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Introduction

UN decade of action on
nutrition

2016-2025

Global prioritization of KJJ

nutrition has never been
higher and requires
cooperation of all actors.

War and conflict are
major underlying
causes of nutrition
insecurity.

Soil degradation and
reduced biodiversity
threaten our ability
to grow food.

Better nutrition
reduces population
pressure on the
world’s oceans.

Sustainable food k]
systems reduce

greenhouse gas @
emissions.

Responsible food
consumption and
production reduces
food waste and loss.

Sustainable cities require
integrated urban and
rural food systems.

Reducing current §|i}
nutrition inequalities
will lessen income ( =)
inequalities.

Enhanced nutrition through ]

the lifespan supports
learning and later
innovation potential.

Source: WHO Department of Nutrition for Health and Development, 2018

Good nutrition results in
higher labour productivity,
greater mental capacity and
longer, healthier lives.
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[} Improving the nutrition of
girls, women and children
g improves schooling, reducing
.3’ gender inequalities.
Ensuring good
nutrition requires
access to safe water
and sanitation.

Good nutrition for all
increases demand for healthy
food, requiring clean,
renewable energy sources.

Without a sufficiently
nutritious diet, learning
ability and focus are
greatly impaired.

Malnutrition in all its forms
lowers economic productivity
and unnecessarily increases
healthcare costs.
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Introduction

Undernourished people
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Introduction

Severe food insecurity
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Introduction

AND WE WILL NEED
WE WILL BE MORE THAN
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Introduction

Sustainable Agriculture
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Introduction

Damages and losses in agriculture

share of total damages/losses across all sectors
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Introduction

Source: FAO, SOF 2018

NUMBER OF COUNTRIES

Drought and changes in the undernourished people
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Introduction

agriculture GHG emissions

— 8
>
g
o 7 Il E£PA 2006
g EPA 2011 A
56 B EDGAR
s M ra0
4 5
£ 146 %
w
(G) D86 %
T 4
o

3 LT

2 I th%

1

_HENe
_HEmm
0
Agricultural Soils Enteric Fermentation Manure Management Systems Rice Cultivation Total * Mom agricalivesl encmine WEmiaric fermmenistion
# Warm e monage mart Ries cukivaton
» Ao baral sods Fleld Burning of agecu Reral 1oe sz and othen
Source: [PCC. 2014

Source: Furostat, 2019 m European
Commission |



Introduction

N agricultural use
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Introduction

Wheat import/export Wheat price in the EU
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Introduction

Statistical modelling

: » Impact assessments
climate predictions
Fast cllma.te and Crop growth models
agronomic data i< .
———— =] Adaptation and

@i@ mitigation strategies

Experiments Land models

Scientific knowledge

and understanding

Economic models
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Introduction

Scientific knowledge
and understanding

Policy Support

Support to farmers

Sustainable development
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Climate data

Past and current climate: observations, reanalysis, etc.

§ , . MarsMet: data from approx. 4000 stations
@0 v FRAS5, AgMERRA, ERA5-Land, cic.

orag e R N Satellite
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Climate data

Inhomogeneity and quality checks Interpolation methods
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Climate data
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Climate data

Obs vs Reanalysis
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Climate data

Reanalysis vs Reanalysis vs Observations

Source: Ceglar et al., 2017
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Agronomic data

Main wheat producing regions of the world
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Agronomic data

Rainfed Winier Wheaot
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Source: Zampieri et al, 2017
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Agronomic data

More would be needed...

a)

maturity 4

Combination of TSUM I/TSUM2

flowering 4

Development stage

heading 4

boating

stem elongation 4
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Source: Ceglar et al., in preparation
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Agronomic data

wheat yields in different climatic regions of the world
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Agronomic data

characterising crop growth and key factors
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Climate projections

high-res GCMs

RCM . .
S Bias Adjustment
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Climate projections

Evaluating climate models is not an
casy task...means are usually not
enough
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Source: Toreti and Naveaw, 2015
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Climate projections

Bias Adjustment
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Climate projections
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Climate predictions

SPEI6 August 2003

a) b) Drought condition
Exceptional drought
Extreme drought

g Severe drought

§ Moderate drought

o Abnormally dry

c)

Seasonal and decadal predictions

D

e)

o

&

Source: Turco etal, 2017
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Climate predictions

a) Correlation between forecasted and observed CSI

b) Correlation between forecasted CSI and observed YIELD anomalies
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Statistical Modelling

800 TOT = T T T T T T T (b) correlation of the CSI with national yields data
EUR s . ' -l T ARP \ e, S,
CHN (a) total wheat production and anomalies o P 4
IND . =415 <+ I
RUS s due to the major producers \ 0.1
USA memmm :
Cﬁg — - x‘_'x_z_,“‘x,. 0.1
700 KR — ~ “('" —0.4
—0.6

I

4

600

T

(c) fraction of \)ariability explained by heat vs. water stress
e RE e, Je P T
. (TSN

» :l‘;‘ R ’;A

Wheat and climate

w
5
|_
3
C
= bos
3 \ 42'-: i\ / 4 0.6
© 500F b 58 \ & T 0.4
2 5_1° <'r< | 0 ~ | fo2
© T = [ fu {
o ) <
: 338 f} J WATER
>3 (d) sensitivity to drought or to water excess
400 S 2
B 0 £ s CaE o
=K S
22 1, [\l
-E ‘g \ ‘.r’:'\.,
o) (2] -_'L;M
38 <

300

1

1 1 1 1 1 ] 1 1
1975 1980 1985 1990 1995 2000 2005 2010 2015

Source: Zampieri et al, 2017

m European
Commission |



Statistical Modelling
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Statistical Modelling

Wheat and Climate in France
Winter wheat
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Crop growth models

. . . . Model processes Model inputs Key model outputs
S()ll and agrOHOIIlIC lnf()rl [latlon Phenological development Meteorological variables  Grain yield
Light interception and utilization Soil properties
Growth allocation to crop organs Cultivar parameters
Root distribution Management

Daily Min and MaX Temperatures Soil water dynamics

Sotl nutrient dynamics
Evapotranspiration
Environmental stresses

Effects of elevated CO,

Relative Humidity
Global solar radiation

wind

Emergence Tillering Stem elongation Heading/Flowering Ripening
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Crop growth models

Requirements Representation by major crop models
Ambient [CO;] All major crop models include [CO;] effect
effect but often in simplified form and based

on old experimental data or not tested
Temperature All major crop models represent

Heat stress

Early/Late frost
damage

Tropospheric
O3 effect

Drought stress
and excess water

Diffuse radiation

Effect of snow
and hail

Lodging due to strong
winds and rain

temperature effects at different levels
of detail, though often not tested
Specific heat stress impacts

(e.g. floret mortality leaf senescence)
not considered explicitly (except for
a few of the major models) and not
tested yet

Some models consider frost damage
but are not tested

Few of the major models explicitly
includes O3 stress (except, AFRCWHEAT2-03,
LINTULCC)

All crop models include effect of water
and drought stress. Lack of oxygen

in the root zone is only considered by
a few models (HERMES, MONICA,
Lintul, WOFOST)

Only considered in a few crop models
(CERES, SUCROS)

Rarely taken into account, exceptions
are available

Detailed models for cereal lodging
exist, but rarely integrated in

crop models

Fotential (Yp) Defining factors

Water-limited (Yw)

C0,
Radiaticn
Temperature

Cultivar fealures

Water- and nutrient-limited

Limiting factor Waler
Viater
Limiting factors
Mulrients
Weaads

Actual (Ya)

Reducing factors

Source: Fwertetal, 2015

Production level (Mg/ha)

Fegls and dissagss

Follutantis
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Crop growth models
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* ME 11, High rainfall; cool temperate, winter wheat
* ME 2, High rainfall; temperate, spring wheat
ME 1, Irrigated; temperate, spring wheat
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Average regional wheat yields (t ha™")

* ME 4, Low rainfall; temperate, spring wheat

Wheat

Source: Asseng etal., 2013
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growth models
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rop growth models

Wiith heat stress at anthesis + CO»

effect

b)
Without heat stress at anthesis w.r.c.
HSA+CO>
L)
¢)

Without CO2 effect w.r.t. HSA+CO2

RCPS.5 2080s yield changes (% w.r.c. 1980s).

Source: Deryng eral., 2014
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Crop growth models

Assumptions



Crop growth models

Projections 2021-2050

Yield forecast for 45p water limited - Total wheat
Relative differences - aggregated values at NUTS 0 level

100

Yield forecast for 45p potential - Grain maize
Relative differences - aggregated values at NUTS 0 level

100
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Adapting to climate change

Yield forecast for 45p water limited - Total wheat
Relative differences - aggregated values at NUTS 0 level
using Adaptation Strategy variety 1

100
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Adapting to climate change

M

-G

Engage users and co-design targeted sectorial climate services

Agro-
management

Stock
management

Long-term
strategy

Better planning of soil
tillage, fertilization, crop
protection treatment and
weed management

Improve choice of variety
and density at sowing

Higher accuracy with
sowing and harvest
setting

Better contracts and
price

Better planning of supply
chain

Selection of future new
cultivation areas

Choice of new varieties,
breeding and genetic
improvement activities

Monitoring of new
pests, pathogens,
weeds

Anticipation of
purchase needs

Wheat phenological
development

Temperature
Precipitation
Hydrological balance

Heavy rain during
winter

Useful rain for
fertiliser activation

Frost risk index

Heat stress index

Projected yield
changes

Projected risk of
climate extremes (i.e.,
heat stress, drought in
critical phenological
phases...)

Projected risk of
quality and nutritional
issues

Feasible adaptation
strategies

Minimize exposure to weather
extremes

Cost reduction through
optimal fertilization and agro-
management planning

Maximize crop yield and
quality

Optimize use of fertilizers

Better planning of supply
chain, contracts and prices

Indicate suitable cultivation
areas

Better estimation of
production for market and
food security

Improve regional policy
planning and development,
national adaptation strategies
and EU policies (e.g. CAP)

Match adequate varieties to
expected climate

Prepare for crop protection

and prevention of invasive
species

Better use of investments (e.g., Furo pean
machinery, irrigation) . . &
Commission



Adapting to climate change

a) TYPE 5 - hydrological balance between heading and maturity
2 - - s

Combination of TSUMI/TSUM?2
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Source: Ceglar et al., in preparation
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Adapting to climate change

FARM SCALE

Next 10 years

Next decades

Developing an integrated multi-scale system to allow for
dynamic adaptation and mitigation as well as enhanced
resilience
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GOy eftects

— EPIC
GEFIC
GAES-MAGE

= | F.iml
LPJ=-GUESS

— pDSSAT

Fe L] ] 2060 i Epar 2065 ZEE0 PEGASLIS

— with CO,
] == withoul GO,

Production change (%; relative to 1360-2010 mean)

i} Dl il o ) frd o ThEE e ] 2080

Source: Rosenzweig et al., 2014

m European
Commission |



GOy eftects

The effects depend on crop type, variety, nutrients and water availability, climate

conditions, etc.

;

\

1
: H Ample N, Ample H,0
. /A Low N, Ample H.O
- O Ample N, Low H,O
Ryegrass forage biomass (C; grass)
Wheat, rice, barley grain (C; grasses)
Hybrid rice grain China (C; grass)
Rice cultivar range Japan (C; grass)
Soybean pea peanut bean (C; grain leg.)
Soybean genotype range SoyFACE
Maize, sorghum (C, grasses)
‘Potato tubers (C; forb)
Sugar beet (C; forb)
. Cassava (C; forb) —  » W
'ﬁ : Clover forage (C; legume)
i | : Mustard, rape (C, oilseed)
——-~— Cotton bolls (seed + lint) (woody)
: : ‘Grape berries (woody)
] ’ Coffee beans (woody)
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GOy eftects

nonlinear response

Grain yield relative to yield at 350 ppm CO,

I.S. Amihor/Field Crops Research 73 (2001 ) 1-34
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GOy eftects
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FACKE experiments

Source:Gerald Moser
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Chimate extremes - concurrent events
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Chimate extremes - concurrent events
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Chimate extremes - concurrent events

5%

4%
3
2 5 15%
£ 3%
s |
g 10% -
Ju
e 1%
S 50 -
3 0%
= ‘
§_1% base -
"
<
5 2% -5%
2

-3%

-10%

4%

-10% -8% 6% -4% -2% 0% 2% 4% 6% 8% 0% 12% 14% 16%

International price of wheat

Source: Chatzopoulos et al., 2019

International price
(No. 2. hard red winter wheat, USA FOB, Gulf)

53

47

33
1.8 ' 2.1

1.4
01 . s
-22

Y Y 14 T T

EU CHN IND USA RUS CAN AUS PAK UKR
B Favourable agroclimate

26
0.6

-
1 02

48
7.2
TUR KAZ ARG

Unfavourable agroclimate

European
Commission |



Chimate extremes - concurrent events
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Chimate extremes - concurrent events

No concurrent spring/
summer climate
anomalies in central
Europe
similar to the ones in
2018

1540 drought event vs
2018 drought event in
central Europe
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Chimate extremes - concurrent events

spatial pdf of SPEI-6
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Chimate extremes - concurrent events

Estimated frequency of occurrence of the
projected 2018-like drought events

Source: Toretietal., 2019
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The missing component
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The missing component

Modelling human interaction with the agro-climatic system
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