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INFORMATION SHEET ON OBSERVED CLIMATE INDICATORS
FOR THE CIRCE RURAL CASE STUDIES: TUSCANY
Summary

· The rural environment of Tuscany is characterized by agricultural production (e.g., durum wheat, grapevine and olive) and increasingly by rural tourism. Both sectors are strongly influenced by environmental factors such as changes in climate conditions (e.g., temperature, precipitation or extreme events).
· Since 1951, the annual maximum temperature of Tuscany has increased by 0.3 to 0.4°C per decade. This increasing trend has been observed across the whole region but the rate of increase is highest in inland areas and during the summer season.

· A slight decrease in annual rainfall has been observed; significant reductions have been detected in winter (up to -13% per decade), and a slower rate of decline in spring (up to -5% per decade).
· The duration and frequency of heat waves has increased.  Since 1951, the duration of heat waves has on average been extended by almost 10 days and the longest heat wave events in the observation period have occurred from 1990 onwards.
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Typical landscape of Tuscany (source DISAT-Unifi)

1. Introduction 

Tuscany, famous all over the world for its archaeological, historical, and cultural heritage, is the largest administrative region in central Italy, and is characterized by an extremely heterogeneous and complex topography.  This results in a climate which ranges from typically Mediterranean to temperate warm or cool.
The main crops are wheat (durum and bread), maize, sunflower, olive and grapevine. In particular, the latter two are very important as features of the landscape and for the economic role that they play at the national/international level. Moreover, rural tourism has increased exponentially over the last 15 years, and now represents the main income for many farmers.
The CIRCE study will analyse the influences of, and vulnerability to, climate change in the Tuscany region. A detailed analysis of current climate variability has been undertaken. Several key climate indicators have been selected (Table 1) and their behaviour in the recent past analysed.
The meteorological data were extracted from a grid-based dataset (E-OBS) provided by the European project ENSEMBLES. This dataset, covering the period from 1951 to 2006, contains the observed minimum, maximum and average temperature and precipitation at a daily time step, with a spatial resolution of 25 km.  

2. Indicators of observed climate variability

Maximum temperature anomalies

What is it? 

According to the National Weather Service Forecast Office, maximum temperature is the highest temperature recorded during a specified period of time. Maximum temperature anomalies, calculated as the deviation from long-term average values, represent one of the most reliable indicators for describing the climate variability of a defined area.
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Figure 1: Annual maximum temperature anomalies from the 1971-2000 average for an E-OBS grid-cell located in North-East Tuscany (Florence), for the years 1951-2006
What does this show? 

Annual maximum temperature in Tuscany (Figure 1) has warmed significantly over the observed period (1951-2006). The linear trend ranges from +0.3°C to +0.4°C per decade along a west-to-east gradient with a higher rate of warming inland. Although the increase in maximum temperature is observed in all seasons, the largest warming (up to 0.5°C per decade) occurs during the summer season. The last 10-20 years of the observed period are the warmest, with annual values almost always greater than the long-term average. 

Why is this important? 

Maximum temperature is one of the variables most sensitive to greenhouse global warming in the Mediterranean basin (Sanchez et al., 2004). Most physiological processes in plant and animals are related to an optimum temperature above which a sudden decline in function can occur. In Tuscany, temperature increase represents a hazard to the production of crops such as olive, grapevine, fruit and vegetables. Maximum temperature increase may also be related to a higher forest fire risk. In addition, the optimal temperature of a holiday destination is considered by tourists, particularly in regard to the choice of destination for seasonal tourist activities (Morabito et al., 2004).
Annual precipitation anomalies
What is it?  
Precipitation is the amount of liquid equivalent precipitation (including melted snow) measured over a particular range of time (National Weather Service Forecast Office).  Annual precipitation anomalies are calculated as the deviation from the long-term average (1971-2000).
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Figure 2: Annual precipitation anomalies from the 1971-2000 average for an E-OBS grid-cell located in North-East Tuscany (Florence), for the years 1951-2006
What does this show?  
In the observed period (1951-2006), precipitation is characterized by considerable inter-annual variability (Figure 2). Although a slight decrease (on average about -3% per decade) is recorded in annual precipitation over the whole region, the trend is only significant along the Arno river valley. However, significant reductions, of up to -13% and -5%, are observed in winter and spring, respectively. For summer and autumn seasons, there are no significant trends in precipitation.

Why is this important? 
Changes in total annual and seasonal precipitation or in its pattern of variability may seriously affect agricultural and rural activities (Olesen and Bindi, 2002). The quantity and quality of agricultural products are strongly influenced by water availability which represents one of the main constraints in Mediterranean regions. Crop production may be compromised by drought and flood during sensitive phenological stages (i.e., flowering and grain filling). Moreover, rainfall variability affects crop management, such as the timing of sowing, fertilization, and harvest. Since irrigation agriculture is one of the major consumers of water in Tuscany, a rise in water demand can increase competition among other sectors (civil and industrial uses) and consequently raise the cost of water abstraction and salinisation in coastal areas (Arnell, 1999).

Heat wave duration

What is it?  
Generally speaking, a heat wave is a period characterized by extremely hot weather which may be accompanied by high humidity. Here, the heat wave duration index is defined as the maximum number of consecutive days during the year when the daily maximum temperature exceeded 30°C (the 95th percentile for the period 1971-2000).
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Figure 3: Maximum heat wave duration in an E-OBS grid-cell in north-east Tuscany (Florence), 1951-2006
What does this show?  
In the last 55 years, heat waves have steadily increased in duration (Figure 3) and frequency (not shown). The increasing linear trend is statistically significant for over 90% of the region and ranges from 0.5 to 3 days per decade. Since 1951, the duration of heat waves has been extended by almost 10 days, and the longest events have occurred since 1990.  
Why is this important?  
Prolonged high temperatures may cause considerable disruption of human activities with negative social, economic and environmental effects. Due to global warming, it is expected that heat waves will become more intense, longer lasting, and more frequent (e.g., Karl and Trenberth, 2003). In Tuscany, agriculture and forestry are probably the most vulnerable sectors, since there is a close relationship between temperature and crop yields, livestock, biodiversity, and fire-risk. For example, according to the CIA (Italian Farmer League), the 2003 heat wave was accompanied by severe losses in agriculture with respect to 2002, especially in cereals (loss of 30-100%), olive tree cultivation (80% loss in the Province of Florence, 60% in Lucca and 50% in Pisa and Arezzo) and livestock production due to a lack of forage. In 2003, there was a marked deterioration in the quality of Tuscan wine (http://www.cia.it/nuovaagricoltura/09082003.htm). Prolonged outdoor human activities are ill-advised during heat waves, and there are negative repercussions for the tourism sector due to the increased costs of air-conditioning.

3. Risks of current climate hazards
An increase in surface temperature, summer droughts and extreme events (such as dry spells, heat waves, and storms) are the main climate threats for Tuscany and are expected to have direct impacts on agricultural production, water resources, the rural economy, human health, natural ecosystems, tourism and forest fire risks. In particular, climate warming presents a threat to the main agricultural crops, such as olives and grapevines through its effect on fundamental physiological processes. Changes in temperature and precipitation in Tuscany may increase management costs and reduce yields of traditional local crops and livestock production.
Rural tourism, which now represents one of the main sources of income for many farmers in 

Tuscany, may also be negatively affected. A reduction in water availability could limit activities and increase sectoral competition for water resources. 
A spatial analysis of observed changes in the selected climate indicators (Table 1) was performed on the basis of forty-two 25km grid cells from the E-OBS database covering the study area. For each indicator, the long-term average (1971-2000) was used as the critical threshold for determining the hazard. The likelihood of occurrence was based on the proportion of years in which the threshold was exceeded, calculated for the two most recent decades (1986-2006).
Table 1: Change in the climate indicators (hazards) for Tuscany
	Climate Indicator (hazard)
	Change
	Region


	Time period
	Likelihood§

	Maximum air temperature 
	Increases, especially in spring and summer 
	Entire region, but more so in the eastern hilly area of Tuscany 
	1951-2006
	Likely

	Minimum air temperature
	Increases, especially in summer and autumn 
	Entire region, but more so in northern parts
	1951-2006
	Likely

	Mean air temperature
	Increases, especially in summer 
	Entire region
	1951-2006
	Likely

	Precipitation
	Significant decreasing trends during winter
	Over 80% of the region, mostly in the central part of Tuscany
	1951-2006
	Likely

	Heat wave duration
	Increase of up to 2.8 days per decade
	Over 90% of the study area 
	1951-2006
	As likely as not

	Hot days/nights
	Increase of up to 6 days/nights per decade and more for nights than for days
	Entire region, with highest increases in the central areas and along the Arno river valley
	1951-2006
	Likely

	Dry spell
	No significant trends
	The whole region
	1951-2006
	As likely as not


§ The terminology for likelihood of occurrence is based on the standard terms used in the IPCC 2007 report: Virtually certain > 99% probability; Extremely likely > 95% probability; Very likely > 90% probability; Likely > 66% probability; More likely than not > 50% probability; About as likely as not 33 to 66% probability; Unlikely < 33% probability; Very unlikely < 10% probability; Extremely unlikely < 5% probability; Exceptionally unlikely < 1% probability
4. Integrating case study themes

The Tuscany case study is primarily concerned with climate change impacts on agriculture, the rural economy and tourism. Adaptation strategies for agriculture and natural ecosystems and the role that agriculture and forestry can play in climate change mitigation will also be assessed. In particular, the impact of climate on crop yields will be studied in terms of quality and quantity. Adaptation strategies for coping with climate change, such as the use of different crop varieties or changes in sowing dates, will also be identified. Key issues in forestry concern tree growth, pest or disease outbreaks and fire risk. The impacts of climate change on rural tourism will be also investigated, and will include interactions with other sectors such as agriculture. The cultivation of Mediterranean crops such as olive groves and vineyards make a significant contribution to the beauty of the Tuscan landscape.
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		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.6		17.3		-27.7		630.3		13

		1951		-0.4		17.5		7.9		940.8		5

		1952		-0.5		17.4		-11.2		774.6		10

		1953		-0.7		17.2		-22.7		674.3		5

		1954		-1.5		16.4		-23.2		670		0

		1955		-1.1		16.8		-18.4		711.5		4

		1956		-2		15.9		-27.5		632.4		4

		1957		-0.7		17.2		-19.3		704.3		9

		1958		-0.4		17.5		-4.5		833.1		7

		1959		-0.2		17.7		22.2		1065.9		5

		1960		-0.7		17.2		49.8		1306.2		5

		1961		0.6		18.5		-4.6		832.1		7

		1962		-1		16.9		-6.6		814.3		7

		1963		-1.4		16.5		18.2		1030.7		3

		1964		-0.7		17.2		17.6		1025.9		7

		1965		-1.1		16.8		17.4		1023.9		5

		1966		-0.7		17.2		25		1090.1		5

		1967		0.3		18.2		-17.9		716.5		14

		1968		-0.8		17.1		20.4		1049.8		4

		1969		-1		16.9		2.3		892.2		6

		1970		-0.7		17.2		-4.7		831.6		4

		1971		-0.5		17.4		-24.7		656.6		14

		1972		-0.9		17		20.2		1048.8		7

		1973		0		17.9		-11.5		771.7		8

		1974		0		17.9		-21.8		682.2		10

		1975		-0.4		17.5		-9.1		792.9		7

		1976		-0.9		17		29.9		1132.9		3

		1977		-0.2		17.7		-3		845.9		3

		1978		-1		16.9		19		1037.6		0

		1979		-0.7		17.2		31.4		1146		11

		1980		-1.3		16.6		18.6		1034.7		7

		1981		-0.3		17.6		8.5		946.6		9

		1982		0.2		18.1		10.5		963.6		16

		1983		0.4		18.3		-16.1		731.9		18

		1984		-1.4		16.5		31.4		1146.1		5

		1985		-0.4		17.5		-16.9		725.2		9

		1986		-0.8		17.1		1.2		882.6		4

		1987		-0.6		17.3		11.4		971.5		3

		1988		0.1		18		-30.1		609.3		15

		1989		-0.3		17.6		-11.6		771.1		7

		1990		0.2		18.1		-21.6		683.4		3

		1991		-0.2		17.7		-1.8		856.5		17

		1992		0.6		18.5		14.8		1001.6		23

		1993		0.8		18.7		-6.9		811.6		17

		1994		1.2		19.1		-13.7		752.8		32

		1995		0		17.9		3.2		900.2		10

		1996		-0.1		17.8		13.4		989		6

		1997		1.3		19.2		-10.7		778.7		10

		1998		0.9		18.8		-19.9		698.9		19

		1999		0.9		18.8		8.9		949.7		10

		2000		1.9		19.8		-2.9		846.8		18

		2001		0.7		18.6		-31.8		594.5		10

		2002		0.4		18.3		-26.2		643.5		11

		2003		1.4		19.3		-37.2		547.7		29

		2004		0.2		18.1		-20.3		695		8

		2005		-0.4		17.5		-23.8		664.9		9

		2006		0.8		18.7		-46.4		467.2		15
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		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		18.9		-5.6		636.8		15

		1951		0.2		19.3		-0.1		673.8		8

		1952		0.2		19.3		-21.3		530.5		13

		1953		0.1		19.2		-17.5		556.7		8

		1954		-0.6		18.5		-17		559.9		2

		1955		0.2		19.3		-14.2		578.4		9

		1956		-1.2		17.9		0		674.5		5

		1957		0.1		19.2		-15.9		567		11

		1958		0.3		19.4		-18.2		551.7		9

		1959		-0.2		18.9		9.3		737.1		4

		1960		-0.5		18.6		42.3		959.8		4

		1961		0.4		19.5		-8.2		619.2		8

		1962		-0.5		18.6		4.6		705.6		9

		1963		-1		18.1		0.3		676.5		6

		1964		-0.4		18.7		20.6		813.1		9

		1965		-0.9		18.2		-16.5		563		6

		1966		-0.6		18.5		15.4		778.2		5

		1967		0.1		19.2		-13.4		584.2		11

		1968		-0.5		18.6		4		701.6		6

		1969		-0.6		18.5		9.3		737.1		10

		1970		0.1		19.2		-19.4		543.6		14

		1971		0		19.1		-11.5		596.7		28

		1972		-0.7		18.4		13		761.8		6

		1973		0.1		19.2		-28.1		485		19

		1974		-0.3		18.8		-18.9		546.7		11

		1975		-0.2		18.9		2.8		693.1		10

		1976		-0.7		18.4		30.3		878.5		4

		1977		-0.4		18.7		-9.2		612.4		0

		1978		-0.7		18.4		7.1		722.6		3

		1979		-0.4		18.7		35.4		913.1		13

		1980		-1.1		18		18.9		801.7		8

		1981		-0.5		18.6		-2.4		658.1		9

		1982		0.4		19.5		18.8		801		10

		1983		0		19.1		1.1		681.9		18

		1984		-1.3		17.8		21.5		819.2		4

		1985		0.1		19.2		-20.4		536.6		18

		1986		0		19.1		6.4		717.5		24

		1987		0.1		19.2		23.1		830.1		9

		1988		0.5		19.6		-21.4		529.9		15

		1989		0.3		19.4		-16.1		565.5		11

		1990		0.4		19.5		-4.6		643.5		5

		1991		-0.5		18.6		-7.1		626.6		15

		1992		0.3		19.4		-4.4		644.4		19

		1993		0.1		19.2		-7.2		626.1		16

		1994		1		20.1		-23.5		515.7		34

		1995		0.1		19.2		-13.5		583.5		17

		1996		-0.2		18.9		17.6		793.1		6

		1997		1		20.1		1.3		682.9		9

		1998		0.6		19.7		-5.9		634.4		33

		1999		0.9		20		8.7		732.8		11

		2000		1.4		20.5		-11.6		596.4		23

		2001		1.3		20.4		-38.6		414.1		18

		2002		1.2		20.3		-23.4		516.4		17

		2003		2.1		21.2		-39.1		411		57

		2004		0.8		19.9		-13.4		583.8		12

		2005		0.1		19.2		-10		606.7		10

		2006		1.2		20.3		-25.1		505.4		25
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		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		19.7		-29.7		582.2		36

		1951		0		19.9		5		869.3		9

		1952		-0.3		19.6		21		1001		17

		1953		0		19.9		-12.6		723.4		7

		1954		-1		18.9		-12.1		727.5		3

		1955		0		19.9		13.4		938.9		5

		1956		-1.4		18.5		-10.8		738.2		4

		1957		0		19.9		-19.8		664.1		11

		1958		0.1		20		-26.2		610.6		5

		1959		0.1		20		4.5		865.1		5

		1960		-0.6		19.3		52.7		1263.7		2

		1961		0.5		20.4		-3.3		800.4		8

		1962		-0.7		19.2		-21		654.1		5

		1963		-0.9		19		11.9		926.4		13

		1964		0.1		20		4.3		862.8		19

		1965		-0.9		19		12.5		931.3		7

		1966		-0.4		19.5		25.4		1037.5		5

		1967		0		19.9		-22.1		644.4		8

		1968		-0.7		19.2		-3.2		801.2		12

		1969		-0.6		19.3		5.2		870.4		13

		1970		0		19.9		-12.9		720.9		13

		1971		0.3		20.2		-6.6		772.9		28

		1972		-0.2		19.7		-6.5		773.8		7

		1973		0.6		20.5		-27.5		600.4		21

		1974		0		19.9		-24.3		626.9		14

		1975		0.1		20		14.3		945.7		12

		1976		-0.3		19.6		28.3		1062.1		4

		1977		-0.6		19.3		4.7		866.7		2

		1978		-0.9		19		2.9		851.8		3

		1979		-0.4		19.5		26.5		1047.2		13

		1980		-1.6		18.3		-9		752.9		7

		1981		-0.6		19.3		-15		703.3		9

		1982		0.5		20.4		-11.4		732.9		18

		1983		0.1		20		-25.1		619.8		19

		1984		-1.1		18.8		14.6		948.1		5

		1985		-0.4		19.5		-18.1		677.7		9

		1986		-0.2		19.7		6.1		877.7		17

		1987		-0.2		19.7		13.8		942.2		9

		1988		0.3		20.2		-6.6		773.1		15

		1989		0.5		20.4		-1.3		817.1		12

		1990		0.7		20.6		39.1		1151.1		7

		1991		-0.2		19.7		70.7		1413.1		15

		1992		0.4		20.3		14.3		946.3		24

		1993		-0.2		19.7		-16.5		691.3		14

		1994		0.5		20.4		-23.3		634.5		21

		1995		-0.1		19.8		-5.8		779.4		23

		1996		-0.3		19.6		12.9		934.4		4

		1997		0.7		20.6		-21.1		653.1		8

		1998		0.3		20.2		-28		595.8		30

		1999		0.6		20.5		-7.5		765.9		13

		2000		0.6		20.5		5.1		869.8		17

		2001		1.2		21.1		-32.4		559.3		20

		2002		0.9		20.8		-11.9		728.8		15

		2003		1.8		21.7		-41.9		481.2		57

		2004		0.8		20.7		-26		612.2		12

		2005		0.1		20		-27.3		601.5		18

		2006		1.2		21.1		-51.8		398.8		25
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Max. annual temp. anomalies (°C)

Maximum annual temperature (°C)



		



10-year running mean

Annual precipitation anomalies (%)

Annual precipitation (mm)



		



10-year running mean

Heat Waves duration (days)



		year		Tx_ann		Pr_ann		HW_Max

		1950		-0.5		-19.5		13

		1951		0		7		6

		1952		-0.1		0.5		13

		1953		-0.2		-16.6		5

		1954		-1		-17.2		0

		1955		-0.3		-9.5		6

		1956		-1.6		-12.7		4

		1957		-0.2		-14.6		10

		1958		0		-15.9		7

		1959		-0.2		11.7		4

		1960		-0.6		50.6		4

		1961		0.4		-5.8		8

		1962		-0.8		-5.2		6

		1963		-1.2		9.5		2

		1964		-0.3		13.2		7

		1965		-1		4		5

		1966		-0.8		18.2		5

		1967		0.1		-17.4		11

		1968		-0.7		11		6

		1969		-0.7		4.3		13

		1970		-0.3		-12.2		5

		1971		-0.1		-18.8		27

		1972		-0.6		6.9		6

		1973		0.3		-27.3		19

		1974		-0.2		-22.7		11

		1975		-0.2		1.7		7

		1976		-0.7		29.8		3

		1977		-0.5		-2.6		0

		1978		-0.9		15		2

		1979		-0.5		32.5		13

		1980		-1.2		13.4		7

		1981		-0.5		4.7		9

		1982		0.5		12		17

		1983		0.1		-8.4		18

		1984		-1.2		24.9		5

		1985		-0.1		-17.6		18

		1986		-0.3		7.5		15

		1987		-0.1		14.9		6

		1988		0.3		-18		15

		1989		0.1		-10.8		10

		1990		0.3		-7		5

		1991		-0.4		10.5		15

		1992		0.2		12.9		18

		1993		0		-6.1		15

		1994		0.8		-20.4		21

		1995		-0.1		-5.6		10

		1996		-0.1		12.7		5

		1997		1.1		-10.7		8

		1998		0.6		-16.5		31

		1999		0.8		-0.2		11

		2000		1.2		-6.4		18

		2001		1		-36.4		18

		2002		0.8		-27.8		12

		2003		1.8		-40.6		30

		2004		0.6		-21.7		11

		2005		0		-20.6		9

		2006		1.1		-41.9		16
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Firenze_11.38_43.88

		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.6		17.3		-27.7		630.3		13

		1951		-0.4		17.5		7.9		940.8		5

		1952		-0.5		17.4		-11.2		774.6		10

		1953		-0.7		17.2		-22.7		674.3		5

		1954		-1.5		16.4		-23.2		670		0

		1955		-1.1		16.8		-18.4		711.5		4

		1956		-2		15.9		-27.5		632.4		4

		1957		-0.7		17.2		-19.3		704.3		9

		1958		-0.4		17.5		-4.5		833.1		7

		1959		-0.2		17.7		22.2		1065.9		5

		1960		-0.7		17.2		49.8		1306.2		5

		1961		0.6		18.5		-4.6		832.1		7

		1962		-1		16.9		-6.6		814.3		7

		1963		-1.4		16.5		18.2		1030.7		3

		1964		-0.7		17.2		17.6		1025.9		7

		1965		-1.1		16.8		17.4		1023.9		5

		1966		-0.7		17.2		25		1090.1		5

		1967		0.3		18.2		-17.9		716.5		14

		1968		-0.8		17.1		20.4		1049.8		4

		1969		-1		16.9		2.3		892.2		6

		1970		-0.7		17.2		-4.7		831.6		4

		1971		-0.5		17.4		-24.7		656.6		14

		1972		-0.9		17		20.2		1048.8		7

		1973		0		17.9		-11.5		771.7		8

		1974		0		17.9		-21.8		682.2		10

		1975		-0.4		17.5		-9.1		792.9		7

		1976		-0.9		17		29.9		1132.9		3

		1977		-0.2		17.7		-3		845.9		3

		1978		-1		16.9		19		1037.6		0

		1979		-0.7		17.2		31.4		1146		11

		1980		-1.3		16.6		18.6		1034.7		7

		1981		-0.3		17.6		8.5		946.6		9

		1982		0.2		18.1		10.5		963.6		16

		1983		0.4		18.3		-16.1		731.9		18

		1984		-1.4		16.5		31.4		1146.1		5

		1985		-0.4		17.5		-16.9		725.2		9

		1986		-0.8		17.1		1.2		882.6		4

		1987		-0.6		17.3		11.4		971.5		3

		1988		0.1		18		-30.1		609.3		15

		1989		-0.3		17.6		-11.6		771.1		7

		1990		0.2		18.1		-21.6		683.4		3

		1991		-0.2		17.7		-1.8		856.5		17

		1992		0.6		18.5		14.8		1001.6		23

		1993		0.8		18.7		-6.9		811.6		17

		1994		1.2		19.1		-13.7		752.8		32

		1995		0		17.9		3.2		900.2		10

		1996		-0.1		17.8		13.4		989		6

		1997		1.3		19.2		-10.7		778.7		10

		1998		0.9		18.8		-19.9		698.9		19

		1999		0.9		18.8		8.9		949.7		10

		2000		1.9		19.8		-2.9		846.8		18

		2001		0.7		18.6		-31.8		594.5		10

		2002		0.4		18.3		-26.2		643.5		11

		2003		1.4		19.3		-37.2		547.7		29

		2004		0.2		18.1		-20.3		695		8

		2005		-0.4		17.5		-23.8		664.9		9

		2006		0.8		18.7		-46.4		467.2		15
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10-year running mean

Heat Waves duration (days)



Siena_43.38_11.12

		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		18.9		-5.6		636.8		15

		1951		0.2		19.3		-0.1		673.8		8

		1952		0.2		19.3		-21.3		530.5		13

		1953		0.1		19.2		-17.5		556.7		8

		1954		-0.6		18.5		-17		559.9		2

		1955		0.2		19.3		-14.2		578.4		9

		1956		-1.2		17.9		0		674.5		5

		1957		0.1		19.2		-15.9		567		11

		1958		0.3		19.4		-18.2		551.7		9

		1959		-0.2		18.9		9.3		737.1		4

		1960		-0.5		18.6		42.3		959.8		4

		1961		0.4		19.5		-8.2		619.2		8

		1962		-0.5		18.6		4.6		705.6		9

		1963		-1		18.1		0.3		676.5		6

		1964		-0.4		18.7		20.6		813.1		9

		1965		-0.9		18.2		-16.5		563		6

		1966		-0.6		18.5		15.4		778.2		5

		1967		0.1		19.2		-13.4		584.2		11

		1968		-0.5		18.6		4		701.6		6

		1969		-0.6		18.5		9.3		737.1		10

		1970		0.1		19.2		-19.4		543.6		14

		1971		0		19.1		-11.5		596.7		28

		1972		-0.7		18.4		13		761.8		6

		1973		0.1		19.2		-28.1		485		19

		1974		-0.3		18.8		-18.9		546.7		11

		1975		-0.2		18.9		2.8		693.1		10

		1976		-0.7		18.4		30.3		878.5		4

		1977		-0.4		18.7		-9.2		612.4		0

		1978		-0.7		18.4		7.1		722.6		3

		1979		-0.4		18.7		35.4		913.1		13

		1980		-1.1		18		18.9		801.7		8

		1981		-0.5		18.6		-2.4		658.1		9

		1982		0.4		19.5		18.8		801		10

		1983		0		19.1		1.1		681.9		18

		1984		-1.3		17.8		21.5		819.2		4

		1985		0.1		19.2		-20.4		536.6		18

		1986		0		19.1		6.4		717.5		24

		1987		0.1		19.2		23.1		830.1		9

		1988		0.5		19.6		-21.4		529.9		15

		1989		0.3		19.4		-16.1		565.5		11

		1990		0.4		19.5		-4.6		643.5		5

		1991		-0.5		18.6		-7.1		626.6		15

		1992		0.3		19.4		-4.4		644.4		19

		1993		0.1		19.2		-7.2		626.1		16

		1994		1		20.1		-23.5		515.7		34

		1995		0.1		19.2		-13.5		583.5		17

		1996		-0.2		18.9		17.6		793.1		6

		1997		1		20.1		1.3		682.9		9

		1998		0.6		19.7		-5.9		634.4		33

		1999		0.9		20		8.7		732.8		11

		2000		1.4		20.5		-11.6		596.4		23

		2001		1.3		20.4		-38.6		414.1		18

		2002		1.2		20.3		-23.4		516.4		17

		2003		2.1		21.2		-39.1		411		57

		2004		0.8		19.9		-13.4		583.8		12

		2005		0.1		19.2		-10		606.7		10

		2006		1.2		20.3		-25.1		505.4		25
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10-year running mean

Heat Waves duration (days)



		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		19.7		-29.7		582.2		36

		1951		0		19.9		5		869.3		9

		1952		-0.3		19.6		21		1001		17

		1953		0		19.9		-12.6		723.4		7

		1954		-1		18.9		-12.1		727.5		3

		1955		0		19.9		13.4		938.9		5

		1956		-1.4		18.5		-10.8		738.2		4

		1957		0		19.9		-19.8		664.1		11

		1958		0.1		20		-26.2		610.6		5

		1959		0.1		20		4.5		865.1		5

		1960		-0.6		19.3		52.7		1263.7		2

		1961		0.5		20.4		-3.3		800.4		8

		1962		-0.7		19.2		-21		654.1		5

		1963		-0.9		19		11.9		926.4		13

		1964		0.1		20		4.3		862.8		19

		1965		-0.9		19		12.5		931.3		7

		1966		-0.4		19.5		25.4		1037.5		5

		1967		0		19.9		-22.1		644.4		8

		1968		-0.7		19.2		-3.2		801.2		12

		1969		-0.6		19.3		5.2		870.4		13

		1970		0		19.9		-12.9		720.9		13

		1971		0.3		20.2		-6.6		772.9		28

		1972		-0.2		19.7		-6.5		773.8		7

		1973		0.6		20.5		-27.5		600.4		21

		1974		0		19.9		-24.3		626.9		14

		1975		0.1		20		14.3		945.7		12

		1976		-0.3		19.6		28.3		1062.1		4

		1977		-0.6		19.3		4.7		866.7		2

		1978		-0.9		19		2.9		851.8		3

		1979		-0.4		19.5		26.5		1047.2		13

		1980		-1.6		18.3		-9		752.9		7

		1981		-0.6		19.3		-15		703.3		9

		1982		0.5		20.4		-11.4		732.9		18

		1983		0.1		20		-25.1		619.8		19

		1984		-1.1		18.8		14.6		948.1		5

		1985		-0.4		19.5		-18.1		677.7		9

		1986		-0.2		19.7		6.1		877.7		17

		1987		-0.2		19.7		13.8		942.2		9

		1988		0.3		20.2		-6.6		773.1		15

		1989		0.5		20.4		-1.3		817.1		12

		1990		0.7		20.6		39.1		1151.1		7

		1991		-0.2		19.7		70.7		1413.1		15

		1992		0.4		20.3		14.3		946.3		24

		1993		-0.2		19.7		-16.5		691.3		14

		1994		0.5		20.4		-23.3		634.5		21

		1995		-0.1		19.8		-5.8		779.4		23

		1996		-0.3		19.6		12.9		934.4		4

		1997		0.7		20.6		-21.1		653.1		8

		1998		0.3		20.2		-28		595.8		30

		1999		0.6		20.5		-7.5		765.9		13

		2000		0.6		20.5		5.1		869.8		17

		2001		1.2		21.1		-32.4		559.3		20

		2002		0.9		20.8		-11.9		728.8		15

		2003		1.8		21.7		-41.9		481.2		57

		2004		0.8		20.7		-26		612.2		12

		2005		0.1		20		-27.3		601.5		18

		2006		1.2		21.1		-51.8		398.8		25
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10-year running mean

Annual precipitation anomalies (%)

Annual precipitation (mm)



		



10-year running mean

Heat Waves duration (days)



		year		Tx_ann		Pr_ann		HW_Max

		1950		-0.5		-19.5		13

		1951		0		7		6

		1952		-0.1		0.5		13

		1953		-0.2		-16.6		5

		1954		-1		-17.2		0

		1955		-0.3		-9.5		6

		1956		-1.6		-12.7		4

		1957		-0.2		-14.6		10

		1958		0		-15.9		7

		1959		-0.2		11.7		4

		1960		-0.6		50.6		4

		1961		0.4		-5.8		8

		1962		-0.8		-5.2		6

		1963		-1.2		9.5		2

		1964		-0.3		13.2		7

		1965		-1		4		5

		1966		-0.8		18.2		5

		1967		0.1		-17.4		11

		1968		-0.7		11		6

		1969		-0.7		4.3		13

		1970		-0.3		-12.2		5

		1971		-0.1		-18.8		27

		1972		-0.6		6.9		6

		1973		0.3		-27.3		19

		1974		-0.2		-22.7		11

		1975		-0.2		1.7		7

		1976		-0.7		29.8		3

		1977		-0.5		-2.6		0

		1978		-0.9		15		2

		1979		-0.5		32.5		13

		1980		-1.2		13.4		7

		1981		-0.5		4.7		9

		1982		0.5		12		17

		1983		0.1		-8.4		18

		1984		-1.2		24.9		5

		1985		-0.1		-17.6		18

		1986		-0.3		7.5		15

		1987		-0.1		14.9		6

		1988		0.3		-18		15

		1989		0.1		-10.8		10

		1990		0.3		-7		5

		1991		-0.4		10.5		15

		1992		0.2		12.9		18

		1993		0		-6.1		15

		1994		0.8		-20.4		21

		1995		-0.1		-5.6		10

		1996		-0.1		12.7		5

		1997		1.1		-10.7		8

		1998		0.6		-16.5		31

		1999		0.8		-0.2		11

		2000		1.2		-6.4		18

		2001		1		-36.4		18

		2002		0.8		-27.8		12

		2003		1.8		-40.6		30

		2004		0.6		-21.7		11

		2005		0		-20.6		9

		2006		1.1		-41.9		16
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Firenze_11.38_43.88

		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.6		17.3		-27.7		630.3		13

		1951		-0.4		17.5		7.9		940.8		5

		1952		-0.5		17.4		-11.2		774.6		10

		1953		-0.7		17.2		-22.7		674.3		5

		1954		-1.5		16.4		-23.2		670		0

		1955		-1.1		16.8		-18.4		711.5		4

		1956		-2		15.9		-27.5		632.4		4

		1957		-0.7		17.2		-19.3		704.3		9

		1958		-0.4		17.5		-4.5		833.1		7

		1959		-0.2		17.7		22.2		1065.9		5

		1960		-0.7		17.2		49.8		1306.2		5

		1961		0.6		18.5		-4.6		832.1		7

		1962		-1		16.9		-6.6		814.3		7

		1963		-1.4		16.5		18.2		1030.7		3

		1964		-0.7		17.2		17.6		1025.9		7

		1965		-1.1		16.8		17.4		1023.9		5

		1966		-0.7		17.2		25		1090.1		5

		1967		0.3		18.2		-17.9		716.5		14

		1968		-0.8		17.1		20.4		1049.8		4

		1969		-1		16.9		2.3		892.2		6

		1970		-0.7		17.2		-4.7		831.6		4

		1971		-0.5		17.4		-24.7		656.6		14

		1972		-0.9		17		20.2		1048.8		7

		1973		0		17.9		-11.5		771.7		8

		1974		0		17.9		-21.8		682.2		10

		1975		-0.4		17.5		-9.1		792.9		7

		1976		-0.9		17		29.9		1132.9		3

		1977		-0.2		17.7		-3		845.9		3

		1978		-1		16.9		19		1037.6		0

		1979		-0.7		17.2		31.4		1146		11

		1980		-1.3		16.6		18.6		1034.7		7

		1981		-0.3		17.6		8.5		946.6		9

		1982		0.2		18.1		10.5		963.6		16

		1983		0.4		18.3		-16.1		731.9		18

		1984		-1.4		16.5		31.4		1146.1		5

		1985		-0.4		17.5		-16.9		725.2		9

		1986		-0.8		17.1		1.2		882.6		4

		1987		-0.6		17.3		11.4		971.5		3

		1988		0.1		18		-30.1		609.3		15

		1989		-0.3		17.6		-11.6		771.1		7

		1990		0.2		18.1		-21.6		683.4		3

		1991		-0.2		17.7		-1.8		856.5		17

		1992		0.6		18.5		14.8		1001.6		23

		1993		0.8		18.7		-6.9		811.6		17

		1994		1.2		19.1		-13.7		752.8		32

		1995		0		17.9		3.2		900.2		10

		1996		-0.1		17.8		13.4		989		6

		1997		1.3		19.2		-10.7		778.7		10

		1998		0.9		18.8		-19.9		698.9		19

		1999		0.9		18.8		8.9		949.7		10

		2000		1.9		19.8		-2.9		846.8		18

		2001		0.7		18.6		-31.8		594.5		10

		2002		0.4		18.3		-26.2		643.5		11

		2003		1.4		19.3		-37.2		547.7		29

		2004		0.2		18.1		-20.3		695		8

		2005		-0.4		17.5		-23.8		664.9		9

		2006		0.8		18.7		-46.4		467.2		15
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10-year running mean

Annual precipitation anomalies (%)

Annual precipitation (mm)
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10-year running mean

Heat Waves duration (days)



Siena_43.38_11.12

		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		18.9		-5.6		636.8		15

		1951		0.2		19.3		-0.1		673.8		8

		1952		0.2		19.3		-21.3		530.5		13

		1953		0.1		19.2		-17.5		556.7		8

		1954		-0.6		18.5		-17		559.9		2

		1955		0.2		19.3		-14.2		578.4		9

		1956		-1.2		17.9		0		674.5		5

		1957		0.1		19.2		-15.9		567		11

		1958		0.3		19.4		-18.2		551.7		9

		1959		-0.2		18.9		9.3		737.1		4

		1960		-0.5		18.6		42.3		959.8		4

		1961		0.4		19.5		-8.2		619.2		8

		1962		-0.5		18.6		4.6		705.6		9

		1963		-1		18.1		0.3		676.5		6

		1964		-0.4		18.7		20.6		813.1		9

		1965		-0.9		18.2		-16.5		563		6

		1966		-0.6		18.5		15.4		778.2		5

		1967		0.1		19.2		-13.4		584.2		11

		1968		-0.5		18.6		4		701.6		6

		1969		-0.6		18.5		9.3		737.1		10

		1970		0.1		19.2		-19.4		543.6		14

		1971		0		19.1		-11.5		596.7		28

		1972		-0.7		18.4		13		761.8		6

		1973		0.1		19.2		-28.1		485		19

		1974		-0.3		18.8		-18.9		546.7		11

		1975		-0.2		18.9		2.8		693.1		10

		1976		-0.7		18.4		30.3		878.5		4

		1977		-0.4		18.7		-9.2		612.4		0

		1978		-0.7		18.4		7.1		722.6		3

		1979		-0.4		18.7		35.4		913.1		13

		1980		-1.1		18		18.9		801.7		8

		1981		-0.5		18.6		-2.4		658.1		9

		1982		0.4		19.5		18.8		801		10

		1983		0		19.1		1.1		681.9		18

		1984		-1.3		17.8		21.5		819.2		4

		1985		0.1		19.2		-20.4		536.6		18

		1986		0		19.1		6.4		717.5		24

		1987		0.1		19.2		23.1		830.1		9

		1988		0.5		19.6		-21.4		529.9		15

		1989		0.3		19.4		-16.1		565.5		11

		1990		0.4		19.5		-4.6		643.5		5

		1991		-0.5		18.6		-7.1		626.6		15

		1992		0.3		19.4		-4.4		644.4		19

		1993		0.1		19.2		-7.2		626.1		16

		1994		1		20.1		-23.5		515.7		34

		1995		0.1		19.2		-13.5		583.5		17

		1996		-0.2		18.9		17.6		793.1		6

		1997		1		20.1		1.3		682.9		9

		1998		0.6		19.7		-5.9		634.4		33

		1999		0.9		20		8.7		732.8		11

		2000		1.4		20.5		-11.6		596.4		23

		2001		1.3		20.4		-38.6		414.1		18

		2002		1.2		20.3		-23.4		516.4		17

		2003		2.1		21.2		-39.1		411		57

		2004		0.8		19.9		-13.4		583.8		12

		2005		0.1		19.2		-10		606.7		10

		2006		1.2		20.3		-25.1		505.4		25
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10-year running mean

Annual precipitation anomalies (%)

Annual precipitation (mm)



		



10-year running mean

Heat Waves duration (days)



		year		Dev_Tx_year		Tx_year		Dev_Pr_year_(%)		Prcp_yearly_(mm)		HW_Max_duration_(days)

		1950		-0.2		19.7		-29.7		582.2		36

		1951		0		19.9		5		869.3		9

		1952		-0.3		19.6		21		1001		17

		1953		0		19.9		-12.6		723.4		7

		1954		-1		18.9		-12.1		727.5		3

		1955		0		19.9		13.4		938.9		5

		1956		-1.4		18.5		-10.8		738.2		4

		1957		0		19.9		-19.8		664.1		11

		1958		0.1		20		-26.2		610.6		5

		1959		0.1		20		4.5		865.1		5

		1960		-0.6		19.3		52.7		1263.7		2

		1961		0.5		20.4		-3.3		800.4		8

		1962		-0.7		19.2		-21		654.1		5

		1963		-0.9		19		11.9		926.4		13

		1964		0.1		20		4.3		862.8		19

		1965		-0.9		19		12.5		931.3		7

		1966		-0.4		19.5		25.4		1037.5		5

		1967		0		19.9		-22.1		644.4		8

		1968		-0.7		19.2		-3.2		801.2		12

		1969		-0.6		19.3		5.2		870.4		13

		1970		0		19.9		-12.9		720.9		13

		1971		0.3		20.2		-6.6		772.9		28

		1972		-0.2		19.7		-6.5		773.8		7

		1973		0.6		20.5		-27.5		600.4		21

		1974		0		19.9		-24.3		626.9		14

		1975		0.1		20		14.3		945.7		12

		1976		-0.3		19.6		28.3		1062.1		4

		1977		-0.6		19.3		4.7		866.7		2

		1978		-0.9		19		2.9		851.8		3

		1979		-0.4		19.5		26.5		1047.2		13

		1980		-1.6		18.3		-9		752.9		7

		1981		-0.6		19.3		-15		703.3		9

		1982		0.5		20.4		-11.4		732.9		18

		1983		0.1		20		-25.1		619.8		19

		1984		-1.1		18.8		14.6		948.1		5

		1985		-0.4		19.5		-18.1		677.7		9

		1986		-0.2		19.7		6.1		877.7		17

		1987		-0.2		19.7		13.8		942.2		9

		1988		0.3		20.2		-6.6		773.1		15

		1989		0.5		20.4		-1.3		817.1		12

		1990		0.7		20.6		39.1		1151.1		7

		1991		-0.2		19.7		70.7		1413.1		15

		1992		0.4		20.3		14.3		946.3		24

		1993		-0.2		19.7		-16.5		691.3		14

		1994		0.5		20.4		-23.3		634.5		21

		1995		-0.1		19.8		-5.8		779.4		23

		1996		-0.3		19.6		12.9		934.4		4

		1997		0.7		20.6		-21.1		653.1		8

		1998		0.3		20.2		-28		595.8		30

		1999		0.6		20.5		-7.5		765.9		13

		2000		0.6		20.5		5.1		869.8		17

		2001		1.2		21.1		-32.4		559.3		20

		2002		0.9		20.8		-11.9		728.8		15

		2003		1.8		21.7		-41.9		481.2		57

		2004		0.8		20.7		-26		612.2		12

		2005		0.1		20		-27.3		601.5		18

		2006		1.2		21.1		-51.8		398.8		25
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10-year running mean

Annual precipitation anomalies (%)

Annual precipitation (mm)



		



10-year running mean

Heat Waves duration (days)



		year		Tx_ann		Pr_ann		HW_Max

		1950		-0.5		-19.5		13

		1951		0		7		6

		1952		-0.1		0.5		13

		1953		-0.2		-16.6		5

		1954		-1		-17.2		0

		1955		-0.3		-9.5		6

		1956		-1.6		-12.7		4

		1957		-0.2		-14.6		10

		1958		0		-15.9		7

		1959		-0.2		11.7		4

		1960		-0.6		50.6		4

		1961		0.4		-5.8		8

		1962		-0.8		-5.2		6

		1963		-1.2		9.5		2

		1964		-0.3		13.2		7

		1965		-1		4		5

		1966		-0.8		18.2		5

		1967		0.1		-17.4		11

		1968		-0.7		11		6

		1969		-0.7		4.3		13

		1970		-0.3		-12.2		5

		1971		-0.1		-18.8		27

		1972		-0.6		6.9		6

		1973		0.3		-27.3		19

		1974		-0.2		-22.7		11

		1975		-0.2		1.7		7

		1976		-0.7		29.8		3

		1977		-0.5		-2.6		0

		1978		-0.9		15		2

		1979		-0.5		32.5		13

		1980		-1.2		13.4		7

		1981		-0.5		4.7		9

		1982		0.5		12		17

		1983		0.1		-8.4		18

		1984		-1.2		24.9		5

		1985		-0.1		-17.6		18

		1986		-0.3		7.5		15

		1987		-0.1		14.9		6

		1988		0.3		-18		15

		1989		0.1		-10.8		10

		1990		0.3		-7		5

		1991		-0.4		10.5		15

		1992		0.2		12.9		18

		1993		0		-6.1		15

		1994		0.8		-20.4		21

		1995		-0.1		-5.6		10

		1996		-0.1		12.7		5

		1997		1.1		-10.7		8

		1998		0.6		-16.5		31

		1999		0.8		-0.2		11

		2000		1.2		-6.4		18

		2001		1		-36.4		18

		2002		0.8		-27.8		12

		2003		1.8		-40.6		30

		2004		0.6		-21.7		11

		2005		0		-20.6		9

		2006		1.1		-41.9		16





		





		





		






