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Using crop model ensemble® design
future climate-resilient barley cultivars
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Challenges for food security in future

U Global demand for agricultural production
expected to roughly double by 2050.

U However, crop yield growth rates have be
stagnating in the last decade in some impor
agricultural regions around the world
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Crop yield growth rates become stagnate
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Adverse weather conditions for European wheat | .
production will become more frequent with
climate change

Miroslav Trnka'2*, Reimund P. Rétter?, Margarita Ruiz-Ramos?, Kurt Christian Kersebaum?®,
Jorgen E. Olesen®, Zdenék Zalud"? and Mikhail A. Semenov’
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Adaptation Strategies

U Varieties development and improved
agronomic practices are major climate
changeadaptatioroptionsin agriculture

U Have proven track recordsin achieving
more resilience to climate variability and
extremesn the pastdecades

Climatesmartcropvarieties

Climatesmartagronomicmanagement

5

Barley Cultivar Design (BCD) study

U Oneof activitiescarriedoutin the contextof CropM
within the FACCE-MACSUR knowledgehub

U Takebarleyasanexamplebecause

A Barleyis animportantcropthroughoutheworld;

A It is emergingasa modelcropfor studyingthe
geneticof stressadaptation

U Designingfuturebarleyideotypesusingcropmodel
ensemblefor thefirst time.



Study sites of the BCD study
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Crop models involved

Model (version) Reference Documentation

APSIM (V.7.7) Keating et al., 2003 http://www.apsim.info/Wiki/

CropSyst (V 3.02) Stockle et al., 2003 hitp:/fwww .bsyse.wstedw/CS _Suite/CropSyst/index.html

HERMES (V4.26) Kersebaum, 2007, 2011 http://www zalf de/en/forschung/institute/sa forschung/oekomod her

mes

MCWLA (V2.0) Tao etal., 2009, 2013 Request from fulu.tao(@luke.fi

MONICA (V1.25) Nendel etal., 2011 http://monica.agrosystem-models.com

SIMPLACE<Lmtul2. Shm>  Addiscott and Whitmore, 1991: www.simplace.net/, http://models pps.wur.nl/models
Angulo etal., 2013

SirmsQualtty (V2.0) Martre et al., 2006; Fermise etal., 2010 Request from pierre. martre(@clermont.inra.fr

WOFOST (V7.1) Boogaard et al., 1993 Iuttp:/www.wofost. wur.nl
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Three representative = |
Climate scenarios:

GCMs:

ACCESS(1),

GISS(8),

Time period:
2050s

30

A Annual

o B o @ ™

Change in precipitation, %
b N B
o
N

(medium) © .,

(cold) o
HadGEM?9) (hot dry) 50 -

Change in precipitation, %
N B
o

Emission scenario: )

RCP8.5,

[CO,] = 560ppm

U Areferenc
possible futu

greenhouse gas S0 -

emissions.

%
N
o

in precipitation,

e for

res with high - -

S -40

Change in mean temperature, C
CINEU O MED

5 &IE] ﬁ% a.5 @ [ &
G k=

1. Winter =
™
=
5 Ga @5 L*!% 4:5 |;_@J
(4]
c Summer
6=
| m |
Z [}
G [EE] fE |_%|
3..?5] als]
G B
£

'l o$s

G

@ _ @
Hg

% - s
(EE]
(EE]
1
;’; [%.s
= =

bEe g

Field Experiment Data for Model Calibration and Validation

Experimental yvear

Jokioinen, May

-Aug

Lleida, Nov -Jul

Mean growing season

temperature

Mean growing scason

precipitation

2002 (15.6)

2009 ( 14.0)

2002 (206.6)

2009 (200.7 )

1997 (12.6)
1998 (11.9)
1999 (11.7)
1997 (371.0)
1998 (191.9)

1999 (255.7)

Baseline

Mean growing season 13.6 11.5
temperature (°C)

Mean growing season 252.4 227.3

precipitation (mm)
Climate change scenario
Mean growing season

temperature (°C)

Mean growing season

precipitation (mm)

ACCESS (16.2),
GISS (16.1)
HadGEM (17.0)
ACCESS (284.0)
GISS (266.3)

HadGEM (257.4)

ACCESS (14.1)
GISS (12.8)
HadGEM (13.9)
ACCESS (185.8)
GISS (225.9)

HadGEM (225.3)
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Analytical steps of the BCD study

Step 1.Define the most important crop parameters of the simulation mod
related to key growth and yield formation processes

Step 2.Define potential value ranges for each selected parameter based
what is considered to be possible within the given time frame.

Step 3.Perform simultaneous crop parameter perturbations asing

orthogonal sampling approach

Step 4.Run simulations for baseline climate and for three different future
climates using perturbed parameter sets.

Step 5.0ptimize parameters: this leads to the identificatibideotypes.

Step 6.Perform posimodel synthesis: identify desirabitkotypes

Selected key parameters and their potential
value ranges

Explainations of the

Parameter value for

Parameter value for

Model Model parameters parameters Jokioinen Lleida
Calibrated Calibrated
value for value for
Value range baseline Value range baseline
photop_sens Photoperiod response 2.0-5.0 35 2.0-5.0 35
Vern_sens Vernalization response 0.5-1.5 1 0.5-1.5 1
y_node_app_rate(2) node phyllochron 67.5-82.5 75 90-110 100
APSIM Radiation use efficiency for
y rue(3) each phenological stage 1.116-1.364 1.24 1.116-1.364 1.24
Factor of CO; effects in C3
y_co2 te modifier(2) crops 1.233-1.507 1.37 1.233-1.507 1.37
Transpiration efficiency
transp_eff cf(3) coefficient 0.00525-0.00675  0.006 0.00525-0.00675  0.006
max_grain_size Maximum grain size 0.085-0.115 0.1 0.03525-0.07475  0.065
grains_per_gram_stem Grains per gram of stem 28-36 32 21.875-28.125 25




Jokioinen, Finland

ACCESS: 2.6€
GISS: 2.44C
HADGEM: 3.41€

ACCESS: 2.6€
GISS: 2.53C
HADGEM: 3.42€

ACCESS: 12.5%
’ GISS: 5.5%

. HADGEM: 2.0%

[ ]
@  Access: 2.75%
GISS:-1.5%
HADGEM: 3.75%
APSIM
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CropSyst
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Lleida, Spain

ACCESS: 2.6C
GISS: 1.27€
HADGEM: 2.72€

ACCESS: 2.6€
GISS: 1.3€
HADGEM: 2.12€

ACCESS:-18.3%
GISS:-0.6%
HADGEM: -0.9%

ACCESS: 6.0%
GISS:-1.0%
HADGEM: 5.3%

MONICA Jokioinen, Finland

SIMPLACE

SiriusQuality

WOFOST



