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Abstract:

It is obvious that production stability and quality would be influenced under changed climatic
conditions and that these changes will be locally depended. In order to assess trends, magnitude and
effect of adaptation strategies we applied crop growth model CERES-Barley. This model was
evaluated using data from 17 experimental sites with 230 experimental years in total. The
experimental database was also used to verify whether the model correctly simulates differences in
crop growth processes caused by varying farming techniques, climatic and soil conditions. In order to
carry out spatial analysis, the model was run for all combinations of 125 weather stations using 394
characteristic soil profiles using special software package: Marwin. The results were then interpolated
into a 1x1 km grid matrix using ArcInfo GIS and only grids on arable land were analyzed further. The
“indirect” effect related to changing climatic conditions was found to be mostly negative especially
due to higher water deficit during vegetation season. The magnitude of the “direct” effect of increased
CO; on the stressed yields is quite significant but its manifestation remains to be seen in practice. The
model outputs show that some areas will likely suffer from much higher yield variability with frequent
chance of crop failure whilst others regions (especially those in higher altitudes) are likely to benefit.

Introduction

Central Europe is located between East and South European climate change hot-spots (Fig. 1) where
the climate change impacts are thought to become visible sooner or will be more pronounced or both
(Giorgi, 2006). Despite the fact that agriculture is by no means a dominant activity in the region it
remains an essential part of economy, and of the landscape. In many cases it specializes on production
of selected crops (e.g. spring barley) that are then utilized for valued commodities. Therefore it is
necessary to evaluate potential risks to spring barley production and propose set of feasible measures
for eventual mitigation of the impacts. Crop growth models, which have been developed since the
1960’s, have been regarded as important tools of interdisciplinary research (e.g. Witt et al., 1985) and
have since been used in number of areas as e.g. assessment of agriculture potential of a given region
(e.g. Aggarwal, 2000), in the field of crop yield forecasting (e.g. van Diepen, 1992 or Perdigdo and
Supit, 1999) or as climate change impact assessment tool (e.g. Wolf et al., 1996; Alexandrov and
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Hoogenboom, 2000; Izaurralde et al., 2003). Even though there have been several studies evaluating
risk of expected climate change on the Czech cereal production in the past (e.g. Kalvova et al., 2002;
Zalud and Dubrovsky, 2002; Trnka et al., 2004b or Trnka et al. 2004b) none included spatial aspect in
the assessment. The presented study is the first of this kind (at least to the author” s knowledge) that
have been conducted with such high resolution over the entire territory of the Czech Republic.

Material and methods

The crop model CERES-Barley (v. 3.5) was calibrated at 4 sites across the study area (Fig. 1) that
were characterized by significant altitudinal range (176 and 540 m a.s.l.) and rather representative
climatic conditions for the spring barley production in the Czech Republic (mean annual temperature
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Fig. 1. Geographical location of the experimental sites

from 6.8 to 9.6 °C and mean annual sum of precipitation between: 461 and 575 mm). Following the
calibration the model performance was verified by independent data set at 13 other experimental sites
(Fig. 1). Their altitude ranged from 190 to 650 m a.s.l. with mean annual temperatures between 6.2
and 9.3°C. The mean annual precipitation range was from 439 mm at the driest site to 738 mm at the
highland areas.

The spatial assessment of spring barley production under the present conditions was carried out at 1
sq. km resolution and using combination of more than 1500 continuous soil polygons (described by
394 soil profiles) combined with daily data from 125 weather stations (Fig. 2). The interpolation was
from methodological reasons carried at first for the whole territory but then reanalyzed only for the
grids on the arable land. The final results were compared with long-term productivity obtained on the
farm level at individual districts during 1981-2000 period using statistical data. The sowing date was
set automatically by the model, based on the soil moisture and temperature threshold that allow
cultivation of the soil.
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The impacts of climate change (both increased CO2 and changed climate characteristics) were
evaluated using combination of three emission scenarios (i.e SRES-A2, SRES-B1 and SRES-AIT),
seven Global circulation models and three assumptions about the climate system sensitivities to
increased greenhouse gases. Several time periods (2025, 2050 and 2075) were evaluated as well. Most
of the outputs were interpolated using to the 1x1 km matrix. Finally the potential benefits of possible
adaptation measures (esp. new cultivar introduction and earlier sowing dates) were estimated at
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Fig. 2. Location of the 125 weather stations and altitude according Digital Elevation Model used in
the study.

Results and Conclusions

The results of CERES-Barley calibration were better at sites with more pronounced water stress than
in wetter and colder ones. This phenomena results from factors not considered by the model (e.g.
higher pressure of diseases or lower levels of other nutrients than N etc.), which are more pronounced
at the higher altitudes. However the model simulated with reasonable precision both developmental
and production parameters of the crop at all calibration locations (Fig. 3). Verification using the
independent data set of 161 independent experimental years demonstrated that the CERES-Barley is in
general able to represent crop growth variability caused by differences between seasons and sites (Fig.
4). The CERES-Barley estimated well the onset of key stages and grain yield (Fig. 4). The number of
total outliers was rather low considering that model was not adjusted for these sites. The model
performs better in lowland and drier locations compared to highlands and wetter regions, which could
be explained by the characteristics inherent to the model design. However the great majority of crop
yields were simulated with an acceptable bias (i.e. less than 20% of the observed yields). The study
also shows that the crop model can explain much larger degree of yield variability compared to the
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simple regression techniques (even when relatively sophisticated methods are used — see e.g. Hlavinka
et al. (2006) in this issue).
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Fig. 3. Comparison of key crop growth parameters of spring barley observed at 4 experimental sites
and values estimated by CERES-Barley model
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Fig. 4. Estimated vs. observed dates of maturity (left) and grain yield (right) as predicted by CERES-
Barley model. Evaluation is based on 161 experimental years from 13 sites with cultivar ORBIT.

After the site based evaluation the model was run at the spatial mode and we have found that it

reproduces realistically yield levels on the different soils and under varying climatic conditions (Fig
5). When the model runs were extended to the whole territory (Fig. 5) those areas where the present
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land use is known to be either forest or grasslands performed poorly with very low yield levels and
low yield stability. In the same time yields tend to decrease in altitudes over 650 m, which adds to the
model validity and integrity. Also the general spatial distribution of yields (in terms of mean and
variability) is consistent with reality. However the mean production level (compared to the statistical
yields) is about 30% higher as the farm level production is influenced by factors not considered by the
model (e.g. substandard field practices, pests and diseases, local weather events etc.).
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Fig. 5. Mean spring barley yield under the present climate on all soil polygons — average of 30 year
simulation runs based on 1961-2000 climate.
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Fig. 6. An example of the anticipated change in the growing season duration (the shift of the sowing
date toward beginning of the year is already included). The individual bars represent present (gray)
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vs. 2050 according to A2-SRES and HadCM3 (red) conditions. The three types of stations were taken
into account.

The impact of climate change on the spring barley production is multifaceted and only selection of
them is presented here. The mean growth duration (sowing-maturity) will decrease. HOWEVER the
variability will slightly increase especially in wetter regions and on heavier soils (Fig. 6). According to
the model estimates sowing dates will be shifted by 5 to 20 days to the beginning of the year
depending on the type and season. However at some soils achieving early sowing will remain
problematic due to the excessive soil water content (mostly due to higher winter precipitation).

The impact of the changed climate conditions would benefit mainly lowland areas on good soils
where mean yield increase might be expected (Fig. 7A). The change of climate alone would have
almost uniformly adverse effects regardless of soil or location (Fig. 7B). When the change of weather
variability is considered yield variability would increase dramatically (not shown).
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Fig. 7. Relative yield change vs. present mean levels when (A) both CO, fertilization and changed
climates are considered and (B) yields without CO, fertilization included.
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