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Application of process oriented models
In Europe
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Use of process oriented crop models in European countries

Reported crop model applications (=10) in European countries
in the COST734 survey (all crops)

DSSAT WOFOST/SUCROS CROPSYST STICS M Ode I S

Crop model or model group

Reported crop model applications in European countries
in the COST734 survey (all models)

Crops
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Wheat Maize Grassland Potata Qilseed
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Reported research applications of crop models

Wheat Maize Grassland Qikeed (Rape) Potatoes Sugar heet Apple Grape Other
CERES-Wheat, SIMWASER, CERES-Maize, WOFOST, Sovbear, barley:
Ausiria WOFOST, PERITH, EFIC SIMWASER. FACLGRAN 1o Ha 1o T 1o CFRES, EPIC, SIMWASER.
CFRES-Maize, WCFOST CERESIWOF,
CERES, Weather-Vield, Weather-Vield, Barley, sunflower :
Bulgaria Hoimpel WOFQST Foimpel Statistical rodels 1o no Ho no 1o no ROIVIFEL
Croatia Ho CERES-Ivlaize 1o no Ho no 1o no no
CERES-Wheat, WOFOST, CERES-Ivlaize, FERTTH,
Czech Republic | STICS, SHOOTGROW WOFQST STICS no Ho no o no CERES-Barley
Denmark CLIMCROP, DAISY 1o CLIMICROP DAISY CLIMICROP 1o T 1o Barley : CLIMCROP, DAISY
CERES-Wheat, &FRC-Wheat,
Finland CropWath] CEBES-Iaize ] o POTATOS o ] o o
France STICS, Uopiyst, SUCROS STILS STIES STICS o SUCROS 1o STICS  |no
AGROSMV, APSI,
DAVCENT, FASSET, ACROSIVE,
HERMES, SWINI(EPIC), HERMES, SWIK (EFIC), DAYCENT,
Germany N-EXPERT D VCENT, N-EXPERT DAYCENT D VCENT HEERMES T H-¥INO | no
o no HMa no o no WOFOST -cotton,
Greece WOFOST, CERES-wheat WOFOST, CEFES-maize BE&VER-zorgum
Hungary CERES-Wheat, 4] CERES-aize, 44 m e Ho e m e e
ITC grass model CERES-Barley
Ireland Ho CEBES-Naize Dairy-girn no SUBSTOR. no no no CROPGRO (sov bean)
WOFCOST, CROPSYST,
Tialy CERES-Wheat, CEITERIA CROPSYST, CERES-hlage | no no Ho no o no no
WIOFQST, SUCROS,
LINTUS, SWACROPZ,
Neitherland WOFCQST, SUCROS WOFQST, SUCROS WOFQST, SUCRO3 | WOFQST, SUCROS SWAFP
Norway WOFOST, KONOR o ENGHOR o Mo o ] o o
Poland WOFCST 1o T 1o WOFOST 1o T 1o PO
Poriugal CERES-Iylaize
CFRES-Maize, ROMMVPEL,
Romania CERES-Wheat, ROIMPEL CROPWAT RCIWPEL ROMMIPEL RCIMPEL ROMMPEL T 1o 1o
Serhia SIRIUS, PERUN, CROPSYST no o no BAHUS no BAHUS |[no no
GLOBAL, WOFOST, GLOBAL, WOFOST,
Slovakia DAISSY, CERES-Wheat DAIS5Y, CERES-Inlaize T 1o Ha 1o T 1o 1o
Slovenia IERFIB IREFIE o no Ho IREFIE IEFFIE | no no
COLIWIH,
Spain CERES-Wheat, SWAFP CERES-Iylaize o no Ho no o SWAP | SWAP
Switzedand CROPSYST CROPSYST PaSim no CROPSYST no o no no
SIRIUS, CERES-Wheat, SUCROS, PAIM (CENTURY, |PALM(CENTURY, |PALM (CEMTURY; |PA&LM (CENTURY,
PALN (CENTURY; DSSAT), PALN (CENTURY,DSSAT), | DSSATY, DSSAT), DSSATY, DSSAT),

Uniked Kingdom

LADSS (CROPSYET)

L&DSS (CROPSYST)

LADSS (CROPSYST)

LADSS (CROPSYST)

LADSS (CROPSYST)

LADSS (CROPSYST)

PARCH —tropical crops




Problems and uncertainties
In crop model applications:

A) Caused by crop model inputs



INPUT

Crop model inputs /outputs

OUTPUT



Problems of input data quality
(Soil, weather data, plant data)

Quality of weather input data : "

A
- Homogeinity of time series (climate data!) \E
- Accuracity of measured data (technical)

- Representativity of measured data
Factors :
Soll characteristics

Topography (1)
Soll surface

Model results are as accurate as their input data !!




Reported limitations of crop model applications
In European countries

Type of limitation Number

Lack of availability of biological and crop 12
data for validation of models (long term yield
of specific varieties etc.)

Low quality of soil data like parameter value | 11
describing texture, organic content, soil
physical indicators (too low spatial resolution
for field applications etc.)

Daily weather data not available in time

Quality of (historical) weather data 1




Problems and uncertainties
In crop model applications:

B) Caused by the representation
of the simulated processes



n LEVEL 2

Flow diagram of growth model MACROS (Penning de Vries, 1989)
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Testing and comparing crop models:

Checking the sensitivity
of simulated processes and related outputs
on Input parameters
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Sensitivity of winter wheat yield to temperature and precipitation in Austria —
CERES-Wheat model (Alexandrov et al., 2002)




Deviations in simulated soil water contents

CERES-Barley - sandy chernozem
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Simulated and measured soil water in lysimeter (Eitzinger, Trnka, Zalud et al., 2003)
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COST 734 case study
Crop model comparison
(7 models:
DSSAT, EPIC, WOFOST, AQUACROP,
FASSET, HERMES, CROPSYST)

on drought and heat stress effects
on winter wheat and maize yields
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Study design:
2 years, 2 crops, 2 locations, 2 soil cultivation types

Years : 2003 (dry) and 2004 (wet)
Crops: Maize and Winter Wheat

Locations: Marchfeld (semi-arid, sandy loam),
Styria (humid, loam)

Soll cultivation: Plough and minimum cultivation (harrow)



Baseline conditions during flowering periods in 2003 and 2004

(real weather conditions)

Crop Crop Weather scenario period Tmax Tmin Precipitation
season (Flowering date + 14 days) ) Ll e
(2] i) (rmm)

A B A B A B A B

2003 VW June 1-15 dune 3-17 290 296 17.5 16.5 16 22

2003 M Jduly 13-27 Jduly 12-26 29.3 29.4 15.5 15.3 49 98

2004 VW June B-20 June 10-24 231 23.3 13.2 12.9 6 116

2004 M July 29 - Aug 12 Aug 1-15 278 26.7 14.4 15.1 T 35

Tiax: Maximum air temperature;
Trin: Minimum air temperature;
M: Maize; WW: Winter wheat;
A: Location Raasdorf (Lower Austria);
B: Location Paurach (Styria).




Weather scenarios applied on baseline
(change of a 14-day period during flowering

of maize and winter wheat)

Scenario A Tmax A Tmin > Precipitation
No. 20 g mm
- r ]

1(T4) +4 X X
2 (t4) X + 4 X
3 (Tt2) + 2 + 2 X
4 (Ttd) +4 +4 X
5 (T4P) +4 X 0
6 (t4P) X + 4 0
7 (Tt2P) + 2 + 2 0
8 (Tt4P) +4 +4 0
9 (P) X X 0

x = Unchanged baselie value (see Table 3a)
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Simulated yields for the baseline (real weather conditions)
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MAIZE — Minimum Soil Cultivation

Site A - 2003

Site A - 2004

T4 | t2 | Tt2 | Tt4 | T4P | t4P |T2P|TtdP| P T4 | t2 | Tt2 | Tt4 | T4P | t4P |TC2P|Tt4P| P
DSSAT 154 | -105| 139 | -158 | 343 | 322 | -32 | -376 | 296 249 | -221| 239|283 | 25 | -223| 237 | -284 | -19
EPIC 8.5 4 27 | 54 | 459 | 443 | -451 | 47 | 435 €2 IS 11| 21 | -127]| 31 | 83 -9 73
WOFOST | -153| 69 | 111 | 235 | 667 | 622 | 648 | -728 | -553 105| 52 | 83 |-169| 161 | -111| 14 | 224| -6
AQUACROP| 41| 37| 45| 56 | 867 | 86 | 863 | 868 | 858 GEll 19 | 24 || 28 | 135| -118| 1125 | -133 | 1121
FASSET 2 -2 -2 51 | 222 | 222 | 222 | 244 | 222 48 | 48| 48| -78 | 58| 58 | 58| 92 | 06
HERMES 2 2 2 13 | 262 | 262 | -262 | -396 | -35.1 SONINSoRIESall o8 | 37 | 37 | 37 | 234 |14
CROPSYST | 56 | 35 | 17| 51 | 111]| 51| 86 | -102]| -74 65| 28 | 12 | 37 | 155|114 | 136 | -146 | -13
mean 7 | 1.9 | 48 | -85 | -41.9 | -39.7 | -40.7 | -45.5 | -39.8 69 | -32 | -54 | -9.2 |-132)| -9.9 | -11.7 | -17.2 | -8.1
Site B - 2003 Site B - 2004
DSSAT 35| 07| 29| -77 | 543 | 542 | 548 | -588 | -50.9 06 | 06 | -01 0 |-158| 13 | 144 | -152 | 142
EPIC 8 | 11| 46 | 99 | 669 | 661 | 665 | 695 | 632 6 16 | 25| 6 | -165|-108| 141|176 | -11.1
WOFOST |929]| 51 | -05 | -126 | 005 | 003 | 005 | 00a| -11 7 88| 21 | 27| 67 | 221 | 205 207 | 236 | a8
AQUACROP| 4 | 63 | -78 | -101 =tz | =76 | 765 | 772 | 758 07| 02 | 03| 09| -43 | -408| 418 | 405 -40
FASSET 29| 29| 29| 46 | 261|261 | 261 | -253 | -23.9 45| 45| 15| 11| 06| 06 | 06 | 04 1
HERMES 63| 63| 63| 81 | 693 | 693 | 693 | 692 | 698 63 | 63 | 63 | 72 182 | 132 | 132 [ 142 65
CROPSYST | 74| 06| 52| -71 | -116| -73 | -101 | -102| 94 416 | 37 | 44 9 | 278 | -231| 258 -266 | 249
mean -17.8| -27 | -45 | -7.8 | -59.3 | -58.2 | -58.8 | -60 | -44.9 46 | 1.2 | -06 | -22 | -107| -84 | -9.5 | -105 | -7.5




MAIZE — Plough

Site A - 2003

Site A - 2004

T4 | t2 | Tt2 | Tt4 | T4P | t4P |T2P|TtdP| P T4 | t2 | Tt2 | Tt4 | T4P | t4P |TC2P|Ttd4P| P
DSSAT 473 | -112| 14 | -157| 365| 355 | 356 | 378 | -36.3 223|207 | 216|247 | 221 | -195| 218 | 249 | -20
EPIC 8.3 |N42] 25 5 | -451| 436 | 444 | -46 | 429 55 [B16M 23 | 42 | 122| 78 | -102 | 119 | 82
WOFOST 18 | 83 | -133| 281 | -712| 679 | -70 | =787 | 611 124 | 69 | 99 | 211|196 | -144 | 172 | -118| -81
AQUACROP| 55 | 34 | -4a1 | 57 [ -906| 90 | 903 | 928 | 899 41| 06| 2 | -46 | 358 339 | 347 | -359 | -335
FASSET 21| 21| 21| 47 | 251 | 251 | 251 | 263 | -243 Qo ad| 32 | 25 | 25| 25| 5 | 21
HERMES 04 | 04| 04| -76 | 437 | -437| 437 | 625| -33 23 | 273 | <73 | 234 212 | 212 | 212 BN e
CROPSYST | 77| 15 | 39| -10 | 288 | 262 | -276 | 286 | -27.3 39 | 05 2 | 27 | 42 |Be =23 | =3 |06
mean -85 | -28 | -58 | 11 | -48.7 | -47.4 | -48.1 | -53.2 | -45 -8 | 49 | -65 | -12 | -16.8 | -142 | -157 | -185 | -10.4
Site B - 2003 Site B - 2004
DSSAT 55| 21| 47| 8 |562|-563|-568| 602|533 07| 07| 02 | 02 | 148|122 | 134 | <147 | -12.1
EPIC 8 | 13| 48 |-102| 668 | 66 | 664 | 695 | 628 6 14 | 25 | 62 | -169 | -122 | -147 | -184 | 119
WOFOST | 944| 69 | 82 | -119 | -998 | 907 | 907 | 100 | -10.3 202 | 24 | 29| 69 | 233|219 | 221 | 246 | 47
AQUACROP| 41 | 77| 92 | 115|794 | 785 | -788 | -795 | -785 55| 14| 33| 65 | -6584| 567 | 574 | -588 | -56
FASSET 03 | 03 | 03 | 17 | 234 | 234 | 234 | 238 | 245 02| 02| 02| 13|17 | 17| 17 | 05 | 18
HERMES 167 | -167|-167 | -164 | 695 | 695 | 695 | 692 | 698 35 | 35 | 35 | 68 9 9 9 116 | 62
CROPSYST | 53| 16 | 33| 37 | 53 | -05 -4 37 | 42 124 | 36 | 79 9 | 226| 14 | 191 | 20 | -13.2
mean -19.2 | -3.7 | -59 | -8.1 | -58.7 | -57.6 | -58.5 | -59.4 | -44.7 52| 08 | -14 | -24 | -10.7| -81 | -9.4 | -105 | -5.9




WINTER WHEAT — Minimum Soil Cultivation

Site A - 2003 Site A - 2004
T4 | t2 | Tt2 | Tt4 | T4P | t4P |T2P|Tt4P| P T4 | t2 | Tt2 | Tt4 [ T4P | t4P (T2P|Tt4P| P
DSSAT ol o7 1ol 85 | 69 | 77 | <73 | -le9 | 35 144|129 | -133| -15 | -175| -165| -17 | -164 | -155
EPIC 144 | 02 0 0 94 | 102 | 99 | 01 | -144 46| 4 | 42| 94| 53| 4 | 43| 96 | 01
WOFOST 294 | -133| 20 | 401| 36 | 201 | -267| 46 | -73 433| 78| -10 | 214| 203 | -148 | -168 | 281 | -7
AQUACROP| 43| 04 | 36 | -72 | -142 | -108| -11 | -143| -78 6 | 06| 52| 62 | 216|-185] -19 | -217]| -18
FASSET 3 3 3 23 | o6 | 06 | 06 0 1.3 03 | 03 | 03 | 04 | 04 | 04 | 04 0 0.3
HERMES 61| 61| 61 |-194| 246 | -246 | 246 | -275 | -21 51| 51| 51 | -185| 220 | -229 | -229 | -406 | 134
CROPSYST | o8 | 94 -3 49 | 98 | 94 -3 -49 0 157 |0 84 | 66 | -118|-183| 27 | -103| -142| 56
mean -9.1| -1.9| -4.7| -11.3| -11.7| -6.5| -9.3| -158| -7.8 -7.8| -31| -57| -11.1| -12.7| -8.4| -10.7| -16.3] -6.3
Site B - 2003 Site B - 2004
DSSAT 19 | 07 | 14 | 36 | -119]| 114 | -11.7| 144 | 102 34 5 49 | 86 | -49 | -5 35 -8 03
EPIC 49 | -1 35| 69 | -142| 96 | -121 ]| -131 | -105 47 | 42 | 44| 97| 5 | 43| 46| 98 | -0.1
WOFOST | -353|-151| 246 | -438| 619 | -446 | 532 | 683 | 323 69| 62| 65 |-135| 88 | -71 | -78 | -155| 08
AQUACROP| 56 | -78 | 54 | 84 | 342 | 363 | -342 | 367 | -337 0.1 0 0 01 | 02 | 03| 02| 02| 02
FASSET 53 | 53 | 53 | 45 | 24 | 24 | 24 | 16 3 0 0 01| 04| 04| 04| 04| 07| 03
HERMES 07| 07| 07| 16| 25| 25| 25| 34 | 18 45 | 45| 45| 87| 46 | 46 | -4a6 | 88 | -01
CROPSYST | 45| 26 | 17| 29| 45| 26 | <17 | 29 0 7.3 3 | 57| 95| 42 | 35 | 69 | 02
mean 62 | -26 | -47 | -9.1 | -16.7 | -12.7 | -14.3 | -18.1 | -10 38 | -22| -33| 66 | 47| -24 | -35 | -7.1 | -0.2




WINTER WHEAT — Plough
Site A - 2003

Site A - 2004

T4 | t2 | Tt2 | Tt4 [ T4P | t4P [T(2P|Tt4P| P T4 | t2 | Tt2 | Tt4 [ T4P | t4P [T2P|Tt4P| P
DSSAT aadll -9 el 57 | 42 | a9 | 45 | -85 B3 58 =gl 55 |4l o6 | 87 | 91 | <78 | 85
EPIC 25| 69 | -79 | 156 -114| -8 10 | -162 | -18.3 76 =180 44 | 95 | <107 | 2% | -72 | 122 | 32
WOFOST | -322|-145|-216| 429 | -409 | 238 | 308 | -509 | 99 151 | 89 | -113| 237 | -239| 18 | 202 | 32 | 93
AQUACROP| -11 | 03| 07| 14| 13| 06 | 09 | 35 | -04 65| 05 | -11 | 167 | 20 | 242 | 285 | -31.1 | -239
FASSET 85 | 85 | 85 | 78 | 67 | 67 | 67 | 61 | 74 2olNao IR all 02 | 42 (Il 12 | 42 || 04 | o8
HERMES 96 | 96 | 96 | -198 | 226 | 226 | 226 | 257 | -16.9 92| 92 | 92 | 277 | 281 | 281 | 281 | -486 | -126
CROPSYST | -107 119 | 29 | 57 | -107 | 119 | 29 | 57 0 165 | 72 | 64 | -121|-201| 24 | 111 ]| -154| 56
mean -10.2| -2.2| -55| -12.4| -13.4| -7.2| -10.6] -16| -6.5 -7.7l -24| -5.1| -11.3| -145| -89| -12| -18.1| -6.4
Site B - 2003 Site B - 2004
DSSAT =y 1=l = 38 | -137 | -131 | <132 | -187 | =12 48| 5 | 49| 86 | 49 | -51 5 | 86 | 03
EPIC 56 | 09| 33| 64| -16 | -103 ]| -133| -138 | -11.8 47 | 42 | 44| 97| 5 | 43| 46 | 98 | 01
WOFOST | 343|-155| 242 | -413 | 646 | -526 | -503 | 671 | -41 69| 62| 65 |-136|-113| 86 | 94 | -183| 1.7
AQUACROP| 79 | -107| -75 | -116 | 283 | 342 | -312 | -347 | -276 0 0 0 0 02 | 03 | 02| 02 | 02
FASSET 53 | 53 | 53 | 43 | 24 | 24 | 24 2 3.1 09 | 09| 09| 13 0 0 0 09 | 03
HERMES 64| 64| 64| 72| 91| 91| 91| 01 | -74 44 | 44| 44| 86 | 45| 45| 45 | -87 0
CROPSYST | 47 5@ 17| 3 | 47 A 17| -3 0 73 | 42 3 | 57 | 100 B8N 47 | 8.1 | 14
mean 72 | -34 | 49 | -9.4 | -17.9 | -15.2 | -16.6 | -19.3 | -12.6 41 | -24 | -34 | 68| 52| -26| -4 | -75 | -04




Potential reasons for deviations between the models

Differences in simulated basic water balance parameters (Eto,
Interception, etc.)

Differences in simulated root growth and water uptake
Differences in simulated N-balance (if simulated)
Differences in simulated biomass accumulation and LAI

Differences on model parameterization of cultivar temperature
response and water stress impacts.

Differences in vyield estimation details (Final harvest index vs.
Biomass distribution processes etc.)

more



(General) CONCLUSIONS

The crop models agree with few exceptions in general yield trends in
the baseline scenarios (in respect of the influence to the year and
location).

All models show for winter wheat higher relative yield response to
temperature increase than for maize.

All models show for maize higher (negative) yield response to skipped
precipitation (water stress) than for winter wheat.

The models show mixed yield reponse to increased temperatures for
both crops (positive and negative ones).

Under water stress the models show mixed yield reponse for winter
wheat (positive and negative ones) and mostly significant negative
yield response for maize.

All models respond to soil cultivation, but in different way and range.

Huge differences occurred between the relative yield responses to
water stress between the models.
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