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Impacts of climate change on grapevines – possibilities of modelling the water balance  
of steep slope vineyard sites 
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Project description 
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 
2007) estimates that an increase in frequency and in intensity of heat waves will be a likely 
scenario in a future warmer climate. Coupled to these extended heat waves is an increasing 
likelihood of strong precipitation events despite a projected decrease in summer precipitation 
in many regions of the world. Regional climate models like the WETTREG model (based on 
ECHAM5, scenario A1B) predict a decrease in summer precipitation for the state of Hesse 
(Germany) from 10 % to 20 % and an increase in winter precipitation up to 30 % (data refer 
to the period 2031 – 2060 compared to 1971 – 2000). This shift in precipitation pattern will be 
especially threatening to steep slope vineyard areas with shallow soils and high energy input. 
These areas consist of impressive landscapes and form a cultural heritage which attracts 
tourism, a component vital to their economic survival. A shift in plant water balance may 
have negative consequences on yield and quality, especially for white varieties, such as 
Riesling, sensitive to water deficit and off-flavour formation.  

The effects of climate change on the water budget of grapevines were therefore investigated 
with a vineyard water balance model adapted to steep slopes. The model calculates the daily 
in- and outflows of water and keeps an update on the amount of transpirable soil water (TSW) 
and its fraction (FTSW). A recently found relationship between the FTSW (a parameter for 
soil water status) and predawn leaf water potential of the vines (a parameter for plant water 
status) allows a quantification of plant stress.  

Model runs were conducted for two different vineyard sites, differing largely in soil water 
holding capacity. Different climate data time series (wet and dry realisations of the 
WETTREG model data set for the IPCC SRES emission scenarios B1 and A2) were used for 
the period from 1961 to 2100 for Geisenheim, Germany. Drought stress risk was assessed by 
the number of days per year, where the vines are in a wet-adequate, a moderate or severe 
stress range. These ranges were defined by water potential thresholds. 

 

Results 

The results for the optimistic (B1-wet, less change) and pessimistic (A2-dry, more change) 
realisations showed that both future scenarios predict a trend to more drought stress but with 
different intensity. For the dry site, there was a linear trend towards a decrease in the number 
of wet-adequate days per year and an equally linear increase of dry days. For the B1-wet 
scenario the trend line showed an increase from 35 up to 50 days yearly with severe stress and 
for the A2-dry scenario an increase from 39 up to 63 days yearly for the period 2000 to 2100.  

The model results also showed that the site with high water holding capacity has currently no 
problems with water deficit, which is in accordance with present observations. However, the 
number of days in a wet-adequate range will decrease and those with moderate stress will 
increase. For the B1-wet scenario, nearly no change in the number of severe stress days was 
predicted, yet the A2-dry scenario showed an increase up to 13 days yearly until 2100. The 
latter scenario will also increase the risk of severe drought stress of more than 11 days up to 
every third year after about 2050. An investigation of the variability of dry or wet summer 
periods showed no distinct tendency.  
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Impacts of climate change 
The results for these two vineyards showed that the frequency of situations with water stress 
will increase in the future. Hence, the need for irrigation will grow in sites with low water 
holding capacities. Soils with high water holding capacity will face a much lesser risk of 
drought stress.  

A general assessment of drought stress risk using simple threshold values for water 
availability is nevertheless difficult, because of the heterogeneous character of climate 
patterns and soil conditions.  

 

Possible adaptation strategies 
1) Implementation of irrigation with drip lines on risk sites 

2) Use of water-saving strategies such as soil coverage with organic material 

3) Sufficient soil material and soil depth in newly planted vineyards 

4) Use of drought tolerant rootstocks and modifications in the nitrogen management 

5) Combination of cover crops for erosion protection and irrigation 

 


