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NAS and NMI (2013)

Extreme weather events: statistical definition extreme weather event:

-(statistically-based) a rare weather event at a particular place and time of year, e.g. "as rare or rarer than the 10 th or 90 th percentile of PDF" (IPCC, 2013) -(impact-oriented) high-impact (on society and biophysical systems), hard-to-predict phenomenon that is far beyond normal expectations, e.g. "Agricultural drought occurs when there is insufficient moisture for average crop or range production" [START_REF] Sivakumar | Impacts of present and future climate variability and change on agriculture and forestry in the arid and semi-arid tropics[END_REF] Extreme weather events: what a definition? There is no doubt that research applications in crop modelling will continue, but for such applications to sustain long-term interest policy applications need to be developed and applied

Science-stakeholder dialogue

  31 st December the year 1760 is finishing, thank goodness. Food supplies have been very low because of the great drought that never seems to stop, decimating all fruits, with grapes also destined to perish, and very little must and wheat and oil (…). Drought has occurred because there has been no rain up to late December, the countryside is arid and bare of grass, and almost all the cattle are dead. Starvation threatens; much prayer is in order. God have mercy on us! Amen …" (Gregorio Susanna, Diary for 1760-1761) "This century XVIII had a memorable and shocking year, for the fatal consequences caused by the scarcity of food and very poor harvest (…). At the beginning of this year, August 1763, drought and hail fell upon the Kingdom of Naples, causing a very poor harvest, with starvation beginning in December (…)" (chronicles of Giuseppe Loffredo) "An overall rainy year troubles us with an obstinate and tearful drought; a year that was largely very warm punished us nevertheless with extraordinary cold and frost"

  germ : temperature of frost damage at germination T frost,anth : temperature of frost damage at anthesis/grin filling T lethal_frost : temperature of lethal frost during the growing season Probability of frost damage at anthesis/grain filling = Probability of T min < T frost,anth Probability of lethal frost during the growing season = Probability of T min < Valid for all crop models (when linked to biomass at maturity) Valid for all weather events (drought -low temperature -high temperature) HI = HI max  f(WS)  f(LT)  f(HT)  f

  

  

  

  

  

  

  

  

  

  

Extreme weather events in Europe: impacts Year Region Event Impact

  

	Year	Region	Event	Impact
	2003 2003	Western and Central Western and Central	Hottest summer in at least 500 Hottest summer in at least 500	Crop harvest losses of 20-Crop harvest losses of 20-
		Europe Europe	years (Luterbarcher et al., years (Luterbarcher et al.,	30% (Ciais et al., 2005); 30% (Ciais et al., 2005);
			2004) 2004)	Mega-fires; Health damage Mega-fires; Health damage
	2004-2005 2004-2005	Iberian Peninsula Iberian Peninsula	Hydrological drought Hydrological drought	Grain harvest losses of 40% Grain harvest losses of 40%
				(EEA, 2010) (EEA, 2010)
	2007 2007	Southern Europe Southern Europe	Hottest summer on record in Hottest summer on record in	Mega-fires; roughly 575000 ha Mega-fires; roughly 575000 ha
			Greece since 1891 (Founda Greece since 1891 (Founda	burnt area (JRC, 2008) burnt area (JRC, 2008)
			and Giannakopoulos, 2009) and Giannakopoulos, 2009)	
	2007 2007	England and Wales England and Wales	May-July wettest since records May-July wettest since records	78 farms flooded with about 78 farms flooded with about
			began in 1766 began in 1766	£50 million (Chatterton et al., £50 million (Chatterton et al.,
				2010) 2010)
	2010 2010	Western Russia Western Russia	Hottest summer since 1500 Hottest summer since 1500	Fire damage to forests
			(Barriopedro et al., 2011)	(Shvidenko et al., 2011).
				Reduction in crop yields
				(Coumou and Rahmstorf,
				2012); export ban; health
				damage
	2011	France	Hottest and driest spring since	8% decline in wheat yield
			1880	(AGRESTE, 2011)

[START_REF] Barriopedro | The hot summer of 2010: redrawing the temperature record map of Europe[END_REF] 

Fire damage to forests

[START_REF] Shvidenko | Carbon emissions from forest fires in Boreal Eurasia between 1998 and[END_REF]

. Reduction in crop yields

[START_REF] Coumou | A decade of weather extremes[END_REF]

; export ban; health damage 2011 France Hottest and driest spring since 1880 8% decline in wheat yield (AGRESTE, 2011)
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Number of extremely hot (maximum air temperature > 35 °C) and dry (ARID > 0.85) days and fraction of total winter wheat growing area of Europe with less than 2, between 5 and 10, or more than 20 extreme days per year (May 1 -September 30) Klein et al. (in preparation)

Number of extremely hot (maximum air temperature > 35 °C) and dry (ARID > 0.85) days and fraction of total winter wheat growing area of Europe with