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Abstract— The purpose of this paper is to evaluate the 

jointness between agricultural production and ecosys-
tem services using a spatial explicit economic-ecological 
programming model. Thereby, the consideration of non-
agricultural competitors in the provision of ecosystem 
services allows a simultaneous assessment of economies 
of scope. A cost-effectiveness analysis for a case study 
region in Switzerland shows the least costs supplier of 
ecosystem services and spatial patterns in the supply for 
these services. Results imply strong jointness between 
agricultural production and the provision of ecosystem 
services. However, the potential for cost savings is con-
siderable. 

 
Keywords— Economies of Scope, Jointness, economic-

ecological programming model 

I. INTRODUCTION  

Agriculture produces both commodity and non-
commodity outputs. Some of the latter exhibit the 
characteristics of externalities or public goods [1]. 
Ecosystem services (ES), such as climate regulation, 
wildlife conservation or preservation of open space, 
are an important type of public goods provided by ag-
riculture [2]. Agricultural production can be comple-
mentary to, or compete against, environmental ser-
vices and is often associated with a bundle of multiple 
positive and negative services (cf. [3][4]). In addition, 
the jointness between agriculture and ecosystem ser-
vices is often based on a combination of different 
sources and cannot be attributed solely to technical 
interdependencies, non-allocable inputs or allocable 
fixed inputs. Thus, interactions between agriculture 
and ecosystem services are complex. Moreover, socie-
tal demand varies in space and time even within small 
regions [5]. This makes a sound analysis of the joint 
production between agriculture and ecosystem ser-
vices difficult.  

In recent years, several studies investigated the 
jointness between agricultural production and non-
commodity outputs (for an overview: Hodge [6]). 
However, the modelling of interactions between dif-
ferent environmental non-commodity outputs from an 
applied perspective is missing [6]. 

Therefore, the purpose of this paper is to evaluate 
the jointness between agricultural production and eco-
system services using a spatial explicit economic-
ecological programming model. Thereby, the consid-
eration of non-agricultural competitors in the provi-
sion of ecosystem services allows a simultaneous as-
sessment of economies of scope. A cost-effectiveness 
analysis for a case study region in Switzerland shows 
the least costs supplier of ecosystem services and spa-
tial patterns in the supply for these services. 

The existence of societal demand for a certain envi-
ronmental benefit is a "first order condition" through-
out the analysis of economies of scope [2]. Given so-
ciety’s demand, economies of scope represent a frame-
work in order to reveal the least cost supplier of this 
service. 

II. PROBLEM STATEMENT  

The OECD framework regards the concept of 
economies of scope as a policy oriented indicator for 
the jointness between agricultural production and posi-
tive environmental goods and services [7]. Economies 
of scope occur when the production of two or more 
products jointly is less costly than the sum of the costs 
of producing each product individually. According to 
the concept of the OECD, three steps are necessary to 
identify economies of scope in agricultural provision 
of ES: a) assessment whether the provision of ecosys-
tem services can be de-linked from agricultural pro-
duction; b) if de-linkage is possible, the associated 
costs must be estimated; and c) these costs must be 
compared to the cost of agricultural joint provision. 
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Three main problems emerge from this approach: 
Firstly, the underlying jointness between agricultural 
production and ecosystem services is currently dis-
guised by existing support. The extent of agriculture’s 
contribution to ecosystem services in an unsupported 
situation is unknown and cannot be evaluated empiri-
cally. However, economic assessment of jointness re-
quires a reference to this basic situation in order to 
evaluate efficient provision schemes. Otherwise, the 
connection between agricultural production and ES 
may be (over-) underestimated. Therefore, the analysis 
is based on an agricultural sector supply model using 
normative scenario techniques (cf. [8]). In relation to 
property rights, a situation without support refers to 
the counterfactual position [6]: farmers will select type 
and intensity of their farming systems in the absence 
of agricultural policies. Thus, farmers have the right to 
produce irrespectively of society’s demand for public 
goods. Starting from this outcome, farmers are forced 
to provide ES (or avoid negative impacts on ES) and 
can be remunerated for these efforts. 

Secondly, alternative providers of ecosystem ser-
vices are currently still strongly related to agriculture. 
However, due to the recent development of new tech-
nologies in modern biomass conversion, industrial bio-
energy production emerges as a new form of land-use. 
The production of bio-energy thereby obtains a new 
dimension: instead of competing with fossil resources, 
non-agricultural bio-energy producers could compete 
with multifunctional agriculture in the provision of 
ecosystem services [9]. In this study, the focus lies on 
the production of electricity through biogas plants in 
combination with a biorefinery which produces insula-
tion material. 

Thirdly, the main advantage of agriculture may lie 
in providing several ecosystem services simultane-
ously [10]. Simply adding up the costs for providing 
ecosystem services based on separate evaluations can 
result in misleading results. Therefore, an integrated 
modelling approach is needed which combines eco-
nomic activities with environmental outcomes. 

Above all, spatial differences in demand and supply 
of ecosystem services play an important role in the 
assessment of jointness. The spatial distribution of 
ecosystem services and of returns for competing land-
uses are essential when modeling the supply of eco-
system services [11]. In this applied case study, the 

assessment of economies of scope in the agricultural 
provision of ecosystem services is conducted with a 
spatial explicit sectoral supply model, focusing on the 
following questions: 
• What consequences can be expected for agricul-

tural production in Switzerland given a large re-
duction in support? 

• What costs are associated with higher levels of 
ecosystem services in a specific Swiss region? 

• Given an industrial bio-energy production repre-
senting a non-agricultural provision of ecosystem 
services, how do agricultural economies of scope 
change when subject to higher prices for bio-
energy?  

III. METHODOLOGY 

A. Economic-ecological Model 

For this research question the agricultural allocation 
model S_INTAGRAL was adapted, which was origi-
nally developed for the economic evaluation of carbon 
sequestration potentials, agricultural GHG mitigation 
strategies and nitrogen reduction potentials 
([12][13][14]). S_INTAGRAL is a recursive-dynamic 
linear optimization model which maximizes the ag-
gregate annual income (labour income plus land rents) 
of Swiss agriculture under consideration of cropping 
constraints, plant nutrient requirements, manure pro-
duction, forage and fertilizer balances, as well as 
structural constraints. The model includes all impor-
tant activities with regard to income generation, land- 
use, livestock, agricultural bio-energy production, as 
well as GHG and nitrogen emissions.  

The base model was originally divided into three 
major production zones (plains, hills and mountain 
area) and distinguishes between land suitable for crop 
rotation and grassland. Within these categories, land is 
homogenous. For this study, zones are replaced with 
spatially explicit units of homogenous land. These 
units are defined by their natural and anthropogenic 
conditions, but are independent of property rights. As 
the focus is on a situation without support – which 
cannot be observed in reality – the recursive element 
was removed from the model. A static approach suf-
fices for this research questions since the adjustment 
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processes is not of interest but the comparison of dif-
ferent states of ecosystem levels. 

Secondly, more fragmented land units are generated 
by introducing agricultural suitability information 
covering a certain zone (Data source: [16]). Once 
again, this leads to a fragmentation of the land units 
(elements I-VII, drawing in Figure 2), representing a 
perfect land fragmentation for agricultural production. 

In addition the model has been expanded with bio-
energy production activities (production of electricity). 
Since they should represent a non-agricultural user of 
land, the focus is on industrial production plants with a 
capacity of more than 5000t of biomass (dry matter) a 
year1. Due to their size, we assume full working load 
for their machinery. Marginal production costs in bio-
energy production are therefore lower than in agricul-
ture. The model optimizes total regional income over 
all producers and land units. As we assume a small 
open economy, agricultural production prices are 
taken exogenously. Given this research design, we 
assume European production prices for agricultural 
products. Production process and structural parameters 
are based on average Swiss data. The price scenario 
for food products is based on prognoses of the OECD 
and FAO for 2016 [15]. Spatial data is based on the 
geo-databases of the Swiss government. 

In addition to size and soil suitability, the model 
adds further characteristics to each land unit:  

• climatic suitability for agricultural production 
(Data source: [17]); 

• average slope (Data source: Digital Elevation 
Model (DEM)); 

• biodiversity index (BI). 

BI refers to the benignity of the parcel for biodiver-
sity conservation which is based on a cost distance 
calculation. The model calculates the least accumula-
tive cost distance for each land unit to the nearest wa-
ter body or woodland over a cost surface. As a result, 
the accessibility of each parcel to natural habitats is 
quantified. 

Afterwards, these land characteristics are integrated 
into the ecological-economic model. On the one hand, 
this information influences crop yields and cultivation 
costs. On the other hand, information regarding the 
proximity to natural habits helps to assess effects on 
biodiversity. To simplify model outputs, land units 
with an area smaller than 400 m2 are omitted in the 
optimization. The GIS model does not take into ac-
count land tenure. Therefore, constructed land units 
are bigger than existing parcels. This is in line with the 
economic model which also does not account for indi-
vidual farms. 

 

B. GIS Model 

The linkage between S_INTAGRAL and the geo-
graphical information is built on a Geographical In-
formation System (GIS) model. Based on the existing 
land characteristics, the latter forms continuous land 
units which are homogenous in their agricultural pro-
duction suitability. In addition these land units contain 
information on the climatic suitability, average slope 
and the suitability for biodiversity conservation. To 
achieve the corresponding land units, the GIS model 
processes the data in two steps (cf. Figure 1). 

Firstly, the model filters the data required for the 
corresponding region out of data for Switzerland as a 
whole and dissects the landscape using existing natural 
and anthropogenic linear elements, such as traffic rou-
tes, water/streams and edges of settlement areas or 
woods. This procedure results in a fragmented land-
scape with continuous land units (elements I-V, draw-
ing in the middle of Figure 1).  

                                                           
1. 1 The term “non-agricultural bio-energy producers” may be mis-

leading in countries with large agricultural structures. In this 
case, there may be no difference between the two. However, in 
our case we refer to family based farms. Therefore, the size of 
farms is restricted whereas bio-energy producers can make use 
of scale economics. 
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Figure 1: GIS based landscape fragmentation 

 

The linkage between the economic-ecological 
model and the GIS data combines two different mod-
elling approaches to land-use issues: Given the static 
character and the tendency of extreme behavior in 
normative mathematical programming models, this 
approach is close to a land rent model. On the other 
hand, environmental and structural constraints in the 
model combine a large amount of activities, thereby 
enlarging the solution space and pushing the character-
istics of the model closer to a normative agricultural 
regional farm type supply model (cf. [18]). 

C. Representation of jointness in S_INTAGRAL 

The linear structure of the model also implies a lin-
ear relation between sectoral income and ES in 
S_INTAGRAL. In Figure 2, the effect of implement-
ing environmental restrictions into the model is exem-
plified. The reference situation without environmental 
restrictions leads to a maximal income (cf. max. 
dashed line). Activities A - C represent different agri-
cultural production technologies related to ES. If the 
latter has to be increased to a certain level, the model 
chooses those activities with the highest contribution 
to the sectoral income (left side in Figure 2). With in-
creasing environmental standards the sectoral income 
decreases implying a competitive relationship. The 
result of this process is a transformation function be-
tween the sectoral income and the environmental ES 
(right side in Figure 2). However, the connection be-
tween agricultural production (in contrast to the sec-
toral income) and the environmental output depends 

on the different technologies A-C. For example, activ-
ity B may involve a higher agricultural production 
than A. Therefore, the jointness between agricultural 
production and the environmental non-commodity 
output depends on the combination of different linear 
relationships between agricultural production tech-
nologies and non-commodity outputs. 

 

 
ES 

ESB ESC ESA 

max. 

A 
B 

C 

Sectoral income 

Figure 2: Relation of sectoral income and ES 

IV. STUDY DESIGN 

A. Research approach 

Model framework and output scenarios of the study 
are illustrated in the upper and lower part of Figure 3 
respectively. The core of the model consists of three 
modules: Livestock, plant and bio-energy production. 
Outputs of each module either leave the system 
through markets or serve as an input for another mod-
ule. Restriction sets over crop rotation, nutrient and 
fodder balance combine the modules. The lower part 
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of Figure 1 illustrates the research approach of this 
study. Firstly, we model agricultural production with-
out public support (reference scenario). In this case, 
no support represents a situation where there is no di-
rect governmental support (direct payments, invest-
ment assistance, etc.,) and no tariff protection above 
the EU level (i.e. European production prices). Start-
ing from this point, two different scenarios are con-
structed, representing land-use systems with succes-
sively higher demand concerning ecosystem services. 
Thereby, the production of energy from biomass is 
explicitly considered as an alternative to agricultural 
production in the provision of ecosystem services. 
Thus, the results reveal the least costs associated with 
a specific level of social preferences for ecosystem 
services. At the same time, the spatial explicit ap-
proach reveals a pattern of agriculture and bio-energy 
production. 
 

Production cycle in S_INTAGRAL 

Emissions 

Emissions 

Livestock 
production 

Plant  
production 

Manure Forage 

Animal products Concentrate feed 

Cash crops Nutrient input 

Environmental indicators for ES, Agricultural activities, Land-use, regional income for three scenarios 

Ecosystem sercives scenario 

No support / market goods 

Restricted ES 

Landscape scenario 

No support / market goods 

Restricted land-use 

Reference scenario 

No support / market goods 

No additional restrictions 

Bioenergy 

production 
Waste material Energy 

Model activities 

Outputs 

Inputs 

Flows 

Biomass Manure 

 
Figure 3: Model framework and output scenarios 

Throughout the model, ecosystem services (as de-
fined by Daily [19]) are represented by indicators. Dif-
ferent levels of ecosystem services are obtained by 
changing existing (or introducing new) environmental 
restrictions in the model (cf. Table 1). Open landscape 
and landscape diversity refer to the provision of aes-
thetic beauty and intellectual stimulation. In order to 
achieve higher levels of aesthetic beauty, fallow land 

is restricted and the share of different crops must be 
increased on a certain percentage of the total area. In 
the model output, differences in the landscape patterns 
can be expressed by the Shannon-Index (in GIS mod-
els cf. [20]). 

Ecological compensation areas (ECA) and the qual-
ity of biodiversity are part of the biodiversity mainte-
nance and thus to the habitat function of landscapes. A 
higher level of biodiversity maintenance is expressed 
by higher shares of ECA and a better accessibility 
from these compensation areas to bodies of water 
(lakes, streams) or woods (forests, trees, hedgerows). 
Nutrient balance and soil preservation belong to the 
ecosystem service category of soil and fertility preser-
vation. Activities in the model lead to a degradation of 
these environmental services. Higher levels are ex-
pressed through a decline in nutrient runoff and en-
hanced crop rotation requirements. A reduction in 
greenhouse gas emissions (GHG) refers to the ecosys-
tem service of air purification and climate regulation. 
Improvements are achieved by reducing CO2 equiva-
lents from the base solutions. 

B. Scenarios 

The scenarios defined in Figure 1 result from comb-
ing these requirements for higher ecosystem service 
levels. The reference scenario represents the prescrip-
tions of the Swiss environmental laws but has no addi-
tional requirements relating to ecosystem services. For 
example there are no constraints concerning land-use. 
In principle, the whole area could be abandoned. 
Farmers do not have to set aside any compensation 
areas. An overrun of nutrients (N, P) is tolerated. The 
latter implies that the extent of animal nutrient output 
in the model is allowed to be 10% higher than the 
amount of nutrients needed for crops production (Cur-
rent Swiss law). In addition, there are no additional 
requirements concerning soil preservation through im-
proved crop rotation or limits to Nitrogen or GHG 
emissions. The landscape scenario refers to a higher 
level of aesthetic beauty. Therefore at least 90% of 
total area must be cultivated, whereby the landscape 
must exhibit a pattern with different crops and a share 
of 7% of ecological compensation areas. A different 
pattern of land-use is achieved by restricting the crop 
rotation not to the whole area but to smaller sub-
regions and introducing a minimal share of 26% crop 
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production. The shares for these restrictions are related 
to the existing land use in this region. In the ecosystem 
services scenario, additional requirements are intro-
duced into the model. Nutrient in- and output must be 
balanced and the share of environmentally harmful 
Nitrogen emissions must be reduced to a level of 80% 
compared to the reference scenario. The share of 
compensation areas is increased to an ecological opti-
mal level of 15% [21]. GHG emissions are limited to 
90% of the reference scenario level. Table 1 pictures 
model restrictions and ES indicators for the three sce-
narios. 

Table 1: Model restrictions in scenarios 

Indicator for ES Scenario 
 Reference Landscape ES 

Cultivated area - 90% 90% 
Crop share in total area - 26% 26% 

ECA (natural habitat) - 7% 15% 
Open crop area - - 0% 

Nutrient balance - - 80% 
GHG emissions - - 90% 

 
The costs of reaching the different levels of ecosys-

tem services are expressed through the reduction of 
the total regional income. Given the property rights 
defined in paragraph x, the difference in income can 
also be seen as a minimum amount of the required 
public support for the competitors to provide these 
services. The price corresponds to the marginal cost of 
providing the ecosystem service and differs from the 
existing direct payments which are based on average 
cost estimations. Finally, without taking transaction 
and adjustment costs into account, we can estimate the 
dimension of overall payments for the corresponding 
region and compare it to the actual expenditure. 

The GIS model has been applied to the district of 
Muri, which serves as a case study region. The region 
has an area of 112 km2, of which 68% is cultivated by 
agriculture (mostly mixed farms).  

 
 
 
 

V. RESULTS 

A. Reference scenario 

Our results show effects on land-use and farm char-
acteristics in a long run perspective. The reference 
scenario refers to an optimal solution under complete 
rational economic behaviour and the stated parameters 
which does not represent actual values and structural 
conditions. 

Given the methodological approach of this study, 
the consequences for agricultural production depend 
on the level of opportunity costs for land and labour. 
Figure 4 shows agricultural land-use in the reference 
scenario subject to changing opportunity costs. Above 
opportunity costs of 15 CHF per labour unit and 700 
CHF per ha respectively, agriculture ceases produc-
tion. With opportunity costs of 10 CHF per hour of 
labour and 400 CHF per ha of land in production the 
agricultural income per work unit is similar compared 
to the actual values. Therefore, the comparison with 
the two other scenarios is based on these assumptions. 
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Figure 4: Land in production with changing opportunity costs  
 

Under the stated parameters, the regional income in 
the reference scenario consists of the returns on milk, 
meat and root crops and amounts to CHF 19 million. 
Milk production dominates the overall income. There-
fore 87% of total area is used for grassland production 
which is the basic fodder in milk production. For addi-
tional feeding purposes, maize is cultivated on 11% of 
the area. However, a large part of concentrated feed 
needed for dairy production, is imported. Production 
intensity is high on all land units. A small share of root 
crops is cultivated on land units with a high suitability 
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for agricultural production. From the removal of sup-
port for agriculture, less than 1% of fallow land results 
However, except for the provision of open space, the 
agricultural contribution to landscape diversity and 
biodiversity in the reference scenario is low. This is 
expressed by the low values of the Shannon diversity 
index (H) which can be attributed to dominance effect 
of the grassland. 

Results of the reference scenario reflect two eco-
nomic mechanisms: without support, marginal land 
units are abandoned and agricultural activities are con-
centrated on those with a comparative advantage 
(grassland based milk production).  

B. Landscape and Ecosystem services scenario 

Table 2 gives an overview to the changing key char-
acteristics of the other scenarios with an increased 
demand for ecosystem services compared to the refer-
ence scenario. The last column shows results of the 
ecosystem services scenario with electricity tariffs of 
0.25 CHF per kWh. At this level, bio-energy produc-
tion in connection with a biorefinery starts to displace 
agricultural production (cf. next section). 

The imposed model restrictions lead to a reduction 
of the sectoral income of approximately 30% in the 
landscape and 40% in the ecosystem services scenario 
respectively. This corresponds to an amount per ha of 
CHF 595 in the landscape and CHF 784 in the ecosys-
tem services scenario. 

The income loss in the landscape scenario comes 
from the changed landscape pattern which is assessed 
by the increased Shannon index. In relation to the ref-
erence scenario, farmers have to reduce the area for 
forage production (grassland) and increase the crop 
area in order to reach the same allocation as today 
(26% crop area). As a consequence, the number of 
animals has to be reduced and milk production de-
creases to 70% of the level in the reference scenario. 
Therefore, also livestock intensity per ha decreases. In 
addition, the produced wheat substitutes the imports of 
concentrated feed. On land units with high agricultural 
production suitability, cash crops are cultivated. Still, 
land use is dominated by grassland (60% of total land 
use). The amount of fallow land increases slightly to 
the maximal amount of 10%.  

Without this open space restriction, farmers would 
abandon more land in order to minimize the income 

loss. In addition, the results show that the introduction 
of constraints concerning land-use already reduces the 
amount of N-loss and GHG emissions. This indicates 
cost complementarities in the provision of ecosystem 
services. With the reduction in livestock density the 
negative environmental effects also decreases. 

This is still more pronounced by the results of the 
ecosystem scenario. Additional requirements in this 
scenario further reduce income and the amount of 
work. But, this decline is much smaller than between 
the landscape and the reference scenario. The differ-
ences between the landscape and the ecosystem ser-
vices scenario have two causes: a) the requirements 
concerning nitrogen loss and GHG emission lead to a 
reduction in the number of cows and b) the increased 
share of ECA involves sheep husbandry. The latter 
enters the solution as sheep can be fed with a higher 
share of extensive grass in their feeding ration whereas 
the intake of extensive grass for milk cows is re-
stricted. 

C. Bio-energy production in scenarios 

The last column in Table 2 shows results given an 
electricity tariff for non-agricultural bio-energy pro-
ducers of CHF 0.25. In this case, 27% of the agricul-
tural land is used for the production of electricity and 
insulation material. The sectoral income and the in-
come per farmer increase slightly compared to the 
ecosystem services scenario. The reason for this is that 
the extensive grass from the ECA is no longer fed to 
animals but can be disposed in the energy production. 
In addition, bio-energy production leads to a further 
reduction in the nitrogen loss potential and GHG 
emissions. Again, this results from lower livestock 
intensity. 
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Table 2: Key figures in scenarios 

 Unit  Reference Landscape ES ES (0.25) 
Sectoral income m CHF  19.12 13.55 11.78 11.98 

% of Reference %   71% 62% 63% 
Income per farmer (work unit) CHF  36’940 34'812 32'743 33'467 
Fulltime farmer 2800 h/y  518 389 360 288 
Provision cost per ha CHF   595 784 763 
       
Milk production Bn kg  93 64 57 42 
Dairy cows nr.  11564 8028 7155 5215 
other animals (sheep) nr.  0 0 1845 0 
       
Livestock units nr.  14'234 9'882 9'046 6'419 
Livestock unit / ha   1.65 1.17 1.07 1.08 
Import of fodder crops kt TS  15 4 2 2 
       
Land use agriculture ha Root crops 165 462 452 578 
  Wheat, barley 0 1'193 1'378 1'644 
  Maize 935 650 579 400 
  Oil seeds 0 777 602 210 
  Ley (Grassland) 1'650 2'114 2'085 1'649 
  Permanent grassland 5'872 3'224 3'323 1'438 
Total land use agriculture ha  8621 8420 8420 5919 
Land use bio-energy production ha  - - - 2501 
      27% 
Fallow land ha  735 936 936 936 
       
Ecological compensation areas ha  0 589 1263 1263 
N-loss kt  0.87 0.74 0.69 0.63 
 %  100% 85% 79% 73% 
GHG emissions (CO2 equiv.) kt   1403.36 1284.35 1199.38 1162.35 
 %  100% 92% 85% 83% 
       
Shannon diversity index H  0.91 1.67 1.72 1.73 
 DOM  1.04 0.27 0.23 0.22 
 EVEN  0.47 0.86 0.88 0.89 

 

Figure 5 shows effects on land-use with increasing 
electricity tariff. At a level of CHF 0.15 per kWh 
one bio-energy plant enters the optimal solution. At 
this price level, sheep husbandry is substituted with 
the production of electricity and insulation material. 
The spatial implication of this result is that marginal 
land units are used by non-farmers and areas with 

high agricultural production suitability remain in 
agricultural production (cf. Figure 8 in the Annex). 

With a tariff higher than CHF 0.2, bio-energy 
substitutes further agricultural activities. At a level 
of CHF 0.25 more permanent grassland is used for 
bio-energy than for milk production.  

In reality, existing market based electricity tariff 
in Switzerland is CHF 0.09 [22]. Therefore, a substi-
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tution of agricultural production would entail a trip-
lication of actual electricity tariffs. This implies that 
agriculture still has lower costs in the provision of 
ecosystem services than non-agricultural competi-
tors. This in turn can be interpreted as indication for 
strong jointness according to the concept of the 
OECD. 

Calculations without the production of insulation 
material in a biorefinery show that the trigger price 
at which non-farmers get competitive is increased at 
CHF 0.2. Substitution of farm activities beyond the 
provision of ECA starts at CHF 0.25. This indicates 
that without technological improvement in biomass 
conversion technologies, economies of scope in the 
agricultural provision of ES persist.  
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Figure 5: Land-use with increasing electricity tariff 

VI. DISCUSSION 

The modelling of Swiss agriculture with Euro-
pean production prices and no additional direct 
payments shows considerable changes in agricul-
tural production. This is not surprising since Swit-
zerland still has the highest producer support esti-
mate (PSE) worldwide [23]. Given complete eco-
nomic rational behaviour, farmers would concen-
trate on milk production and abandon marginal land. 

Agricultural contribution to ES in the reference 
scenario is rather low since farmers have no incen-
tives to provide these services. Indeed, farmers pro-
vide open space by cultivating the agricultural sur-
face. However, additional services (e.g. habitat or 
regulation functions) are neglected. This is in line 
with current observations that even with high pay-

ments for ecological compensation areas, the envi-
ronmental goals in the Swiss lowlands are not at-
tained [24]. And Peerlings and Polman [25] illus-
trate for Dutch dairy farms that only few farms ex-
hibit economies of scope in the provision of milk 
and landscape services. 

Through the provision of ecosystem services, ag-
ricultural income is reduced due to the imposed 
model restrictions. Targeted payments of approxi-
mately CHF 600 (780) per hectare of land would 
offset these imposed costs in the landscape and the 
ecosystem services scenario respectively. This in 
turn corresponds to 70% of the actual decoupled 
area payment (CHF 1080) and 40% of average total 
direct payments per ha in the Swiss lowlands (ap-
proximately CHF 2000). The extent of these differ-
ences can be explained by the historical develop-
ment of the actual payments, which are rather based 
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on political income requirements than on the provi-
sion of public goods. Therefore, the extent of actual 
support can not be solely attributed to the provision 
of environmental services. Hence, in a long perspec-
tive the potential for cost savings in the provision of 
ecosystem services is considerable. This is in line 
with the study of Brunstad et al. [26]. Their results 
based on a partial equilibrium model show similar 
savings for the Norwegian agriculture sector in the 
provision of landscape services and food security.  

Nevertheless, there may be a need for additional 
policy instruments (e.g. welfare payments per farm 
household) in order to achieve acceptable levels of 
farm income irrespectively of the compensation for 
the provision of ES. 

The differences between the two scenarios show 
that livestock reduction leads to the highest sectoral 
income loss. This is due to the comparative advan-
tage of grassland based dairy production in Switzer-
land. Therefore, livestock is only reduced as a last 
option. This may hold for our scenarios in which 
different ES are combined as well as for the provi-
sion of separate ES, as Neufeldt and Schäfer [27] 
show for GHG mitigation in Germany and Peter 
[14] for Switzerland. In addition, the small differ-
ences between the two scenarios refer to strong cost 
complementarities in the agricultural provision of 
ES. 

However, the level of the savings must be put into 
perspective. We are aware that the economic model-
ling approach (sector model) overestimates factor 
substitution. In reality different farm types have dif-
ferent provision costs for ES (cf. for Switzerland 
[28]). Costs may differ whether a high or low cost 
farm provide these services. This has spatial impacts 
[29] and ecological consequences [30]. In addition, 
the nature of jointness (complementary or competi-
tive) can change with the level of intensity in pro-
duction of the farm [31]. In addition, the spatial dif-
ferences in the provision imply high expenditure for 
the implementation of targeted policies which are 
needed in order to achieve these savings. In the 
model, environmental goals are easily achieved by 
introducing constraints. But in reality, the achieve-
ment of these goals would depend on complex con-
tracts between government and farmers. Whether 
these contracts would provide the expected ES 

needs to be assessed [6]. Thereby, the specific in-
strument chosen and the implementation of the tar-
geted policy is a crucial task [32]. 

The introduction of non-agricultural competitors 
into the model shows that electricity tariffs must 
increase considerable in order to displace an agricul-
tural provision of ES. This implies a strong jointness 
between agricultural production and the provision of 
ES. However, the development of new types of bio-
refineries could alter this picture. The insertion of a 
side product (insulation material) lowers the trigger 
point at which the non-agricultural competitor gets 
competitive. Therefore, future technologies could 
weaken the jointness between agriculture and ES. 
Thereby, the development of the second generation 
of conversion technologies such as cellulosic etha-
nol production [33] is a crucial aspect. For example, 
Tilman et al. [34] show that a low input and high 
diversity biomass can be combined with the produc-
tion of biofuels. This is of importance, since our re-
sults show that land with high agricultural produc-
tion suitability tends to remain in agriculture and 
particularly marginal land would enter the bio-
energy production. In this case, non-farmers would 
provide ES on sensitive land-units without the nega-
tive impacts of agriculture. 

Therefore, the introduction of non-farmers adds 
an important aspect in the assessment of economies 
of scope. Otherwise, if non-farmers lack the oppor-
tunity for the production of a market product but use 
the same production technology as the farmers, there 
will always be economies of scope in the agricul-
tural provision [35]. 

From an efficiency perspective, there is no reason 
why a farmer should be remunerated for the provi-
sion of ES, whereas biorefineries are not. The policy 
implication of our study is, that agricultural policies 
which try to promote the provision of ES must take 
into account technological development of non-
agricultural competitors. 

VII. CONCLUSIONS  

This study investigates agricultural economies of 
scope in the provision of ecosystem services in the 
Swiss lowlands. Results from a spatial explicit eco-
nomic-ecological programming model show that 
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under the stated parameters, output prices for non-
farmers (electricity and fibre) would have to in-
crease considerable in order to compete with agri-
culture in the provision of ecosystem services. Thus, 
agriculture still is the least cost supplier of these 
services. In relation to the concept of the OECD, the 
conclusion is that agriculture reveals a strong joint-
ness regarding ecosystem services. However, new 
technologies will reduce the gap for non-farmers. As 
the results in this study imply, this is of particular 
interest on land with low agricultural production 
suitability. Therefore, in the provision of ecosystem 
services agricultural policy should take into account 
technological development beyond food production.  
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ANNEX 
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Figure 6: Spatial representation of the reference scenario  
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Figure 7: Spatial representation of the ES scenarios  
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Figure 8: Spatial representation of the ES scenario including bio-energy production  
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