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An economic assessment of drought effects on three grassland systems in Switzerland 
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Abstract 

This paper analyzes the economic impacts of summer drought on Swiss grassland production. We 

combine field trial data from drought experiments in three different grasslands in Switzerland with 

site-specific information on economic costs and benefits. The analysis focuses on the economic 

implications of drought effects on grassland yields as well as grassland composition. In agreement 

with earlier studies, we found rather heterogeneous yield effects of drought on Swiss grassland 

systems, with significantly reduced yields as a response to drought at the lowland and sub-alpine 

sites, but increased yields at the wetter pre-alpine site. Relative yield losses were highest at the 

sub-alpine site (with annual yield losses of up to 37%). However, because income from grassland 

production at extensive sites relies to a large extent on ecological direct payments, even large yield 

losses had only limited implications in terms of relative profit reductions. In contrast, negative 

drought impacts at the most productive, intensively managed lowland site were dominant, with 

average annual drought-induced profit margin reductions of about 28%. This is furthermore 

emphasized if analyzing the farm-level perspective of drought impacts. Combining site-specific 

effects at the farm-level, we found that in particular farms with high shares of lowland grassland 

sites suffer from summer droughts in terms of farm-level fodder production and profit margins. 

Moreover, our results showed that the higher competitiveness of weeds (broad-leaved dock) under 

drought conditions will require increasing attention on weed control measures in future grassland 
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production systems. Taking into account that the risk of drought occurrence is expected to increase 

in the coming years, additional instruments to cope with drought risks in fodder production and 

finally farmers’ income have to be developed.  

 

1 Introduction 

Changes in climatic conditions in Europe are projected to include increasing temperatures and 

decreasing amounts of summer precipitation (Christensen et al. 2007; Frei et al. 2006). In line with 

these effects, the probability of summer drought occurrence is expected to increase in the next 

decades (e.g. Calanca, 2007; Sheffield and Wood, 2008). However, summer droughts are not only 

an expected phenomenon under future climate, but are already a problem under current climatic 

conditions. In 2003, a summer drought and heat wave hit large parts of Europe (Schär et al. 2004), 

which is expected to be ‘a shape of things to come’ in the future (Beniston 2004). The 2003 drought 

led to remarkably large losses in plant productivity across Europe (Ciais et al. 2005; EEA 2005; 

Smit et al. 2008). Consequently, such drought events are increasingly expected to affect 

agricultural production (Fuhrer et al. 2006; Hopkins and Del Prado 2007, Brown et al. 2011).  

The drought sensitivity of grasslands is of outmost importance because, in Europe at large, 

grasslands cover one third of the total agricultural area and are the backbone for dairy farming and 

animal husbandry. Furthermore, grasslands provide additional ecosystem services ranging from 

erosion control to landscape esthetics for tourism (Smit et al. 2008; Millennium Ecosystem 

Assessment 2005; Quétier et al. 2010; Lamarque et al. 2011). In Switzerland, meadows and 

pastures cover 744000 ha which represent about 71% of the total agricultural acreage (SBV 2011). 

http://www.springerlink.com/content/?Author=P%c3%a9n%c3%a9lope+Lamarque
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To analyze the effects of drought occurrence on grassland productivity and composition, 

experimental research has been conducted (see Bloor et al. 2010; Gilgen and Buchmann 2009 for 

overviews of current literature). These studies, relying on drought simulations, mainly focused on 

an assessment of drought impacts on plant physiology, vegetation performance and grassland 

composition. However, to transform this knowledge into expected implications of summer drought 

conditions for farmers’ income, an economic assessment that takes cost and benefit information 

into account is required, supplementing the existing ecological assessments. Against this 

background, our paper investigates the economic effects of summer droughts on grassland 

production under heterogeneous production conditions. More specifically, we assess the impact of 

summer droughts on farmers’ income for three different grassland sites, representing a typical 

three-stage grassland farming system in Switzerland. We use long-term field trial data to address 

three aspects of drought impacts important from the farmer’s perspective: First, the farmers’ 

income losses; second, changes in grassland composition (i.e. species) relevant for its fodder value; 

and third, increased weed occurrence as a consequence of drought, crucial for management costs 

and the monetary value of grassland production.    

 

2 Study Sites and Experimental Setup 

The field trials took place between 2005 and 2010 at three agricultural research stations of ETH 

Zurich (Switzerland): Chamau (8°24′38″E, 47°12′37″N) representing the lowland region, Früebüel 

(8°32′16″E, 47°6′57″N) located on a pre-alpine mountain, and Alp Weissenstein (9°47′25″E, 

46°34′59″N) representing grassland production at the sub-alpine level (Table 1).  

< Table 1. Characteristics of the three study sites. > 
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The three study sites represent contrasting climatic conditions and production systems: artificial 

vs. permanent grasslands, intensive vs. extensive management, wet pre-alpine (Früebüel) vs. dry 

sub-alpine (Alp Weissenstein) climate, lowland- vs. mountain-agriculture (Table 1). The 

differences across these three study sites reflect the actual heterogeneity of Swiss agricultural 

production.  

Starting field trials with regard to annual biomass production in 2006, seven rain shelters were 

installed at Chamau, six at Früebüel and five shelters at Alp Weissenstein. In 2010, the number of 

shelters was reduced to six at the Chamau site. The shelters (3 x 3.5 m area and >2 m at the highest 

point) were covered with transparent plastic foils in spring and summer for a period of 50-88 days 

(depending on site and year), starting between May and July (site dependent). The rainfall 

exclusion aimed to simulate a rather extreme drought, reducing annual rainfall by about 30% (see 

Gilgen and Buchmann 2009 for detailed descriptions and set-up dates). The simulated drought 

conditions, based on current climate projections for Switzerland, mimic extreme climatic 

conditions under current climate regimes (e.g. as observed in the year 2003), but are in particular 

expected to occur more frequently within the next decades (cp. e.g. Beniston 2004, Frei et al. 2006; 

Calanca 2007). All measurements were taken on a core area of 2 m2 in the middle of the shelters 

to minimize border effects such as possible soil moisture gradients. The same number of untreated 

control plots was established next to the shelters, receiving ambient rainfall.  

Annual above-ground biomass production (hereafter referred to as yield) was measured in the 

years 2006 and 2007 as well as in 2009 and 2010. The year 2005 was used to validate the 

methodology, but was not considered in our analysis because data was not available for the full 
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growing season. In the year 2008, plots and basic measurements were maintained at Chamau and 

Früebüel. The original plots at Alp Weissenstein and Chamau had to be abandoned after some 

years due to heavy damage due to mice infestation, thus new plots were established in 2009 and 

2010, respectively. 

Dates of biomass harvests mimicked the local management. Samples were taken by using two 

fixed harvest frames within the plots (two subsamples of 0.1 m2 each), using a sward height of 

approximately 7 cm (according to local practice). The harvested biomass was separated into plant 

species or plant functional types (i.e., N2 fixing legumes, forbs and grasses), before it was oven-

dried at 60°C for about one week and its dry weight quantified. 

Weeds were originally not a major problem at any of the sites. However, after a serious infestation 

of broad-leaved dock (Rumex obtusifolius L.) at Chamau in 2006, this species was eradicated in 

2007. During the field trial, no fertilizer was applied nor grazing allowed. Nevertheless, plant 

nutrient contents remained at almost constant levels over time, supported by constant yield levels 

at the sites. Thus, the management intensities at the three sites were retained during the course of 

this study. Most importantly, all treatments (e.g. harvesting, weed control) were uniform among 

control and treatment plots, enabling the direct comparison between both groups. Note that the 

analysis presented here extends earlier agroecological papers about these experiments (Gilgen and 

Buchmann 2009; Gilgen et al. 2010) by taking a longer time horizon into account and, most 

importantly, by focusing on the economic interpretation of field trial results.  

 

 

     



7 
 

3 Methodology and Economic Analysis 

The analysis is based on biomass measurements from four years: 2006, 2007, 2009 and 2010. The 

year 2009 for Alp Weissenstein was not used because the re-establishment of plots (cp. section 2) 

led to incomparable yield levels. As individual plots (i.e. the locations at the site) have been 

changed between some experimental years, no plot-specific but site-specific (consisting of several 

plots) analysis is presented.  

In a first step, annual yields were calculated for each plot. For each study site and year, median 

grassland yields with and without treatment were compared with each other, using bootstrapped 

confidence intervals based on the Yuen-Welch test (Yuen 1974), i.e. by testing for equality of 

trimmed means. Bootstrap inference was based on 1999 bootstrap samples where both treatment 

and control samples are generated by sampling with replacement. In order to assess the general 

effect of the drought treatment, i.e., over all four years, a Kruskal-Wallis test (a non-parametric 

analysis of variance) was used. These testing strategies have been selected in favor of other 

alternatives (e.g. Analysis of (Co)Variance, Regression Analysis) because they do not rely on 

distributional assumptions and are robust against outliers within the samples (see Finger 2012 for 

details).  

In a second step, yield observations were combined with information on economic costs and 

benefits. To ensure general inference from our analysis, we assumed average values for costs and 

benefits from plots with similar production conditions in Switzerland, taken from profit margin 

calculations for Swiss agriculture (AGRIDEA and FiBL 2010). Thus, the assumed costs are 

representative for the investigated grassland production systems. Financial benefits from grassland 

production in Switzerland consist of (governmental) direct payments and the price received for the 

yield produced. Since forage yields are usually used differently at the three sites (e.g., as silage, 
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hay or for grazing), we had to choose a single unit to compare the different systems. Thus, all 

grassland yield is assumed to be sold as hay for a price of 300 CHF t-1 (AGRIDEA and FiBL 

2010). This single price can also be interpreted as the price farmers have to pay to buy additional 

fodder if the own production does not meet on-farm demand. Direct payments consist of general 

direct payments as well as ecological direct payments. All farms in Switzerland have to fulfill 

cross-compliance obligations to receive general direct payments (e.g., area-based payments, see 

El Benni and Lehmann 2010 for details). These cross-compliance obligations, which apply for 

both extensive and intensive producers, comprise ecological compensation areas, balanced nutrient 

budgets, targeted applications of agro-chemicals, soil protection and regulated crop rotations. In 

addition, low-intensive and extensive production systems such as at Früebüel and Alp 

Weissenstein are subject to specific ecological programs, which qualify for additional ecological 

direct payments (BLW, 2009). In particular, extensive production means that no fertilizer is used, 

herbicides can only be applied on specific parts of the field with weed pressure, and cuts have to 

be made in specific time windows. Low-intensive production has similar criteria as extensive 

production but allows the use of organic fertilizer with a total annual nitrogen application below 

30 kg N ha-1 (see BLW 2009 for details).  

 

< Table 2. Assumptions on costs and benefits in the three grassland production systems. > 

 

Costs in grassland production comprise costs for fertilizer and herbicides, insurance and machinery 

use. Obviously, costs increase with level of intensity and thus annual total costs differ considerably 

among the three sites, ranging from about 300 CHF ha-1 in the extensive to 1200 CHF ha-1 in the 
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intensive production system (Table 2). Costs and benefits were calculated for each plot and year, 

leading to so-called profit margins that consider all directly attributable costs. We do not account 

for non-attributable costs (e.g. overhead costs that are necessary to run the farm enterprise) in our 

analysis. Median profit margins and the dispersion measure MAD (median of absolute deviations 

from the sample median), which is corrected with a constant (1.4826) to ensure consistency with 

estimates for the standard deviation, are presented for each study site and treatment group. 

Statistical inference is based on bootstrapped Yuen-Welch as well as Kruskal-Wallis tests. 

Subsequently, we aim to address drought impacts at the farm- instead of the field-level. This is 

motivated by the fact that several farms in Switzerland have grassland production taking place in 

different production zones. Thus, the three production sites are considered to belong to a single 

farm enterprise. The pre-alpine and sub-alpine sites are typically used for summer grazing in 

summer and mid-summer, respectively, while the lowland site is the backbone of fodder 

production. We use Swiss census data of 2009 (BLW 2012) consisting of data for 52389 farms to 

identify farms with grassland production in all production zones (i.e. valley, hill and mountain 

zones). This selection criterion led to a sample of 11091 farms (i.e. 21% of all farms), with an 

average (total) grassland acreage of 18.91 ha. Based on these selected farms, we derived three 

typical distributions of grassland acreage across production zones assuming identical total 

grassland acreage of 18.91 ha. The first exemplary farm type represents the average distribution 

of grassland acreage across production zones: 5.54 ha at the lowland site, 5.95 ha at the pre-alpine 

site and 7.42 ha at the sub-alpine site. The second exemplary farm type is rather focused on lowland 

production with a distribution of 12.22 ha at the lowland site, 2.98 ha at the pre-alpine site and 

3.71 ha at the sub-alpine site. Finally, we consider a farm with a higher share of grassland acreage 

in the mountain zone, comprising grassland acreages at the lowland site of 2.77 ha, 2.98 ha at the 
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pre-alpine site and 13.61 ha at the sub-alpine site. Subsequently, site-specific drought impacts on 

yields and profit margins are combined at the farm-level for these three typical farm types. More 

specifically, grassland acreages in the lowland, hill and mountain zone are associated with results 

for Chamau, Früebüel and Alp Weissenstein, respectively. To derive total production and gross 

margins at the farm level, median values (over all years) from the three sites are considered and 

aggregated using the different area distributions described above.         

Impacts of climatic extreme events on fodder values are a further point of economic importance. 

In highly-intensive grass-clover grassland systems, the species composition (i.e. the fraction of 

grass and clover) is important because it determines the nutritive value of the grassland yield. In 

particular, clover increases the palatability (and thus total forage intake), but high clover fractions 

might also lead to excess nitrogen and can negatively affect animal health (Schubiger and Lehmann 

1994). More specifically, Lehmann et al. (1981) and Schubiger and Lehmann (1994) 

recommended that clover fractions for optimal animal feeding should be in the range of 30–50% 

for productive grasslands in Switzerland (see e.g. van Dorland et al. 2007, for further discussions 

on optimal grass/clover mixtures). Because clover is only present to a significant extent at the site 

Chamau (i.e., the artificial grass-legume mixture), the clover-related analysis focused on this single 

site. Two aspects were considered: First, we investigated if drought decreases/increases the clover 

content. Differences between the two treatment groups in these probabilities and in the clover 

contents were assessed using the bootstrapped Yuen Welch and Kruskal-Wallis tests described 

above. Second, we estimated drought-induced changes in the probabilities that the clover content 

would fall within the ‘optimal’ window of 30-50%. The effect of the drought treatment on this 

binary variable (in- or outside this range) was tested using a logistic regression with a dummy 

variable for the treatment as explanatory variable. If the latter variable had a significant effect, a 
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treatment effect on clover content was concluded. To test for an overall drought treatment effect, 

all observations (i.e. over all years) were used and dummy variables for the four years were 

included, in addition to the drought treatment dummy in the logistic regression. 

Finally, as a proof-of-concept, we assessed and quantified the impact of the drought treatment on 

weed occurrence. In particular, broad-leaved dock, one of the most troublesome weeds in 

temperate grassland and crop systems in Central Europe, became important at the site Chamau in 

2006 (Gilgen et al. 2010). The weed reduces quality and quantity of yields and is thus removed 

either manually or chemically (see Gilgen et al. 2010; Stilmant et al. 2007, for further references). 

However, once broad-leaved dock is present in a field, it is very difficult to control (Poetsch 2001; 

Cavers and Harper 1964; Zaller 2004). Thus, first, the occurrence probability was estimated and 

compared among treatments, indicating the probability that (costly) measures become necessary 

to prohibit the weed broad-leaved dock spreading even further under conditions favorable for this 

species. The effect of the drought treatment on this binary variable (weed present or not) was tested 

using logistic regressions for single years and the entire period (as described above for the clover 

content). Second, also the broad-leaved dock biomass, i.e. the strength of infestation, was 

analyzed. To quantify the damage from broad-leaved dock, the forgone revenue was calculated 

using the hay price equivalent used above because this fraction of biomass produced is not usable 

for animal feeding. This represents a rather simplified assessment of damages because in practice 

the loss due to non-usable biomass may be not linearly increasing with the biomass of broad-leaved 

dock, for instance, due to the fact that it may be eaten to some extend (and can have some 

nutritional value) if occurring in low concentrations but will be troublesome for animal nutrition 

and processing of grassland yields if occurring in larger concentrations (see e.g. Hejduk and 

Doležal 2004; Harrington et al. 2006, for further discussions). Furthermore, the financial loss 
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would be very likely larger due to the labor intensive plant protection and the cost for machines 

and/or pesticides. Again, the bootstrapped Yuen Welch and Kruskal-Wallis tests were used to test 

for significant differences between the two treatment groups. 

 

4 Results 

For Chamau and Alp Weissenstein, the drought treatment reduced yields and profit margins in all 

years. Highest absolute yield losses were in the range of 3.53 t ha-1 (Chamau in 2007; -27%, Table 

3), while the highest relative yield losses were observed at the Alp Weissenstein site in 2007 with 

-37% (1.85 t ha-1). Though significant differences in yields and profit margins were not found for 

all individual years, the overall (i.e. over all years) negative drought effect for the sites Chamau 

and Alp Weissenstein was significant at the 5% level. Thus, these two sites did clearly suffer from 

drought events causing reduced grassland productivity. In contrast, for Früebüel, the drought 

effects were not significant; yields and profit margins actually tended to be higher under drought 

conditions compared to the control in all years. This clearly indicated that the reduction of summer 

rainfall can also have positive effects on grassland yields if the production site usually faces high 

soil moisture, e.g., due to about 1600 mm precipitation as measured at Früebüel. Thus, drought 

impacts are expected to be spatially very heterogeneous across Swiss grassland production sites, 

depending on site-specific weather and soil conditions.      

 

< Table 3. Yield and profit margin effects of drought treatment at three sites. > 
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The calculated drought effects on profit margins (Table 3) showed that farmers can lose up to 1000 

CHF ha-1 due to drought events (Chamau in 2007). In relative terms, the highest reductions of 

profit margins due to such a drought were about 31% (Chamau in 2009 and 2010). On average, 

the drought treatment induced profit margin losses of 28% at the Chamau site and 12% at the Alp 

Weissenstein site. An average profit margin increase of 8% was observed for Früebüel. Thus, even 

though the highest relative yield reductions were observed at the Alp Weissenstein site, relative 

reductions of profit margins were highest at the site Chamau. In contrast, reductions in profit 

margins were absent or less pronounced at Früebüel and Alp Weissenstein, respectively. At the 

intensively managed site Chamau, direct payments did not compensate all costs arising from 

decreased grassland production under drought conditions (cp. Table 2). In contrast, for the more 

extensively managed grassland systems, such as Früebüel and Alp Weissenstein, farmers receive 

additional ecological direct payments while having lower input and machinery costs. In total, the 

direct payments received are higher than the production costs at these two sites because direct 

payments compensate for reduced production potentials under ecological production techniques. 

Thus, the actual reduced grassland production (yield) has lower impacts in economic terms (i.e., 

to cover costs and generate income) at the more extensive sites, while intensive grassland 

production requires production to cover its costs and generate income even under drought 

conditions.  

The site-specific drought impacts presented in Table 3 were assessed at the farm-level using three 

different exemplary farm types with respect to the distribution of grassland acreage across lowland, 

pre-alpine and sub-alpine production (Table 4). For the average farm (farm type 1), drought 

treatment causes a reduction of total production of about 9%, while the reduction of profit margins 

is about 6%. Similar results (reductions of total yield and profit margins of about 8 and 5%, 
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respectively) have been found for the farm type 3 with particular large amount of grassland acreage 

at the sub-alpine location. In contrast, the exemplary farm with a high share of grassland acreage 

in lowlands (farm type 2), faces much higher reductions of total grassland production (18%) and 

profit margins (17%).  

Comparing the three exemplary farm types under normal climatic conditions (i.e. in the control 

group), we find that even though total grassland production differs largely and total grassland 

acreages are identical across the here considered exemplary farm types, virtually no differences in 

total gross margins occur. This is due to the fact that smaller productivity in higher altitudes is 

compensated by higher direct payments. Under drought conditions, however, in particular farms 

with especially high reliance on lowland production sites suffer from losses in production and 

gross margins. Even though yield losses in lowland production may – in relative terms – be smaller 

than in sub-alpine regions, these losses contribute significantly to sharp decreases of grassland 

production at the farm level, because lowland sites are the backbone of the farm operation in terms 

of fodder production. As direct payments may not buffer drought induced income reductions to 

the same extent as in higher altitude production, drought related yield reductions also lead to sharp 

decreases in total gross margins for farms relying particularly on lowland production. Thus, the 

farm-level results underline the conclusion that in particular grassland production focused on 

lowland sites is more vulnerable to summer droughts from a financial point of view.  

  

< Table 4. Drought impacts on total farm-level grassland production and profit margins for 

three exemplary farm types. > 
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The clover content (at the Chamau site) was, on average, slightly higher for the drought treatment 

plots (12%) than for the control plots (5%; Table 5). However, it did not reach the ‘optimal’ 

window of 30-50% clover fraction in any plot of the control group, whereas on average 18% of 

the drought treatment plots reached this value. However, no significant differences were found. 

Although the frequencies of broad-leaved dock occurrence as well as the observed broad-leaved 

dock biomass did not differ between treatment groups at Chamau (Table 5), in the year 2006, 

broad-leaved dock dry-matter biomass tended to be higher for the treatment than for the control 

group, most likely due to a competitive advantage of this weed under drought conditions (Gilgen 

et al. 2010). The heterogeneity of weed occurrence (and biomass) observed over the years 

considered is on the one hand caused by differences in weed management (which was the same 

for control and treatment groups in each year) and on the other hand by overall environmental 

conditions. On average, an economic burden of about 90 CHF ha-1 and year (0.3 t ha-1 additional 

unusable grassland yield times 300 CHF t-1) arose from higher broad-leaved dock competitiveness 

under drought conditions over all years. However, the economic burden can be as high as 339 CHF 

ha-1 when weed infestation is at its peak, due to less yield being usable for animal feeding. In 

addition, we expect higher costs for weed control under drought conditions.  

 

< Table 5. Clover and broad-leaved dock contents at the site Chamau. > 
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5 Discussion  

We analyzed the economic impacts of drought on grassland production at three different sites in 

Switzerland. Drought impact assessment is of particular importance because the frequency of 

summer drought occurrence is expected to increase in the next decades.  

The highest relative yield reductions due to drought conditions were observed at the Alp 

Weissenstein site. However, relative reductions in the profit margins were highest at the site 

Chamau, while only small or no reductions in profit margins were observed at Früebüel and Alp 

Weissenstein. This result is based on the fact that the more extensively managed grassland systems, 

such as Früebüel and Alp Weissenstein, receive additional ecological direct payments 

(compensating, for instance, for lower productivity) while having lower input and machinery costs. 

Thus, the share of the income that is vulnerable to drought conditions, i.e. the actual grassland 

yield, is small. In contrast, intensive grassland production requires production to cover its costs 

and generate income - also under drought conditions. For some farmers, direct payments may thus 

serve as a risk management instrument, i.e. they can prevent profits falling below certain 

thresholds. This is in line with the findings of Finger and Lehmann (2012) that the increasing level 

of direct payments has induced decreasing hail insurance adoption rates in Swiss agriculture (see 

also Finger and Calanca, 2011, for discussions). Thus, increasing drought risks may induce risk 

averse farmers’ to switch to ecological programs to increase the non-risky share of their income.    

Considering the effects on species composition, we found clover content to be higher under 

drought conditions. This is in contrast to model-based results for Swiss grass-clover mixtures 

which assumed that clover is less tolerant to water stress than grasses (see Lazzarotto et al. 2010 

for examples and a literature overview). Frame and Newbold (1986) summarized empirical 
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literature on this issue, and showed that the relationship between rainfall (and drought) and clover 

competiveness is not straight forward but affected by complex interactions. Also the clover 

varieties used affect the competitiveness of clover under stress (e.g. Annicchiarico and Proiett 

2010). For instance, if some clover varieties have deeper roots and improve soil structure, this 

could confer an advantage in drought conditions. This also suggests that the use of specific 

varieties could be an adaptation option for farmers to ensure desired grassland composition even 

under drought conditions. The use of field trial data is from our point of view a necessary expansion 

of model-based economic assessments of climate (change) sensitivity of Swiss grassland 

production (Calanca and Fuhrer 2005; Finger et al. 2010; Lazzarotto et al. 2009; 2010). Though 

field trial-based analysis has some limitations (see Finger et al. 2010, for a discussion), it has - in 

contrast to model-based analysis - the key advantage of being based on realistic production and 

environmental conditions.  

Nevertheless, we are aware that the experimental setup presented here focused on drought effects 

and cannot be the only basis for a general climate change impact assessment of Swiss grasslands. 

Three points are expected to be of particular additional importance:  

First, temperature effects and CO2 fertilization are not considered in our analysis. CO2 fertilization 

is often considered an important determinant of grassland productivity and composition under 

future climate conditions (Finger et al. 2010; Hebeisen et al. 1997). High atmospheric CO2 

concentrations increased short-term grassland yields on average by about 15 to 20% (Soussana 

and Lüscher 2007), although long-term yield increases were lower. In addition, rising CO2 

concentrations may also increase water use efficiency and thus might reduce drought sensitivity 

of grassland systems (see Soussana and Lüscher 2007 for a literature overview). Increasing 

temperatures may have ambiguous effects on grassland production. While temperature levels 
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exceeding certain thresholds may harm productivity levels, longer growing seasons may be 

beneficial for the farmer (Olesen and Bindi 2002).    

Second, drought effects may depend critically on the actual type of use of grasslands. In our 

experimental setup, all considered grasslands were mown to enable biomass measurements. In 

reality, however, in particular alpine and pre-alpine grasslands are mainly used for grazing. 

Because drought impacts on biomass but also indirect effects such as weed infestation may differ 

across management practices and intensities (e.g. comparing the different pressure on specific 

species arising from mowing and grazing, see e.g. Bütof et al. 2012, for discussions), next steps of 

this research should comprise experimental setups allowing mimicking site-specific management 

practices.   

Third, no changes in grassland management were considered. Thus, potential adaptation responses 

of farmers to increased drought occurrence are not explicitly assessed. We are aware that economic 

burdens of droughts could be different if such adjustments were considered. For instance, 

machinery costs would be smaller if fewer cuts would be necessary under drought conditions. We 

assumed for this study that machinery costs remain constant for small yield reductions, which was 

motivated by the fact that the number of machinery operations remains constant, no new equipment 

is purchased, and transport costs (that could be indeed yield dependent) are not considered in our 

analysis. Furthermore, farmers may use irrigation to deal with the risk of potential drought (or 

more general: climate) related damage in grassland production (Calanca and Fuhrer 2005), as it is 

particularly common in dry inner-alpine valleys of Switzerland (Weber and Schild 2007). 

Alternatively, insurance solutions can assist farmers to cope with risks of yield losses and should 

thus be considered in a climate change adaptation framework (Finger and Calanca 2011). The 

financial burden from droughts would be smaller if farmers would adopt such adaptation measures 
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to cope with drought risks. Moreover, our approach to specify costs of droughts using an approach 

consisting of (constant) opportunity costs for buying fodder has not considered the systemic nature 

of drought risks. Droughts may affect all farms over a widespread area, reducing the local supply 

of fodder and could thus cause higher prices of fodder (see e.g. Briner and Finger 2012, for 

discussions). Taking this potential effect into account, the financial burden from droughts may be 

higher than indicated by our results.  

Thus, in further research, comprehensive experimental evidence should also address such 

management adaptations and effects on market to allow more realistic modeling of drought and 

climate change impacts. More general, our economic analysis was focused on drought impact on 

mean profits. However, we are aware that also its impacts on production risks expressed as 

standard deviation or skewness should be addressed in future research (e.g. Finger and Calanca 

2011). Furthermore, the role of drought risk in whole farm assessments should be further 

investigated (e.g. Briner and Finger 2012). 

 

6 Conclusion 

Linking yield observations with information on economic costs and benefits shows that even 

though relative yield losses for extensively managed sites in higher altitudes may be large, the 

economic impact of drought may be smaller at these sites compared to more intensively managed 

sites. This is due to the fact that farmers using extensive production systems have an additional 

(financial) buffer from direct payments to cope with extreme climate events. In contrast, small 

yield losses due to a drought can induce large economic damages for an intensive producer. Along 
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these lines, we found that in particular farms with high shares of lowland production would suffer 

from droughts due to sharp reductions in farm-level fodder production and profit margins.  

Even though the highest yield losses were observed at the extensive sub-alpine site, drought 

impacts are particularly important at intensive lowland production sites. Thus, adaptation measures 

aiming to reduce vulnerability of grassland based farms should particularly address lowland 

production. Furthermore, because droughts might increase the competitiveness of broad-leaved 

dock, (costs for) weed control could potentially be considerably more important if droughts occur 

more frequently in the future. 
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Table 1. Characteristics of the three study sites. 

 Chamau1 Früebüel Alp Weissenstein 

Elevation in m a.s.l. 393 982 1978 

Annual Precipitation 

Sum in mm  

1151 1682 877 

Mean Annual 

Temperature in °C  

9.1 6.1 -1.4 

Growing Season 

Length 

Mid-April to October May to mid-October Mid-June to September 

Management Intensity Intensive (4-6 cuts) Low-intensive (1-2 cuts) Extensive (grazing) 

Vegetation Type and 

Dominant Species 

Artificial grass-legume 

mixture: Italian ryegrass 

(Lolium multiflorum), 

smooth meadow-grass 

(Poa pratensis), white 

clover (Trifolium repens)  

Permanent managed 

pasture: meadow foxtail 

(Alopecurus pratensis), 

red fescue (Festuca 

rubra), timothy-grass 

(Phleum pratense), sorrel 

(Rumex acetosa) 

Permanent alpine 

pasture: golden oat grass 

(Trisetum flavescens), 

Alpine cat's tail (Phleum 

rhaeticum), sorrel 

(Rumex acetosa), red 

clover (Trifolium 

pratense)  

Temperature (1961-1990) and precipitation (1971-1990) long-term averages were interpolated from “Atlas der 

Schweiz 3” Sieber et al. 2011. 1Further details, historical facts and literature related to these study sites are available 

at www.chamau.ethz.ch. 

  

http://www.chamau.ethz.ch/


27 
 

Table 2. Assumptions on costs and benefits in the three grassland production systems. 

 Chamau Früebüel Alp Weissenstein 

Revenue    

Yield Field Trial Data 

Price for Yield (Hay) 300 CHF t-1 

Direct Payments in CHF ha-1 

General Direct 

Payments  

1040 1040 1040 

Ecological Direct 

Payments 

0 300* 450** 

Costs in CHF ha-1    

Fertilizer Costs 175 98 0 

Plant Protection Costs 53 32 0 

Insurance1 72 72 72 

Machinery Costs2  867 600 210 

Source: AGRIDEA and FiBL (2010). *Low-intensive production. ** Extensive production in mountain area.1 This 

insurance comprises damages from hail and other elementary risks such as flooding or storm. A flat rate per hectare 

insurance premium is paid for grassland, see www.hagel.ch for details. 2 including interest claim. 

  

http://www.hagel.ch/
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Table 3. Yield and profit margin effects of drought treatment at three sites.  

 Median Values (MADs in parentheses) across Plots 
 

2006 2007 2009 2010 Median 

 Chamau 

Yield in dry matter t ha-1      

Control Group 8.35 (3.76) 12.96 (3.11) 8.98 (0.71) 8.33 (1.32) 8.67  

Drought Treatment 6.74 (2.13) 9.44 (0.77) 6.46 (0.78) 6.01 (1.74) 6.60  

Yields Difference in t ha-1 

(in %) 

-1.61 (-19%) 

(n.s.) 

-3.53 (-27%) 

(n.s.) 

-2.52 (-

28%)*** 

-3.31 (-

28%)** 

-2.42 (-27%) 

xx 

Profit Margins in CHF ha-1     

Control Group 2257 (1128) 3640 (933) 2446 (212) 2251 (396) 2352 

Drought Treatment 1774 (639) 2584 (230) 1690 (234) 1555 (521) 
1732 

Difference of Profit 

Margins in CHF ha-1 (in 

%) 

-483 (-21%) 

(n.s.) 

-1056 (-

29%) (n.s.) 

-756 (-

31%)*** 

-696 (-

31%)** 

-726 (-

28%)xx 

 Früebüel 

Yield in dry matter t ha-1      

Control Group 5.47 (0.53) 5.74 (2.04) 5.61 (0.97) 6.08 (0.64) 
5.68  

Drought Treatment 6.16 (2.21) 6.23 (0.79) 6.58 (0.81) 6.48 (0.92) 
6.36  

Yields Difference in t ha-1 

(in %) 

+0.69 (+13%) 

(n.s.) 

+0.49 (+9%) 

(n.s.) 

+0.97 (+17%) 

(n.s.) 

+0.40 (+7%) 

(n.s.) 

+0.59 (+11%) 

(n.s.) 

Profit Margins in CHF ha-1     

Control Group 2179 (158) 2260 (612) 2221 (290) 2362 (192) 
2241 

Drought Treatment 2386 (664) 2407 (238) 2512 (243) 2482 (275) 
2445 

Difference of Profit 

Margins in CHF ha-1 (in 

%) 

+207 (+9%) 

(n.s.) 

+147 (+7%) 

(n.s.) 

+291 (+13%) 

(n.s.) 

+120 (+5%) 

(n.s.) 

+177 (+8%) 

(n.s.) 

 Alp Weissenstein 

Yield in dry matter t ha-1      
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Control Group 2.83 (0.08) 5.02 (0.15) --- 2.84 (0.04) 2.84 

Drought Treatment 1.98 (0.53) 3.17 (0.79) --- 2.65 (1.22) 2.65 

Yields Difference in t ha-1 

(in %) 
-0.85 (-30%)* 

-1.85 (-

37%)** 
--- 

-0.19 (-7%) 

(n.s.) 
-0.85 (-30%)xx 

Profit Margins in CHF ha-1     

Control Group 2057 (63) 2714 (198) --- 2060 (12) 
2060  

Drought Treatment 1802 (175) 2159 (305) --- 2003 (366) 
2003 

Difference of Profit 

Margins in CHF ha-1 (in 

%) 

-255 (-12%)** -555 (-20%)** --- 
-57 (-3%) 

(n.s.) -255 (-12%) xx 

*, ** and *** denote significant differences (10, 5 and 1% level) between treatment and control groups in a specific 

year, indicated by a bootstrapped Yuen-Welch test (N=1999). xx denotes significant general treatment effects (over 

all years) (at the 5% level) indicated by a Kruskal-Wallis test. Numbers in parentheses are MADs.  
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Table 4. Drought impacts on total farm-level grassland production and profit margins for 

three exemplary farm types.   

 Grassland production in t yr-1 Profit margins in CHF yr-1 

Farm type* Control Group Drought 

Treatment 

(relative 

difference in %) 

Control Group Drought 

Treatment 

(relative 

difference in %) 

Exemplary Farm 1  102.90 94.07 (-9%) 41649.23 39005.29 (-6%) 

Exemplary Farm 2  133.41 109.44 (-18%) 43062.22 35882.27 (-17%) 

Exemplary Farm 3  79.59 73.30 (-8%) 41229.82 39344.57 (-5%) 

* A total grassland acreage of 18.91 ha was assumed for all exemplary farms. The distribution across lowland, hill 

and mountain production zone are as follows (in ha). Exemplary Farm 1 – Average distribution of production areas 

across zones: 5.54, 5.95, 7.42; Exemplary Farm 2 – Above average lowland production: 12.22, 2.98, 3.71; Exemplary 

Farm 3 – Above average mountain production: 2.77, 2.98, 13.61. Areas in these zones are associated with results for 

the Chamau, Früebüel and Alp Weissenstein, respectively. See section 3 for detailed descriptions. Numbers in 

parentheses are relative differences between drought treatment and the control group (in %).  
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Table 5. Clover and broad-leaved dock contents at the site Chamau. 

 2006 2007 2009 2010 Mean 

Clover Content (Mean [range] of all plots) 

Control Group 
9% [0-20%] 5% [2-8%] 2% [0-3%] 5% [0-12%] 5% 

Drought 

Treatment 

15% [2-35%] 20% [3-50%] 5% [0-9%] 9% [0-34%] 12% 

Difference in 

Clover Content 

+6% (n.s.) +15% (n.s.) +3% (n.s.) +4% (n.s.) +7% (n.s.) 

 

Fraction of Plots with Clover Content between 30% and 50% 

Control Group 
0 0 0 0 0 

Drought 

Treatment 

 

0.14 (n.s.)    0.4 (n.s.)    0 (n.s.) 0.17 (n.s.) 0.18 (n.s.) 

Fraction of Plots with Broad-leaved Dock 

Control Group 0.86   0.40 0 n.a. 0.42 

Drought 

Treatment 

0.86 (n.s.)     0 (n.s.)    0 (n.s.)    n.a. 0.29 (n.s.)    

 

Broad-leaved Dock Biomass (Mean (standard deviation) of all plots) 

Control Group 

1.66 (1.96) t 

ha-1 

0.23 (0.49) t 

ha-1     
0 t ha-1 n.a. 0.63 

Drought 

Treatment 

2.79 (3.57) t 

ha-1 (n.s.) 

0 t ha-1 (n.s.) 0 t ha-1 (n.s.) n.a. 0.93 (n.s.) 
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Drought Effect 

on Forgone 

Revenue  

-339 CHF ha-1 +69 CHF ha-1 0 CHF ha-1 n.a. -90 CHF ha-1 

Numbers in square brackets and parentheses indicate ranges and standard deviations, respectively. n.s. denotes not 

significant. Yield values refer to dry matter yields.  

 


