THE USE OF DYNAMIC CROP MODEL
FOR SIMULATION OF MAIZE YIELD IN
CURRENT AND CHANGED CLIMATE
CONDITIONS

ANDRE) CEGLAR

Centre for agrometeorology
iversity of Ljubljana, Biotechnical faculty




INTRODUCTION

* Climatic conditions have a decisive impact on crop yield

variability

* Devising an adaptation strategy - importance of

Pregiveiichange

climate models

* Crop yield

* Top bottom appra

* statistical approach
 dynamical approach

«

* synthetic scenarios (weather generators)
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INTRODUCTION -

* Crop selection: maize (Zea mays L.) &

* grown on 40 % of all fields

* 1/3 - silage maize, 2/3 - grain maize

* Iin last decades, maize production was decreasing due
to unfavorable climate conditions (increased drought
intensity, extreme weather events)

Photo: J. Rupreht




NTRODUCTION

1st phase - selection and calibration of crop model

* dynamic crop model WOFOST (van Keulen et at., 1986;
Boogard et al., 1998) |

* selection of the study location
* Simulation of plant development - important part of

methods)

* how to account for uncertainty in crop model
simulations

* sensitivity analysis and calibration of the crop model

dynamic crop simulation models (different phenologlcal |




INTRODUCTION

2nd phase - simulation of maize yield in changed climate
conditions

* employ an ensemble based probabilistic approach, that
accounts for uncertainties in climate model simulations
as well as the parametric uncertainty in crop model

* determine the importance of bias correction in
simulation of meteorological variables on regional level

* partition the variability of ensemble yield simulations
among WOFOST model parameters, RCM selection an
Inter-annual variability

* sensitivity of maize growth to variable weather
conditions during the growing season




- DATA

/.
+ Grain maize FAO 300-400. /8
— Furio variety, grown from 1995 until 2008, stable and /
high yields |
— Maize yield data for each year (Agricultural institute of
Slovenia)

— Phenological data: sowing, emergence, tasseling and
maturity dates (Agricultural institute of Slovenia)

Meteoroloaical data (Environmental Agency RS)

ubljana
VO mes
urska 0.45
bota
Pridelek [t /ha]
Leto Murska Sobota Jablje Novo Mesto
1995 12,12 10,75 12,67
i 1996 10,47 8147 12,22
e 1997 11,73 14,27 15,76
v”;;_f; N OVO ‘ esto 1998 8,17 13,93 12,87
Y (o] 1999 11,15 11,97 10,24
2000 6,55 / 10,38
- 2001 425 9,04 7,37
2002 11,73 15,37 16,20
2003 1,51 / 6,50
2004 11,04 11,87 13,47
2005 11,20 10,88 10,89
2006 9,35 /
2007 6,57 13,17 12,05

2008 10,47 11,24 11,07




- DATA

* Simulations of regional climate models (RCM) from the
ENSEMBLES project (http://ensemblesrt3.dmi.dk)

. * SRES A1B emission scenario B
* 25 km horizontal resolution

| -._]° Period between 1961-2100

HadCM3



- METHODS - crop model

.:._; Crop model WOFOST
* Simulation of physiological processes in plants on daily basis: _,.f/

* Phenology
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= METHODS - sensitivity analysis

Table A1. WOFOST parameters and statistical settings used for lysis. Shaded p
were aelected for subsequent model calibration.

4
Parameter  Parameter description Unit Range Literature
BeTcam, 3
LAIEM Leaf area index at emergence haha-1  0.04— Driessen (1988), Boogard et al.
008 (1998) :
RGRLAI  Maximum relative increase in LAl haha-1  0.02— Kajfe3-Bogatsj (1389), Boogard st o Resolution levels model structures
004 al (1988) | | |

SLATBOD Specific leaf area at development ha kg-1 0.00Z2- Driessen (1888), Boogard et al. m

stage 0 0.0035 (1998) 5
SLATBOTE  Specific leaf area al developmeni hakg-1  0.0010- KaifeZ-Bogats] (1589), Lehuger et f

stage 0.78 00018 al (2008)
SLATB200  Specific leaf area al development hakg-1  0.0010- KaifeZ-Bogats] (1989), Lehuger et

stage 2 0.0018 &l (2008) . . . .
SPAN Life span of leaves, growing a1 36 ¢ 30-35 Driessen (1985) fl t >Il Simulation l“ncertamty analysis | /

°C :

model

TBASE Lower threshald temperature for ~ °C 810  Kajfed- j (1983), Dries T z

ageing of leaves {ﬁﬂgae;, m{m a:.J {zwa?m output ISBIISIth]t)’ analﬁls|

Extinetion coeff. for diffuse visible 0.4d—  Kaifes-Bogataj (1989), Awal et al. | |

light at development stage O 085  (2006), Boons-Prins et al. {1883) \ >,

Extinetion coeff. for diffuse visible 0.44-  KaifeZ-Bogataj (1989), Awal et al. —

light at development stage 2 065  (2005), Boons-Prins et al. (1983) E n parameters

Light use efficiency of single leaf kg ha-1 045 Lindguist {2001) ’”h

{at temp. 0 °C) bt Jot 2055

5
Light use efficiency of single leaf  kgha-1  0.45— Lindaguist (2001) Ifeedhacks on input data and model factors
{at temp. 40 °C) bt J=1 2 055
s Source: wikipedia.org

Maximum 002 assimilation rate as kgha-1  65-72 KajfeZ-Bogatsj {1888)

a function at 0 °C -1

Maximum COp assimilation rate a5 kgha-1 5565 KajfeZ-Bogats) (1889)

a function at 15 °C -1

Maximum OO assimilation rate as kgha-1  40-50 KajfeZ-Bogatsj {1889)

a function at 17.5 °C h-1

Maximum 002 assimilation rate as kgha-1  15-25 KajfeZ-Bogats (1889)

a function at 20.0 *°C -1

Reduction factor of AMAX at 8 °C 005  Kropff et 2l (1993)

0.225




- METHODS - model calibration

* Calibration of the WOFOST model
 Bayesian approach - integration of the prior knowledge

o into parameter estimatinn
7(Oly) = 7(Y|O)n(0)/=(Y)

““* s Prior parameter distribution
|

ld measurements and phenological o

Posterior parameter distribution

j,iPosterior distributions can’t be analytically derived
> ' Markov Chain Monte Carlo methods represent an effective way
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- METHODS - bias correction

* Statistical “downscaling” of ENSEMBLES simulations
* Input data to crop model:
* raw RCM simulations
* statistical bias correction (Pianni et al., 2009)
* adjusting cumulative probability functions of
simulated variables to those, measured at
meteorological stations

Hor = £ e (ot Frons(omem. Yrear)) - Precipitation: gama distribution

b - Minimum air temp., maximum air temp., water
12 vapor pressure: Gaussian distribution

W - Global radiation: beta distribution
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- RESULTS - sensitivity analysis

RDMCR
ARl
R

ROOTING

ROASTEZ0)
RERSTEIS00
PERDL

DEATH RATES

1 main effect
0 interactions

FOTE120

FOTB110

] FLTE110
T, FLTHDES
FLTBOES

FLTED33

FLTEDM
. N FRTECH)
\ FRTBOED

E}: FRTED50
FRTB40

| o
RFSETEZ00

, RFSETRITS

G

)

PARTITIONING

RMS
RAMA
AMO
ML
10

:

¢

MAINTENANCE
RESPIRATION

I
)

CONVERSION OF
ASSIMILATES INTO
BIOMASS

-0 =

i

ASSIMILATION

{

%f

INITIAL
COMDITIONS

RDMCR
ARl ROOTING
ROI
AoRsTn DEATH RATES O main effect
PERDL O interactions
FOTB120
FOTB110
FLTB110
FLTB095
FLTB0BB
FLTB033
FLTEQD PARTITIONING

FRTB030
FRTB060
FRTBO50
FRTB040
FRTB0O
RFSETB200
RFSETB175

RMS
RMR
RMO
RML
Q10

7
¥

MAINTEMANCE
RESPIRATION

cv8
CVR
cvo

CONVERSION OF
ASSIMILATES INTO

CVL F BIOMASS

TMPFTB20
TMPFTB18
TMPFTB16
TMPFTBY
AMAXTB200
AMAXTB175

AMAXTB150 ASSIMILATION
AMAXTBOO
EFFTB40

EFFTB0
KDIFTB200
KDIFTBOO

TBASE
SPAN

SLATE200 |

SLATB078
SLATBOO

o
o
=]
—

0.3

0.4

RGRLAI
LAIEM
oWl

.

INITIAL
COMDITIONS

0.0 0.1

* Year 2002 - good growing condi&mn3003 - drought and heat stp/éis’g




1114

- RESULTS - posterior simulation of maize yield 1
/
/

Posterior simulations of maize yield

Murska Sobota
Movo Mesto

20

15

Yield [t/ha])
10

o
1996 1998 2000 2002 2004 2006 2008 1996 1998 2000 2002 2004 2008 2008
Year

Year
Lokacija i RMSE [t /ha]
Murska Sobota 0,72 Lo
Ljubljana 0,51 L4

Movo mesto 0,76 0. 94




* Bias correction performance
* Minimum and maximum temperature

RCM simulations RCM simulations, RCM simulations RCMam., [[— oo
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RESULTS - climate models simulatic}E

* Bias correction performance
* Precipitation - rainfall intensity and frequency of wet

Probability density
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- RESULTS - using raw and bias corrected simul:

* Simulation of yield, using raw and bias corrected RCM
simulations
* Highest deviations in the case of raw RCM simulations

(models, that underestimated rainfall frequency in ;"
{ summer) I i ,
Murska Sobota ) Ljubljana . C— iignificantly '
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- RESULTS - climate projections

* Climate projections - summer temperature and
precipitation changes
In Murska Sobota

1980 2000 2020 2040 2060 2080 1980 2000 2020 2040 2060 2080

-30 20 -10 [v] 10 20 30 40 50

-50  -40

2000 2020 2040 2060 2080
2000 2020 2040 2060 2080

Higher uncertainty in the case of daily rainfall intensity
#* projections

- * different models disagree in the sign of the change

~ + all models, however, agree on the sign of change of
precipitation frequency (drying in summer)




- RESULTS - climate projections

* Simulation of maize yield and phenological development
* 8 RCMs, 30 years, 10000 posterior sets of the WOFOST

parameters

(2
g
=
= i
o
£
ao 7
Lo
>._
-0
o
t5
=
o
Qg
0 2 4 '8 8 10 12 14
L -
o
2
wv o
g
™
-3
Z. -
Eo 7N\
D=
£S / \
Q_—*—%{—.'——.r_.rs-l-
o

0 2 4 8 8 10 12 14
Yield (tha)

N

Reference pericde=>

o
-
= w
)
ta
g0
[+]
k4
'%o'
= —1061-2090
Eo — 20212050
=O = 1991-2020
s B Ay e e
80 40 20 0 20 40
23
ﬁo’
e~
s
E Lok
;EO I’[\ \Y
[} Vi \ \
£ L S,
g \ !
Ay L==ed”y Y
g LSS i
o
80 40 20 0 20 40
Yield change (%)
o _
= -
s o
8 o7
[}
g g |
g_ [=1
g =
-
E o
= o
=
» o |
o
120 140 160 180 200
= 3
B g
£
Es -1
LA
I 2+
5] [=]
W
Q -
o]
(=]
= el TR p E— —
[=]
120 140 160 180 200

Colzina msine sezone [&. dni

Kumulativna porazdelitey

Gozlola verfeinosti

00 02 04 06 0.8 10

000 002 004 008 0.08

e density

Avernge yield Period
(1546115900 [t'ha) change (%)

Murska Sobota

Water rated §.6 199]1-2020 4 17"

preducton 2021-2050  -16 20==
2061-2000 234 17*

Patential 9.2 1991-2020 -3 B A

preducton 2021-2050  -13 B
2061-2000 29 B

Nowo mesto

‘Water limited 10,4 1991-2020 -3 2]

production 2021-2050  -12 21"
2061-2000 231 33

Potential 10.9 19a91-2020 -] e

productar 2021-2050 9 -18*
2061-2000  -32 -12*

Lijubljana

Water lrmited. 8] 1991-2020 0 35

production 2021-2050  -10 0%
2061-2000 27 £k

Patential B 19491-2020 1 Bk

production 2021-1050 R [
2061-2000 -24 5"

| — 013080
— 3021-2050

e 1991-2020

40

20 o 20 40

40 20 1] 20 40
Sprememba dolzine msine s=zone [25]




- RESULTS - climate projections

* Adaptation possibilities - earlier sowing, soil with higher water holding

Capacities
Setev Povp. vigina pridelka . Povpreéje
[datum] (1961-1990) [t/ha] Obdobje [‘{
I april 0.4 [100° 1001-2020
2021-2050 1 4
0612000 26
9.6 [10,1]8 1901-2020 -2
2021-2050  -10
0612000 22
10 april 0,30 [08]° 10012000 4
2021-2050  -16
061-2090 28
9.5 [9.8]8 1001-2020 -3
M21-2050 11
061-2000  -24
0. april 8.9 @A]° 10012020 4
0212050 -15
612000  -32
0.2 [0.6]8 1001-2020 -4
2021-2050  -13
612000 27
0. april 86 @2]° 10012020 4
2021-2050  -16
061-2000  -34
8,0 [0,2)% 1001-2020 -3
2021-2050  -13
061-2090  -20
0. maj 82 B,7° 10012020 -3
20212050  -13
061-2090  -34
8.5 [B,7]8 1991-2020 -2
2021-2050 11
612090  -30
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Texture 7:
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- CONCLUSIONS

1. The WOFOST model was used to study the impact of
climate change on maize yield

- Sensitivity analysis revealed the subset of influental
model parameters in terms of their impact on simulated
weight of storage organs at the end of growing season

- - Bayesian approach for model calibration resulted in
posterior parameters and maize yield distribution - '
¥ estimate the impact of parameter uncertainty on




- CONCLUSIONS

2. RCM simulation, corrected for bias, significantly
improved statistical properties of climate variables in
the validation period. Corrected RCM simulations also
significantly improved maize yield estimations, when
used as input to the WOFOST model.

3. Climate scenarios for selected study locations: ’ 1
- Increase of minimum and maximum temperature in"

£ - Higher degree of uncertainty when simulating
oy * changes in daily precipitation intensity (especially in the
& warm half of the year). Seasonal precipitation is expected
¢ to increase during winter and decrease in summer

. - Maize yield is expected to decrease between 12% and
16% in the middle and between 27% and 34% at the end
- of the 21st Century (in comparison to the reference period
'+ 1961-1990).




- CONCLUSIONS

4. Study has taken into account uncertainties, entering at
different levels of modeling |

- Ensembles probabilistic approach enabled the
quantification of uncertainties, related to RCM selection
and WOFOST parameter uncertainty

- Used approach could be also applied for other

crops and regions
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