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Model-Based-Climate Change Impact Assessment for Agriculture  
in North-East German Moraine Landscapes  

– What We Have Learned ? 

Karl-Otto Wenkel1, Wilfried Mirschel1 

Abstract 
In the paper the methodology and the results of a high spatial resolution case study to predict the possible impacts of 
regionalized climate change on agricultural productivity and some important environmental parameters are described 
and discussed. Unlike to other studies not only a single mechanistic crop growth model was used but also a combina-
tion of different model types (semi-empiric statistical and mechanistic models). The simulation results show, that the 
given regionalized climate change scenarios to the North East German lowland will not lead to great problems for agri-
cultural productivity. The ground-water recharge under agricultural land, on the other hand, will decrease dramatically. 
Despite the progress which could be reached in the last years, there are many uncertainties in regional climate impact 
assessment on agriculture and environment. The scientific challenges for the next years are presented. 

1. Introduction 
For the sustainable development of rural areas a high productive and environmentally sound agriculture 
plays an essential role. Climate change is expected to affect agriculture very differently in different parts 
of the world (Parry et al., 1999). The resulting effects depend on current climatic and soil conditions, the 
direction of change and the availability of resources and infrastructure to cope with change. Considerable 
study has gone into questions of just how farming might be affected in different regions, and by how 
much and whether the net result may be harmful or beneficial. There is a further uncertainty regarding the 
physiological response of crops to enriched carbon dioxide in the atmosphere. The problem of predicting 
the future course of agriculture in a changing world is compounded by the fundamental complexity of 
natural agricultural systems, and of the socioeconomic systems governing world food supply and demand 
(Rosenzweig and Hillel, 1998). Many publications and reports deal with problems of agricultural global-
change impact-assessments based on simulation models. For the European agricultural production the 
entire range, from local dramatic losses to relatively positive effects, is assumed (Maracchi et al., 2005, 
Ewert et al., 2005, Audsley et al., 2006). Another common result is that a changed landscape water balan-
ce causes endangering water deficiency for non-production ecosystems (Wessolek and Asseng, 2006). 
Unfortunately the case studies mostly based on roughly discriminated land use types, e.g. cropland / gras-
sland / forest with a low spatial resolution (Rounsevell et al., 2006) or the assessment is confined on only 
a few important crops (wheat, maize, rice, sorghum,…).Thus, Wessolek and Asseng, (2006) used the 
APSIM- crop growth model and regionalized climate scenarios to assess the yield impacts on climate 
change for North East Germany with a high temporal resolution, but they restrict their statement for 2050 
to one crop at two sites with characteristic soil substrates only. Gerstengarbe et al., 2003 used in a climate 
impact study for the federal state of Brandenburg the modified model EPIC to assess the climate change 
yield impacts for winter wheat and maize. In similar way our research group used the own developed me-
chanistic agro-ecosystem model-family AGROSIM to assess the complex impacts of climate change on 
plant development and yield for winter cereals and sugar beets (Mirschel&Wenkel, 1996). 
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Up to today, there is a lack in regional high spatial resolution impact studies for complex agricultural land 
use systems and crop rotations, because a complete set of field-scale inputs are seldom be readily availa-
ble for such studies. Beyond it, as mentioned above, mechanistic crop simulation models are only availa-
ble for few crops and cultivars.  

Against this backdrop, with the aim of a more integrated climate change impact study with high spatial 
resolution for the well documented agrarian area “Märkisch-Oderland” (54.000 ha) we developed a ap-
proach, which is based on a combined use of different model types (spatial oriented mechanistic soil 
models and semi-empiric statistical models), GIS and regionalized climate forecasts to the time period 
2050 (Gerstengarbe et al., 2003). 
Coherently modelled and interpreted for this study area are: 
 

• yields of agricultural crops 
• evapotranspiration and ground water recharge and 
• ecologically relevant nutrient loads and percolation water concentrations (nitrate and sulphate).  

2. Study area  
As part of the “Maerkisch-Oderland” district the study area is located within the morain landscape of 
North-East Germany. The area extends over about 60 x 40 km and is situated approximately 50 km to the 
east of Berlin (Figure 2.1), i.e. between Berlin and the river Odra. The north-west and the south-west of 
the study area are parts of deep groundwater table sandy-loamy moraine plateaus called “Barnimer Platte” 
and “Lebuser Platte”, with about 60 m MSL for both plateaus. The south-eastern part of the study area is 
located in the valley bottom of the “Oderbruch” region at 5-12 m MSL with mostly groundwater influen-
ced clayey alluvial soils. The recent climate of the study area is a drought continental climate with a signi-
ficantly decreased precipitation gradient from west to east. In the study area, the major part of the land is 
used for agriculture (about 54,000 ha). On the arable land there are working 54 farms with 1,085 ha each 
in average (50 … 7,200 ha). On 45 % of the arable land of the study area winter cereals are grown, follo-
wed by silage maize and rape with about 9 % each, alfalfa with 3 % and sugar beet with 2 %. Land in the 
study area that is not used for agriculture but predominantly for forestry has not been taken into conside-
ration. For the whole study area there is available a database with different information about the field 
specific management, the yields up to 2001, the soil quality and the climate. 

3. Methodology 
3.1 Scenario definition 
The central to answered question of the study was: “Which are the spatial different impacts of regionali-
zed climate change on agricultural yields and environment in the study area “Maerkisch Oderland”, pro-
vided that the land use systems and the management strategy are not changed. 
For the study area therefore were realized simulation runs for two scenarios (Scenario2000 (initial situ-
ation) and Scenario2050 (expected climatic situation in the year 2050) without any changes of land use 
systems and management adjustments. Within each scenario, simulation runs over a 9 years time period 
(Scenario2000: 1993-2001; Scenario2050: 2046-2054) are the basis for the scenario comparison concer-
ning climate and land use change impacts on the study area. 
The weather data (temperature, precipitation, sunshine duration/radiation) for the Scenario2000 are taken 
from the meteorological station Muencheberg as real daily weather data. For the Scenario2050 daily 
weather data for Muencheberg were taken from the regionalized climate scenario for the federal state of 
Brandenburg, defined by the Potsdam Institute of Climate Impact Research (Gerstengarbe, 2003) using 
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a special statistical method. This climate scenario based on the ECHAM4-OPYC3 climate model of the 
Max Planck Institute for Meteorology Hamburg assuming the moderate emission scenario A1B-CO2. Ta-
ble 4.1 gives a comparison of the climatic conditions of both scenarios. The crop rotations, and the yields 
for the Scenario2000 were determined by means of yearly field-specific samplings from each farm within 
the study area. In average for the study area the mineral and organic nitrogen fertilizers were 102 kg N ha-

1 y-1 and 38 kg N ha-1 y-1, respectively, and the mineral and organic sulphate fertilizers were 12 kg S ha-1 
y-1 and 5 kg S ha-1 y-1, respectively. The management for the Scenario2050 were taken unchanged from 
the initial situation according to the scenario definition. In both scenarios atmospheric depositions of 8 kg 
N ha-1 y-1 and 6 kg S ha-1 y-1 were assumed. 

Besides the following conditions were maintained constant (as in the Scenario2000): 
• soils with soil characteristics 
• spectrum and percental distribution of agricultural grown crops and 
• level of plant breeding 

 
Figure 2.1: Study area “Maerkisch Oderland” district 

3.2 Model and simulation platforms 
To assess the impacts of regional climate changes in North-East German landscapes a three step procedu-
re was elected: 

• estimation of the expected changing of yields on a field by field basis with the help of a new de-
veloped semi-empiric statistical simulation model SAMT-YIELDSTAT (Mirschel et al., 2006). 

• assessment the environmental impacts (evapotranspiration, percolation water resp. groundwater 
recharge, nitrogen and sulphur leaching) with the help of the modified mechanistic Soil-Plant-
Atmosphere Models HERMES and SULFONIE, both developed by Kersebaum (Kersebaum, 
1989; Kersebaum, 1995; Willms et al., 2006)  

• integrated evaluation and visualization of the results  
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To assess the ecological impacts of climate change, the results of step 1 (spatial yield estimation) were 
used as input to the dynamic soil nitrogen and sulphur models HERMES and SULFONIE. On this way 
we have tried to couple models of different structure and complexity without breach of consistency. 
The used models can be characterized as following: 
 
SAMT-YIELDSTAT  
The spatial yield simulation model SAMT-YIELDSTAT is a semi-empiric statistical model . To assess 
the climate change impacts on crop yields a three-stage statistical estimating algorithm with an additive 
combination is used. It is based on a crop yield matrix for a great number of crops according to Kindler 
(1992), which could be build up on the background of long-term yield data of a great number of farms 
into the formerly GDR (time period 1975-1990). The yield data in this approach are dependent on crop 
type and on site type according to the Medium Scale Site Map (MMK) for arable land (Schmidt and Die-
mann, 1991) but also from climate parameters (temperature, precipitation, radiation, climatic water bal-
ance). The influence of the progress in technology and plant breeding is taken in regard by a time-
dependent yield trend overlay. The basic crop yields from the yield matrix are increased or decreased de-
pending on MMK-site characteristics and growth-dominant climatic parameters like temperature (accord-
ing to Adler (1987)) or the climatic water balance for the cropping period (according to Mirschel, 2003). 
The estimation of the influence of atmospheric CO2-effect on crop yields is based on results of the litera-
ture and the latest experimental data, measured under field conditions (FACE experiment of the FAL 
Brunswick (Weigel et al., 2005) for winter barley, sugar beet, winter wheat and ray grass), which show in 
average a 10.7 % yield increase at 550 ppmv CO2 level. For the 465 ppmv to be expected by 2050, a lin-
ear conversion was carried out. The basic principle is shown in figure 3.2.1. In the next step the sub-
model YIELDSTAT was coupled with the Spatial Analysis and Modelling Tool (SAMT), (Wieland et al., 
2006). By this means a high efficient spatial simulation for a great number of crops could be reached. 
 
HERMES and SULFONIE 
To assess the ecological impacts the well validated dynamic simulation models HERMES for soil water, 
evapotranspiration, water percolation and soil nitrogen leaching and SULFONIE for soil sulphate and 
sulphate leaching, both developed by Kersebaum (Kersebaum, 1989; Kersebaum, 1995; Willms et al., 
2006) were used. The nitrogen and sulphate models take into account mineralization, denitrification and 
transport by soil water, the atmospheric deposition as well as the uptake by plants. The models run in 
a daily mode and with 0.1 m soil depth compartments. The modelling is confined to the rooting zone 
(max. 2 m). Both models contain sub-routines for soil water transport and take into account a capillary 
rise from below 2 m or the groundwater table. The potential evapotranspiration is determined according 
to Haude (1955) using crop-specific monthly factors. 

4. Results 
The comparison of simulation results of both scenarios (Scenario2050 vs. Scenario2000) reveals dramatic 
changes of the water balance (decrease in percolation water by 130 mm y-1 and increase in actual evapo-
transpiration by 20 mm y-1, table 4.1) as well as the concentration of the examined nitrogen and sulphur 
in the percolation water, if the current land use practice is maintained until 2050.  
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Figure 3.2.1: Structure scheme of the model SAMT-YIELDSTAT  

With 313 mm, the average water storage up to a depth of 2 m estimated for autumn is 91 mm lower in the 
Scenario2050 compared with the Scenario2000. The average percolation rate goes down to 12 mm y-1 
(Table 4.1). At the clayey alluvial sites of the “Oderbruch” region, a decrease in percolation water of 100-
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140 mm y-1 predominates, which reveals in the failure of significant percolation rates in 8 of the 9 simula-
ted years. At the sandy sites, there is an even stronger decrease. 

Table 4.1: 
Climate change impact on selected environmental relevant parameter (Scenario2000 vs. Scenario2050) 

 Scenario2000 Scenario2050 

Annual mean temperature (°C) 8.1 9.5 

Mean precipitation (mm y-1) 569 457 

Sunshine duration (h y-1) 1698 1842 

Actual evapotranspiration (mm y-1) 417* 437* 

Percolation water (mm y-1) 143* 12* 

Nitrogen load in percolation water (kg N ha-1 y-1) 60* 40* 

Sulphur load in percolation water (kg S ha-1 y-1) 24* 8* 

Nitrate concentration in percolation water (mg NO3 l-1) 232* 751* 

Sulphate concentration in percolation water (mg SO4 l-1) 49* 132* 

* calculated using HERMES and SULFONIE (Kersebaum 1995; Willms et al., 2006) 

In average the agricultural yields calculated without the CO2 fertilizing effect in the Scenario2050 are 
lower by 7 % compared with the Scenario2000, with 4% for triticale and 14 % for potatoes (Table 4.2). 
In the “Oderbruch” region with clayey alluvial soils and higher soil water storage capacities the lowest 
losses occur (up to 5 % only). Taking into account the fertilizer effects of atmospheric CO2 (from 375 
ppmv in 2000 up to 465 ppmv in 2050) on yield, the yield losses in the study area for spring and winter 
cereals caused by drought and higher temperatures in Scenario2050 can be compensate and light over-
compensate (Table 4.2). For all other agricultural crops grown in the study area in average the losses are 
lower by about 5 %. For the whole study area can be stated, that the yields of agricultural crops decrease 
only slightly, or hardly at all, if the CO2 fertilizing effect is taken into account (Table 4.2).  

The increase of actual evapotranspiration only results from the warmer winter periods, due to insuffi-
cient soil water supply during summer. In the study area a decreased precipitation and an increased eva-
potranspiration lead to a ground-water recharge of 12 mm y-1 on average only under agricultural land, 
thus enabling the regional occurrence of years without any ground-water recharge. 

The nitrate and sulphate loads of the percolation water declines by 20 kg ha-1 y-1 and 16 kg ha-1 y-1, re-
spectively. These lower values, which may be considered landscape-ecologically favourable, result (if 
input remains constant as defined above) in a nitrogen enrichment in the upper 2 m of the soil still pro-
gressing during Scenario2050. Despite the decrease of the loads, the concentration of nitrate in the perco-
lation water more than triples in the study area up to 2050 as a result of even more dramatically decre-
asing percolation rates (table 4.1). If, when, and how strongly these small amounts of highly eutrophic 
percolation water impact the ground water and neighbouring ecosystems, depends particularly on the 
occurrence of high-rainfall weather extremes, a general unpredictability to this study. 

The resilience of scenario results mainly depends on the accuracy of sampling data, on used modelling 
approaches and on made assumptions. The consideration of the hetrotrophic and autotrophic denitrifica-
tion in the unsaturated zone, of a new state of equilibrium embodied into the Scenario2050, of a deve-
lopment-adapted agro-management up to 2050, of a plant breeding progress on drought resistance, of the 
potential respiration decrease of crops in the event of CO2 partial pressure increase, and of change in 
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frequency and amplitude of extreme meteorological conditions would restrict the accuracy of the state-
ment considerably. Statements which hold relevance for the entire landscape can only be deduced if the 
non-agrarian land (about 30% of eastern part of the Federal State of Brandenburg, Germany, is forested) 
is included. 

Table 4.2: 
Predicted impact of climate change (Scenario2050 vs. Scenario2000) on crop yields for the study area 

differentiated by CO2 fertilizing effects 

Mean crop yield change (%) Crop Cropping rate 

(%) at 370 ppmv CO2 at 465 ppmv CO2 

Winter rye 17 - 6 - 0,3 

Winter wheat 16 - 5 0,5 

Silo corn 9 - 8 - 3 

Winter rape 9 - 11 - 6 

Winter barley 6 - 5 0,5 

Triticale 6 - 4 0,1 

Sugar beets 2 - 9 - 4 

Alfalfa 3 - 12 - 7 

Summer barley 2 - 5 0,3 

Summer rape < 1 - 7 - 2 

Summer wheat < 1 - 4 0,9 

Clover gras 1 - 13 - 8 

Oat 1 - 5 0,2 

Potatoes 1 - 14 - 9 

5. Conclusions 
Climate change is expected to affect agriculture very differently in different parts of the world (Parry et 
al., 1999). It is thus not surprising that a large body of work has been devoted to analyze the potential im-
pacts of climate change on agricultural productivity. Tubiello and Ewert (2002) summarize more than 100 
such assessments, made worldwide. In the majority of such studies, mechanistic crop growth models were 
employed to assess the climate change impacts on agricultural productivity. However, such models are 
only available for a few agricultural crops and cultivars. Only a few models already contain relationships 
that accounted for effects of elevated CO2 on individual processes. Frequently the models are used for 
regional case studies without a thorough validation for the regional soil and climate conditions, because 
the needed data for such validation often are not available. 

In our study we used a approach, which combine different model types (spatial oriented mechanistic 
soil models and semi-empiric statistical models), GIS and regionalized climate forecasts to a high resolu-
tion climate impact assessment for the district “Maerkisch-Oderland” As well the semi-empiric statistical 
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model as the mechanistic soil models were validated for the local soil and climate conditions through 
works being undertaken formerly (Mirschel et al., 2006; Kersebaum, 1995; Willms et al., 2006). 

Our predictions show, that, if the climate changes as anticipated by the established scenarios, North 
East Central Europe will nearly maintain its present agricultural productivity, at least in the examined pe-
riod until 2050. In the crop rotations there are winner and looser. This is in good agreement with the re-
sults of a formerly study of the Potsdam-Institute for Climate Impact Research (PIK) for the federal state 
of Brandenburg (Gerstengarbe et al., 2003). The ground-water recharge under agricultural land, on the 
other hand, will decrease dramatically, this causing, among other things, the feeding of neighbouring we-
tland, habitats to decrease considerably or cease. In addition, the low ground-water recharge is connected 
with the problem of critically high nutrient concentrations from agricultural production, which are dif-
ficult to avoid and also have negative effects on anthropogenic water supply and neighbouring ecosys-
tems.  

Despite the progress which could be reached in the last years, there are many uncertainties in regional 
climate impact assessment on agriculture and environment: 

 
- uncertainties in the regional climate forecast 
- uncertainties in the knowledge about the complex impacts of climate changes on plant functional 

and biogeochemical processes and 
- uncertainties in model structures and parameters. 
 
It is still not quite clear, that will be the best approach for climate change impact studies on different 

spatial scales. The existence of many different modelling approaches, including differences in model 
structure and modelling detail make any such comparison difficult. 
The results of our regional case study underline anew the scientific challenges summarized in the review 
of Tubiello and Ewert (2002): 
 

- increase model testing under field conditions and elevated CO2, 
- increase model inter-comparison, including sensitivity studies employing ranges of CO2 con-

centration and climate change scenarios, 
- focus on issues of temporal and spatial scale and 
- clearly indicate limits of crop models used in climate change assessments. 
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