnerability indicators analyzed for the Tuscany rural case study are, wheat yield, tourists arrivals, Fire Weather Index, land use change and water availability. In Tuscany, high temperatures, precipitation extremes, warmer days and nights, more frequent heat waves and drought can reduce yields through heat stress, increased insect outbreaks, lower water availability, and increase evapotranspiration and soil degradation. Persistent rainfall during the sowing season can reduce the extent of wheat cultivated areas. 

Higher temperatures and more frequent heat waves may reduce the comfort and attractiveness of the Tuscan countryside and agriturismi-farmhouses to tourists. The negative impacts of climate change on the landscape (a key resource for rural tourism in Tuscany) may have damaging consequences to the rural regional economy. In addition, a combination of droughts and higher temperatures may increase fuel dryness and the risk and intensity of forest fires. The southern areas of Tuscany are particularly vulnerable to water availability. The threat of annual water deficit increases competition between sectors (e.g. agriculture, tourism, and forestry) relying on the same limited resource.
Figure 7 illustrates key relationships among the selected indicators for the Tuscany case study: climate system drivers (in blue), impact and vulnerability bio-geophysical indicators (in green) and impact and vulnerability socio-economic indicators (in orange). Further summary information on known climate impacts, vulnerability and system thresholds is provided in Table 2.

Table 2: Summary table of biogeophysical and social vulnerability indicators to current climate
	Key impacts indicator
	Climate hazards indicator
	Vulnerability indicators
	System thresholds
	Current impacts 

	Annual wheat yields (Mg/ha)
	Annual precipitation anomalies

Max temperature anomalies

Heat wave duration

Dry spell
	Water Availability:

- Competition for water resources has intensified.

- Water deficit can also result from mismanagement of water resources.

- Higher water consumption by agriculture is observed during the warmest years (e.g., 2003).
- A reduction in precipitation leads to lower water storage and consequently less water availability.
Water Resource Costs: An increase in water resource demand and sector competition leads to a rise in the cost of water abstraction.
Population and rural economy: 40% of the Tuscan population lives in rural areas, covering 75% of the total regional area, producing one third of the total regional added value, and contributing to 35% of employment.
	Qualitative thresholds identified:
Cultivation costs: when these are higher than grain production income, the crop may not be harvested or sowed.

Precipitation: When persistent autumn rainfall delays sowing until the end of February, wheat cultivation may not be remunerative even for late cultivars.

Climate thresholds for wheat yield in a general Mediterranean context:
Temperature: <5°C or >30°C during reproductive development crop phases (Dawson and Wardlaw, 1989; Tashiro and Wardlaw, 1990)
	A water deficit (~ 300 mm) was recorded in the lowlands of the region in 1999 and throughout the region in the extremely dry year 2003. 

The lowest mean annual yield is observed in 2003, notably the driest and warmest year in recent decades.
In 2008-2009, persistent rain during the sowing season caused a general reduction in areas of wheat cultivation with respect to the previous year (-39% and -40% for durum and bread wheat, respectively)

	Tourist arrivals 
	Precipitation anomalies

Max temperature anomalies

Heat wave duration

Hot days/nights

Dry spell
	Water Availability: 

· Water resources required for tourism services (i.e., swimming pools, drinking water, recreational water sports) can reduce water resource availability.
· Summer peaks in tourism accentuate pressure on water resources during drought periods, endangering water resource sustainability 

· A tourist consumes on average 300 litres of water / day, and up to 880 litres /day in luxury hotels (EEA, 2003)
Land Use:
Changes in land use may alter the traditional landscape of the region and reduce tourist attractiveness (Morabito et al., 2005)
Other income for farmers:

In Tuscany, income from non-agricultural activities (2003-2008 average) represents ~ €140 Million (i.e., 8% of total agriculture income)
	Qualitative thresholds identified: 

- Hotter summers are associated with fewer tourist arrivals, whereas higher temperatures in shoulder seasons seem to be beneficial to tourism (Morabito et al. 2004, Morabito et al. 2005)

	During the summer heatwave of 2003, 72.7% of total hospital admissions in Florence were related to heat -related diseases compared to 27.3% in 2002 (Morabito et al. 2005).

According to stakeholder consultation and ISTAT analysis (IRPET, 2009), in recent decades there has been an increase in tourist arrivals for agriturismi-farmhouses (especially with swimming pools) located in the Tuscan countryside. 

	Fire Weather Index (FWI)


	Annual precipitation anomalies

Max temperature anomalies

Heat wave duration

Hot days/nights

Dry spell
	Water Availability: 

The main fire risk occurs in summer when droughts are more frequent, water resources more vulnerable and soil moisture scarcer. In these conditions, plants suffer water deficit and become more combustible.

Land Use:
During the previous century: cultivated land in Tuscany has been abandoned and replaced with often unmanaged forests with a dense and very dry flammable understory. 
	No quantitative thresholds have been identified 


	Between 1985-2005, the highest number of summer fire events coincided with the highest summer FWI values (1985, 1993, 2003). 
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Figure 7: Indicator linkages for Tuscany (italics denote vulnerability indicators)
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Figure 4: Annual evapotranspiration 1999, 2003, 2008 (source IRPET, 2009; processed by CIBIC, University of Florence)
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