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Ciclo di seminari del Dr Gianni Bellocchi, Visiting Professor

24 aprile 2015 ~ 08 maeggio 2015, ore 11.30
Aula Pampaloni, Dipartimento Agraria, Viale Italia 3% - Sassan

Il Dr. Gianni Bellocchi, nellambito del programma Visiting Professor, terra presso il Dipartimento di
Agraria ciclo di seminan secondo il seeuente calendario:

Venerdi 24 Aprile 2015 ore 11:30 - Yulnerabilita ai cambiamenti climatici dei prati-pascoli europei
Martedi 28 Aprile 2015 ore 15:00 - Valutazione di modelli di simulazdione colturale
Yenerdi 8 Maggio 2015 ore 11:30 - Eventi estremi in agricoltura: identificazione & impatt

Gianni Bellocchi & direttore di ricerca presso [IMEA - UREP (Institut Mational de la Recherche
Agronomigque - Unité de Recherche sur [Ecosysteme Prairial, Clermont-Ferrand, Francia). La sua
attivita di Aicerca sulla modellizzazione agro-climatica e ambientale integra tematiche agronomiche,

di fisiologia vegetale e di climatologia. Ha sviluppato modelli e indicator per la valutazione degh
impatt del clima su sistemi agro-ambientali.
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Figure 4: Schematic depicting the mechanism for increased occurrences of

extreme El Nifio under greenhouse warming.

Present

Future

a.b, In both present-day climate (a) and future climate (b), convection zones in the western
Pacific and the ITCZ latitudes shift from their normal positions (indicated by blue clouds) to the

eastern equatorial Pacific during an extrem...

Increasing frequency of extreme El Nifio events
due to greenhouse warming

Wenju Cai, Simon Borlace, Matthieu Lengaigne, Peter van Rensch, Mat Collins, Gabriel
Vecchi, Axel Timmermann, Agus Santoso, Michael J. McPhaden, Lixin Wu, Matthew H.

England, Guojian Wang, Eric Guilyardi & Fei-Fei Jin
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Nature Climate Change (2014) | doi:10.1038/nclimate2100

~— Cai et al. (2014)



" The 1997/98 El Nifio

China warmer Central America
than normal, good \; warmer and drier S.E. USA
rains, floods than normal, firee\ wet and

ENSO schematic

radiation
high cloud physics
shift of convection
large-scale
circulation
North America
AN\ .
equatorial dynamics low cloud physics

-
ln@nﬁiﬂ{‘ .;‘“"--I--'.’c;oﬂp
Figure 4: Schematic d ‘ / ————— M o

extreme El Nifo undei o
mbced Rye S El Nifio events

a

fresd upwelling

N

Rensch, Mat Collins, Gabriel
aden, Lixin Wu, Matthew H.

b

Future

a.b, In both present-day climate (a) and future climate (b), convection zones in the western
Pacific and the ITCZ latitudes shift from their normal positions (indicated by blue clouds) to the
eastern equatorial Pacific during an extrem...

Cai et al. (2014)

T



0.5° NCEP CDAS1 [CFS Reanalysis] TC Heat Po

tential Anomaly (x10® J/m?*) 01Z04APR1997

405

F: ..ﬂ
i

40F

140E 160E 180

60E 80E 100E 120€

Ocean Heat content anomaly
on 4 April 2014

i g
x 18

Ocean Heat content anomaly
on 4 April 1997

eanalysis ea olentua nomaly |* m
[CFS Reandlysis] TC Heat Potential Anomaly [+10° J/m?] 00ZO4APR2014

A

30E 60E S0E 120E 150E 180 150w 120w




0.5° NCEP CDAS1 [CFS Rean

e

1054 ‘&
o
<D A ]
20s{
! \.//
305 1
405 . y ,
40E 60E BOE

on

Start here

Is it
El Nifo
| conditions?

Think the Nifno-3.4 SST
— NO will stay 2 0.5°C for the YES
next several seasons?

Is the monthly

Nifio-3.4 SST 2 0.5°C? e

What does the
atmosphere look like?

dications of

weaker Walker cir

anomaly
7

® J/m?] 00Z04APR2014

-




Science News ScienceDall

Extending climate predictability beyond EI Nifio
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Skilful multi-year predictions of tropical trans-basi
y climate variability  Chikamoto et al. (2015)

Yoshimitsu Chikamoto, Axel Timmermann, Jing-Jia Luo, Takashi Mochizuki, Masahide

hiro Watanab
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Science News

Extending climate predictability beyond EI Nifio
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during the last ice age = ,
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Foreste europee vicine a saturazione
assorbimento CO2

Tra le cause invecchiamento alberi, deforestazione e incendi
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Modelling the impact of extreme events

< Extreme weather events such as heat waves, o
cold shocks, droughts and floods are |7
expected to increase in intensity, frequency and

extension with climate change contn- +

ental
» 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

*

local T3 S

hour day week  month  season  year

after Reyer et al. (2013)

Climatic variability
Extremes .I_

Response o |
Phenological processes Physiological processes

Species

Agricultural systems




Ensemble modelling on grasslands

(Ma et al., 2014)
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“Extreme” versus “adverse” events

20.12.2013 Official Journal of the European Union L 347/487

of 17 december 2013._..G

\\\"‘ \

on support for rural development by the Eurow“«ﬁ\\

(EAFRD) and repealing Coyne? “\‘
wae

P - - - ‘w&\“. ‘:‘(’;ﬁ‘ ;6}
adverse climatic event: . \Q;‘\\ws SRR
weather condltlong‘s

Q&
. drought, which can}g\‘ﬁ“

\
' REGULATION (EU) No 1305/2013 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

al Fund for Rural Development
Z¥o 1698/2005

23

3‘

ice, heavy rain or severe

Problematic the way how
extreme events are (or seem to be)
assimilated to natural disasters
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Extreme weather events: statistical definition

Present Future
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Extreme weather events: what a 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" or 90" 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) /

17



Extreme weather events in Europe: impacts
 Year | Regon | Event | mpact

2003

2004-2005

2007

2007

2010

2011

Western and Central

Europe

Iberian Peninsula

Southern Europe

England and Wales

Western Russia

France

Hottest summer in at least 500
years (Luterbarcher et al,
2004)

Hydrological drought

Hottest summer on record in
Greece since 1891 (Founda
and Giannakopoulos, 2009)

May-July wettest since records
began in 1766

Hottest summer since 1500
(Barriopedro et al., 2011)

Hottest and driest spring since
1880

Crop harvest losses of 20-
30% (Ciais et al., 2005);
Mega-fires; Health damage

Grain harvest losses of 40%
(EEA, 2010)

Mega-fires; roughly 575000 ha
burnt area (JRC, 2008)

78 farms flooded with about
£50 million (Chatterton et al.,
2010)

Fire damage to forests
(Shvidenko et al., 2011).
Reduction in crop vyields
(Coumou and Rahmstorf,
2012); export ban; health
damage

8% decline in wheat yield
(AGRESTE, 2011)



Extreme weather events in Europe: impacts
 Year | Regon | Event | mpact

2003 Western and Central Hottest summer in at least 500 Crop harvest losses of 20-
Europe years (Luterbarcher et al., 30% (Ciais et al., 2005);
| aon "= f=='Health damage

t losses of 40%

20042005 Ibe 25 New study quantifies the effects

“* of climate change in Europe

2007 S0 If no further action is taken and
global temperature increases by
3.5°C, climate damages in the
EU could amount to at least

2007
2010 e to forests
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)



Historical drought in central-southern Italy / 1

“Today, Wednesday 315t 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 XVIIl 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)



Historical drought in central-southern Italy / 2

short-term droughts prolonged droughts
(three-five months) (> five monthts)
0.30 0415
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Diodato and Bellocchi (2011)




Historical drought in central-southern Italy / 2

short-term drd " = _\prolonged droughts

(three-five mo ~ o\ (> five monthts)
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http://modextreme.org/
http://modextreme.org/

May 2015: Sardinia abnormal heatwave

Ondata di caldo record in Sardegna

Sardegna: e storia! Picchi di TRENTA GRADI
notturni. Oggi attesi anche oltre 40°C

Caldo africano in Sardegna, da {
domani picchi fino a 38°C ‘
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Atmospheric circulation features




Atmospheric circulation features
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and RFE Accumulated Precipitation (mm)

April 2015, Dekad 3
i O | I W A,
«*Va

27N

Previous 10—day ITF Position M
Normal 10—day ITF Position v
Current 10—day ITF Position M

24N

April-May 2015

15N

12N

aN

6N

3N

EQ

35
i

20W : ) 0 10E 156 20E

[ [ | I [ ] [ [
1 10 25 50 75 100 150 200 250 300




Extreme weather events:

agricultural impacts (winter wheat yield)
Makowski et al. (2014)

1960 1970 1980 1990 2000 2010

P 0!5 .“ \ » i



Extreme event indices: drought

I,
ARID =1 — — [0, 1] Woli et al. (2012)
TF'

T,: actual transpiration; T : potential transpiration

Probability of leaf growth inhibition (LGI) = Probability of root growth inhibition (RGI) =

Probability of ARID > threshold, Probability of ARID > thresholdgg,
i wo (1w
5P LP Fu et al. (1981)
FIl = Fl1+ [0, 1] Zhang ét al. (2008)
»ET, | »ET, |

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



Extreme event indices: heat

1 if Ter = Thim
T — T
H5l = {—2 2 T <T.<Ty [0,1  Deryngetal. (2014)
T]il:n_ TI!['
0 if Togr < Tey

T effective temperature; T : critical temperature; T, : limiting temperature

cre lim"

Probability of hot days = Probability of T_.. > T,

max

T, ... maximum temperature

max*

Snyder and de Melo-Abreu (2005)



Extreme event indices: frost

Probability of frost damage at germination = Probability of T, < Tgoc¢ germ

Probability of frost damage at anthesis/grain filling = Probability of T ;, < Tyt antn

Probability of lethal frost during the growing season = Probability of T ;; < Tiethal srost

T,in: Minimum temperature
Tirost,germ: t@Mperature of frost damage at germination
Thostanth: temperature of frost damage at anthesis/grin filling

T . temperature of lethal frost during the growing season

lethal fros



Extreme event indices: thresholds

Cro
Index S maize wintZr wheat

ARID - threshold,g; anthesis 0.20 0.10
ARID - thresholdrg anthesis 0.45 0.50
ARID - extreme - 0.85
Ter (°C) anthesis 32 25
Tim (°C) anthesis 45
Ttrostgerm (°C) germination -7 -9
Tanthesis grain filing (*C) anthesis/grain filling -
Tiethal_frost (- C) growing season  -15 -20




Extremely hot and dry days in Europe / 1

ARID > 0.85 Tmax > 35 °C Number of
extreme days
0, 2]
~ N » 12, 5]
0.07 001 | |
e o 15. 10]
£ -’? E}’; ® 110, 20]
‘j ' ® 120, ~
=N .
. -

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

ARID > 0.85 Tmax > 35 °C Number of

extreme days
[0, 2]
12, 5]
]S, 10]
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® 120, ~]

0.01
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Extremely hot and dry days in Europe / 2

heat | drought Probability of

cnucal years

0 24 !103
0.18 e 0.75

0.50

o 4l n 0.25
Eﬁ) O —— 0.00
& 0.32 e
ok Ny
| -
e b
Klein et al. (2015) =
pY

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  \IIEE Spain  ARIDjpean ARIDg, o

Slovenia  ARID_.,ARID,, Fu, T

I Barley Italy ARID,,, FU, Trarer Tnine

Spain ARD,, T

Ccr " maxcr

Ry Spain ARIDg, Trvaxer, Triner
D Triticale Romania  ARID,, Fu, T,
I Rapeseed Romania  ARID,..., Troor
M Maize ltaly ARIDmean’ Tmaxcr, Tmincr

Croatia ARID T

mean’ ° maxcr

D sunflower Bulgaria  ARID, ., Fu, T,

mincr

Italy Tmaxcr, Tmincr
P Potato Romania  ARID,, Fu, T, .
Poland  ARID,..,ARID, T

mean’ Cr’ ~ maxcr

D sugarbeet  ftaly  ARIDy, Tyng

Croatia ARID . Fu

I Mown grasslands  Germany  ARID, 0, ARID

T

mean’ crr ' mincr



Yield forecasts with agro-climatic indices / 2
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Biophysical modelling

Vegetation Climate
Management
Herbivores : Agro-ecosystem
i |
0% - Dot scale Modelling
[ Inputs
(climate, soil, management)

cold shock on flowering

[ Initial values ]\ ‘ STICS CropSyst
PaSim ‘ flooding WARM

[ Parameters |
AQUACROP WOFOST

heat stress on pollination

Grassland
model
Outputs

(vield, aboveground biomass, flowering date, ...)



Biophysical processes:
example of Harvest Index (HI) / 1

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=HI__ - f(WS) - f(LT) - f(HT) - f(F)
High temperature

Water stress

e

Low temperature




Biophysical processes:
example of Harvest Index (HI) / 2

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



Hl-based framework for calculating
crop yield under extreme events / 1

H lmax
HI .., after flowering

second event

l

first event

Development stage




Hl-based framework for calculating

crop yield under extreme events / 2
Wheeler et al. (2000)

HI/HI_,
100

g
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Hl-based framework for calculating
crop yield under extreme events / 3

HIAA - FA ) Hlmax

F,: fraction of maximum HI that may be attained after anthesis is completed (Hl,,)
(0, maximum stress; 1, no stress)

Fo=1/dy X% min(Fy, Fy) - [% min(F, Fy)

d,: time window around anthesis

F;: temperature factor (function of mean crop temperature)

F,: water stress factor

F.: frost factor (function of minimum crop temperature)

F,: extreme heat factor (function of maximum crop temperature)



Stress functions / 1

stress
function
|

°C




Stress functions / 2
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Joint Research Centre agricultural yield
forecasting with the platform BioMA

Remote Sensing infrastructure Meteorological infrastructure
e R T

1!

Qualitative: Quantitative:

Bulletins and Early Warning Yield & Production Forecasts

Statistical infrastructure Crop assessment —Crop Model infrastructure
. \_ Yield forecasts - ' o ]

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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