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Agricultural production models -
Do we have what we want for research of
climate change impacts ?

Professor Jagrgen E. Olesen
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Challenges for impact assessments

Ulncreasing atmospheric CO, concentration
Ulncreasing temperatures
t Changes in rainfall

U Changes in extreme events
U Heat waves
U Droughts
U Floods
U Hail
U Storms
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Projected changes in temperature and rainfall from
1980-1999 to 2080-2099 (scenario A1B)
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Methods of studying climate change impacts

U Crop simulation models

U Empirical (statistical) models
U Agroclimatic indices

U Space for time - analogies

U Expert knowledge
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Simulation and production levels
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Biomass growth in CROPSYST
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Comparison of crop models
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(a) Leaf area index '85/'86
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(d) Nitrogen uptake by crop '85/'86
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Comparison of crop models

(b) Evapo-transpiration

(a) Grain yield
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Fig. 4. Sensitivity of (a) grain yield, (b) cumulative evapo-
transpiration and (c) CV of grain yield to changes in mean
temperature for winter wheat in Rothamsted, UK, as simu-
lated with the SOILN, SIRIUS, NWHEAT, CERES and AFRC-
WHEAT2 (AFRC ) models for the potential (+I) and water-
iimited (-1) production situations. Results were established
for 30 yr of generated weather data for the baseline climate
where temperature values were changed by the amounts
indicated
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Crops differ in response to temperature
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Heat stress in crops

60
Table 1. Effect of heat events on the harvest index of
T aestivum cv. Chablis (after Wollenweber et al. 2003).
(Values are given as means (#=30). Within a column, means — 40
followed by the same letter are not significantly different at the E%
p=0.05 level, using the Tukey test. Heat events (HT) were D
induced during the double-ridge stage (DR; 25 °C) and/or ‘g
anthesis (AN; 35°C).) = 20
treatments main tiller side tillers
control (no HT) 0.52a 0.43 b 0 : : : ,
HT at DR 0.54a 0.48 a 25 30 35 40 45
HT at AN 0.34b 0.30 ¢ mean floral bud temperature (°C)
HT at DR+ AN 0.31b 0.29 ¢

Figure 5. Relationship between percentage fruit set (angular
wansformed dara) and mean floral temperature, from 08:00
to 14:00 h, 9 days after flowering in groundnut (Vara Prasad
et al, 2000),

Porter and Semenov (2005)
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Data on yield of winter wheat 1992-2008 (no. obs)
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Winter wheat grain yield i response to climate
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Phenology and
root depth In
winter wheat
depending on
winter temperature
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Estimated yield change for winter wheat
using empirical model

Climate model Yield (t/ha) CV (%)

1985 7.3 16
2020 KNMI 7.2 20

Met. Office 6.9 33
2040 KNMI 7.0 25

Met. Office 6.5 46
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Simple temperature
sum indices of
crop suitability

[ Unsuitable Suitable under climate change
B Uncertain [ Suitable now

Grain maize

Sunflower
Soybean

Grapevine
Chardonnay
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Koppen climate regions, 1961-1990
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Koppen climate regions, 2020 (A2)
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Koppen climate regions, 2050 (A2)
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Koppen climate regions, 2080 (A2)

Warm climate
1 Dry
1 Verydry

Mild climate

Dry summer

E Rain all year

Cool climate

Polar climate
[ Tundra
1 Ice/snow

Jylh& (2007)



AARHUS
¥ UNIVERSITY

Climate in Denmark in 2100 - current analogues

B2 A2

Jens-Christian Svenning
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Winter wheat yields in Europe (t/ha) i space for time model
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Current and future crop rotations on loamy soil in

Denmark (analogy and expert knowledge)

Area coverage

Present crop rotation

Future crop rotation

50%
farms)

(arable/pig

Winter barley
Winter rape

Winter wheat
Winter wheat
Spring barley

Winter barley
Winter rape
Winter wheat
Grain maize
Spring barley

20% (dairy farms)

Spring barley (undersown)
Grass seed

Grass seed

Silage maize

Silage maize

Spring barley (undersown)
Grass seed

Grass seed

Silage maize

Silage maize
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Current and future management of winter wheat In

Denmark (analogy and expert knowledge)

Date future

Operations GS Date Input  present Input future per
present per ha 2050 ha
Ploughing 12 Sep 28 Sep
Sowing 15 Sep 1 Oct
Application of insecticides 21 20 Oct 0.15 Rarate
Application of herbicides 15-21 20 Oct Boxer EC + 200ct Boxer EC +
DFF + Oxitril DFF + Oxitril
(1+0.04+0.12) (1,15+0.05+0.12)
Application of nitrogen 25 15. Mar sokg N 10 Mar sokg N
Application of herbicides 50 1 Apr 0.4 Starane XL 20 Mar 0.4 Starane XL
Application of PGR 31 5 May none 25 Apr None
Application of fungicides 1 32 10 May 0.25 Folicur 1 May 0.25 Folicur
Application of nitrogen 52 10 May 85 kg N 1 May 83 kg N
Application of fungicides 2 55 5 Jun 0.75 Bell 238 May 0.75 Bell
Application of insecticides 71 30 Jun 0.15 Rarate 20 Jun 0.15 Rarate
Application of glyphosate 89 1 Aug 2 1 glyphosate 20 Jul 2 1 glyphosate
Harvest 15 Aug 1 Aug
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Current and future pesticide treatment frequency
Index for crop rotations on loamy soll in Denmark
(analogy and expert knowledge)

il

Area Present crop TFI  Furture crop TFI
coverage rotation rotation
80% Winter barley 1,6 Winter barley 2.9
(arable/plg  Winter rape 4,3 Winter rape 5,8
farms) Winter wheat 33 Winter wheat 3,9
Winter wheat 2. 7%  (Grain maize 2.5
Spring barley 1,7 Spring barley 1,3
Gns Bl per year 27 3,1
20% (dairy Spring barley 1,8 Spring barley 1,3
farms) (undersown) (undersown)
Grass seed 2.3 Grass seed 27
(Grass seed 23 (Grass seed 27
Silage maize 1,6 Silage maize 2.5
Silage maize 1,6 Silage maize 2.5
1,9 2.3

* glyphosat not included
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Climate change impacts for 2050 i Perceived by agronomists

Winter wheat
Growth | Overwin- Suitable | Seasonal Heat Pest& Soil Nitrogen
Duration | tering Frost harv. |variability| Drought | stress Hail Diseases | Weeds | erosion losses

Negative values imply decreases
Positive values imply increases

COST 734

Environmental Zone
I - - Apine North

[ =0R - Boreal

[ ] NEM- Nemoral
[ AT - Atantic North
- ALS - Alpine South
[ con - Continental
[ ATC- Atantic Central

I ~:N - Pannonian

: LUS - Lusitanian
[ | ANA- Anatolian
- MDM - Mediterranean Mountains
[ VN - Nediterranean North &g

| MDS - Mediterranean South
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Adaptation by 2050 T expert evaluations

Winter wheat

Al
A2.
AS.
A4.
A5.
AG.
AT.
A9.

Timing of field operations

Changed cultural practices

Changed fertilisation

Changed crop protection

Cultivars adapted to warmer and drier
Soil water saving technologies

Soil erosion and fertility protection
Monitoring drought, pests and diseases

A10. Use of seasonal weather forecasts
All. Crop insurance

The Environmental Stratification of Europe

Environmental Zone
I LN - Alpine North

[ &R -Borea

[ ] NEM- Nemoral
[ A7 - Atantic North
- ALS - Alpine South
- CON - Continental
[ ATC- Atantic Central

I ~:N - Pannonian

: LUS - Lusitanian
[ | ANA- Anatolian
- MDM - Mediterranean Mountains e
[g MDN - Mediterranean North :.‘ o
| MDS - Mediterranean South
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Are our models suitable?

U Crop simulation models only cover a limited part of the impacts and adaptation
options needed under climate change

U Some of the indirect effects of climate change (e.g. through weeds, pests and
diseases) are not covered by simulation models

U There are many more options for exploring climate change impacts than crop
simulation models

U We need to further test and improve our crop simulation models to cover not only
change in mean climate, but also in variability and extreme events

U We need to better integrate crop simulation models with other types of impact
assessment approaches, including empirical ones



