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Ocean Heat content anomaly

on 4 April 1997

Ocean Heat content anomaly

on 4 April 2014

Elements of the 1997 Super El Niño seemed to be repeating in 2014 in

the Western Pacific
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 Extreme weather events such as heat waves,

cold shocks, droughts and floods are

expected to increase in intensity, frequency and

extension with climate change

 There is a need to better integrate the effects of

extreme events into simulation (crop / grassland /

tree) models to better estimate their impact on

agricultural systems

Agricultural systems

Species

Phenological processes
Response

Physiological processes

Climatic variability

Extremes
Mean climate

after Reyer et al. (2013)

Modelling the impact of extreme events



Oensingen

Ensemble modelling on grasslands

Gross primary production

Envelope of results

nine models

2003 (extreme year)

heat waves(Ma et al., 2014)



“Extreme” versus “adverse” events

adverse climatic event:

weather conditions, such as frost, storms and hail, ice, heavy rain or severe

drought, which can be assimilated to a natural disaster

Problematic the way how

extreme events are (or seem to be)

assimilated to natural disasters



16 NAS and NMI (2013)

Extreme weather events: statistical definition
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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 10th or 90th 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" (Sivakumar et al., 2005)

Extreme weather events: what a definition?
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Year Region Event Impact

2003 Western and Central

Europe

Hottest summer in at least 500

years (Luterbarcher et al.,

2004)

Crop harvest losses of 20-

30% (Ciais et al., 2005);

Mega-fires; Health damage

2004-2005 Iberian Peninsula Hydrological drought Grain harvest losses of 40%

(EEA, 2010)

2007 Southern Europe Hottest summer on record in

Greece since 1891 (Founda

and Giannakopoulos, 2009)

Mega-fires; roughly 575000 ha

burnt area (JRC, 2008)

2007 England and Wales May-July wettest since records

began in 1766

78 farms flooded with about

£50 million (Chatterton et al.,

2010)

2010 Western Russia Hottest summer since 1500

(Barriopedro et al., 2011)

Fire damage to forests

(Shvidenko et al., 2011).

Reduction in crop yields

(Coumou and Rahmstorf,

2012); export ban; health

damage

2011 France Hottest and driest spring since

1880

8% decline in wheat yield

(AGRESTE, 2011)

Extreme weather events in Europe: impacts
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Extreme weather events in Europe: impacts



Historical drought in central-southern Italy / 1

“Today, Wednesday 31st 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” (Giuseppe

Maria Giovene, 1788)

Diodato and Bellocchi (2011)



Diodato and Bellocchi (2011)

short-term droughts

(three-five months)

prolonged droughts 

(> five monthts)

Historical drought in central-southern Italy / 2



Diodato and Bellocchi (2011)

short-term droughts

(three-five months)

prolonged droughts 

(> five monthts)

Historical drought in central-southern Italy / 2

Diodato and Bellocchi (2014)

http://modextreme.org/
http://modextreme.org/


May 2015: Sardinia abnormal heatwave



May 2015: Sardinia abnormal heatwave
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Atmospheric circulation features



Atmospheric circulation features

April-May 2015
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Makowski et al. (2014)

Extreme weather events:

agricultural impacts (winter wheat yield)



Extreme event indices: drought

[0, 1] Woli et al. (2012)

Probability of leaf growth inhibition (LGI) =

Probability of ARID > thresholdLGI

Probability of root growth inhibition (RGI) =

Probability of ARID > thresholdRGI

Ta: actual transpiration; Tp: potential transpiration

[0, 1]
Fu et al. (1981)

Zhang et al. (2008)

P: precipitation; ET0: reference evapotranspiration; w: vegetation-soil parameter (~3)



Extreme event indices: heat

Teff: effective temperature; Tcr: critical temperature; Tlim: limiting temperature

[0, 1] Deryng et al. (2014)

Probability of hot days = Probability of Tmax > Tcr

Tmax: maximum temperature

Snyder and de Melo-Abreu (2005)



Extreme event indices: frost

Probability of frost damage at germination = Probability of Tmin < Tfrost,germ

Tmin: minimum temperature

Tfrost,germ: temperature of frost damage at germination

Tfrost,anth: temperature of frost damage at anthesis/grin filling

Tlethal_frost: temperature of lethal frost during the growing season

Probability of frost damage at anthesis/grain filling = Probability of Tmin < Tfrost,anth

Probability of lethal frost during the growing season = Probability of Tmin < Tlethal_frost



Index Stage
Crop

maize winter wheat

ARID - thresholdLGI anthesis 0.20 0.10

ARID - thresholdRGI anthesis 0.45 0.50

ARID - extreme - 0.85

Tcr (°C) anthesis 32 25

Tlim (°C) anthesis 45 35

Tfrost,germ (°C) germination -7 -9

Tanthesis,grain filling (°C) anthesis/grain filling -1

Tlethal_frost (°C) growing season -15 -20

Extreme event indices: thresholds



Extremely hot and dry days in Europe / 1

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)



Extremely hot and dry days in Europe / 1

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)



Extremely hot and dry days in Europe / 2

Klein et al. (2015)

Probability of experiencing a critical year (colour scale) and fraction of

total European wheat cropping area with at least 25% and 50% chances of

being under critical conditions (numbers in the upper right corner)



Extremely hot and dry days in Europe / 3

Klein et al. (in preparation)



Yield forecasts with agro-climatic indices / 1
Crop Country Regression model

Winter crops Wheat Spain ARIDmean, ARIDcr, Tmaxcr

Slovenia ARIDmean, ARIDcr, Fu, Tmincr

Barley Italy ARIDcr, Fu, Tmaxcr, Tmincr

Spain ARIDcr, Tmaxcr

Rye Spain ARIDcr, Tmaxcr, Tmincr

Triticale Romania ARIDcr, Fu, Tmaxcr

Rapeseed Romania ARIDmean, Tmaxcr

Summer crops Maize Italy ARIDmean, Tmaxcr, Tmincr

Croatia ARIDmean, Tmaxcr

Sunflower Bulgaria ARIDmean, Fu, Tmaxcr

Italy Tmaxcr, Tmincr

Potato Romania ARIDcr, Fu, Tmaxcr

Poland ARIDmean, ARIDcr, Tmaxcr

Sugar beet Italy ARIDcr, Tmincr

Croatia ARIDcr, Fu

Mown grasslands Germany ARIDmean, ARIDcr, Tmincr



Yield forecasts with agro-climatic indices / 2

Spain Slovenia

Winter wheat

Maize

Italy Croatia

measured predicted



Agro-ecosystem

Plot scale

Agro-ecosystem

Plot scale
Modelling

Outputs
(yield, aboveground biomass, flowering date, …)

Initial values

Parameters

Inputs
(climate, soil, management)

PaSim

CropSystSTICS

WOFOSTAQUACROP

WARM

Grassland

model Crop models

generic specific (rice)

heat stress on pollination

flooding

implicit account of extreme events

cold shock on flowering

Biophysical modelling



Harvest Index (HI) = yield (Y) / total above ground biomass (B)

Y = HI · B

Valid for all crop models

(when linked to biomass at maturity)

Valid for all weather events

(drought – low temperature – high temperature)

HI = HImax  f(WS)  f(LT)  f(HT)  f(F)

Water stress

Low temperature

High temperature

Frost

Biophysical processes:

example of Harvest Index (HI) / 1



crop pre-flowering flowering grain filling

winter cereals F - WS - LT - HT HT - WS

summer cereals WS - LT - HT HT - WS

sunflower F WS - HT HT - WS

others ... ... ...

Biophysical processes:

example of Harvest Index (HI) / 2



HI HImax

Development stage

HImax after flowering

first event

second event

HI-based framework for calculating

crop yield under extreme events / 1



HI-based framework for calculating

crop yield under extreme events / 2

Stress intensity (SI)

HI / HImax

100

0

SI critical SI0

Wheeler et al. (2000)



HI-based framework for calculating

crop yield under extreme events / 3

HIAA = FA · HImax

FA: fraction of maximum HI that may be attained after anthesis is completed (HIAA)

(0, maximum stress; 1, no stress)

FA = 1 / dA ·  
𝟏

𝐝
𝐀𝐦𝐢𝐧 𝐅𝐓, 𝐅𝐖 · 

𝟏

𝐝
𝐀𝐦𝐢𝐧(𝐅𝐅, 𝐅𝐇)

dA: time window around anthesis

FT: temperature factor (function of mean crop temperature)

FW: water stress factor

FF: frost factor (function of minimum crop temperature)

FH: extreme heat factor (function of maximum crop temperature)



Stress functions / 1



Stress functions / 2



Joint Research Centre agricultural yield

forecasting with the platform BioMA

Bellocchi et al. (2014)

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
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