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Farm- and product-level biodiversity assessment of conventional and organic dairy production
in Austria
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The novel method developed for this study evaluates the impact of farming practices on farmland biodiversity, allowing for
the assessment of the biodiversity potential of dairy farms at farm and product levels. We linked farming practices as
pressure indicators to the species number and abundance of 11 indicator species groups (ISGs), evaluated semi-quantita-
tively by expert judgements. We calculated biodiversity potential based on food—web relationships between the ISGs, using
Monte Carlo simulations for the analysis of uncertainty of expert assessments. We applied the assessment model to 8925
dairy farms from seven different Austrian regions, using official statistical data sets at farm level and interviews with farmers
and experts. The results show that the approach can be used to identify differences in the biodiversity potential of farms and
milk. Milk from organic farms received 4-79% higher biodiversity scores than milk from conventional farms in all regions.
The application showed that in the case of Austrian dairy production, the approach can be used for assessments of both
farms and products. However, the approach needs validation and, for product-level assessment, further development to cope
with longer supply chains or compound products from different bio-geographic regions.
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assessment

1. Introduction

The intensity of modern agricultural production systems
has been increasing in the course of the twentieth century
as a response to technical progress, productivity gains in
other economic sectors, and the pressure of a growing
world population with growing demand for food. This
intensification has severely increased the pressure on nat-
ural resources such as land, air, and water (MA 2005).
Intensive modern agricultural production negatively
affects biodiversity, in terms of genetic, species, and habi-
tat diversity (Rockstrom et al. 2009; ten Brink et al. 2009).
However, there are large variations in effects depending on
farm management, production intensity, and region
(OECD 2001). For example, agriculture may also have
positive effects on biodiversity, such as when species and
habitat diversity in agro-ecosystems are fostered by speci-
fic measures such as diverse crop rotations, banning syn-
thetic weed and pest control, or reducing nitrate input into
the system (Hole et al. 2005; Tscharntke et al. 2005).
Hole et al. extensively reviewed the impacts of organic
farming and conventional agriculture on species numbers
and diversity and reported that 87 of 123 studies found a
positive impact of organic farming practices, 28 studies
found no difference between organic and conventional
agriculture, and the remaining eight studies concluded
that there were negative impacts of organic farming
(Hole et al. 2005). Organic farming practices were demon-
strated to be most favourable for farmland birds, predatory
insects, spiders, soil organisms, and the arable weed flora,
while non-beneficial organisms (including pests) did not

show different levels of abundance between farming sys-
tems (Bengtsson et al. 2005; Fuller et al. 2005; Hole et al.
2005). In Switzerland, differences between farming sys-
tems were more pronounced in arable land than on grass-
land (Schader et al. 2012), with prevalent differences
between organic and non-organic farms found at species—
group and at farm-structural level (Gibson et al. 2007;
Schader et al. 2013). In addition to differences in biodi-
versity in cropped areas, Boutin et al. (2008) identified
higher plant species richness in semi-natural habitats on
organic farms than on conventional farms.

Most of the above-mentioned studies determined species
diversity in specific crops under different farming practices at
field or habitat level and focused on certain groups of farm-
land species, such as vascular plants typical for field habitats,
carabids, or butterflies. These studies provide valuable inputs
about the impact of farming practices on farmland biodiver-
sity, but most studies have assessed species diversity on field
and farm scales. The only studies that have tended to focus at
larger scales, such as the whole-farm scale, have assessed
vertebrate species diversity.

It is not feasible to assess overall species diversity on
entire farms, so models are needed that enable an evaluation
of the biodiversity status of the whole agriculturally used area
within a farm. However, such models are still scarce
(Schader, 2009; von Haaren et al. 2012; Jenny et al. 2013).
Furthermore, models are often requested that allow assess-
ment of biodiversity impacts at the product level, particularly
in the context of product declaration and food consumption
as a growing number of processors, retailers, and consumers
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are interested in the environmental footprint of their purchase
or consumption. A widely used method for assessing the
environmental burdens of products is life cycle assessment
(LCA) (International Organization for Standardization
2006a; 2006b). In contrast to other assessment methods,
LCAs consider the whole life cycle of a product and relate
the environmental impacts to a functional unit. These fea-
tures make the LCA approach particularly useful in the
consumption-related environmental assessment of products,
although they have been a hindrance for the differentiated
evaluation of biodiversity.

LCA practitioners mostly refer to eco-toxicity and land
occupation as proxies for the biodiversity impacts of products
(De Schryver et al. 2010). However, these indicators cannot
represent biodiversity impacts in sufficient depth. Hence,
there is currently no product-related biodiversity assessment
method that is both broadly accepted, detailed enough to
distinguish between agricultural production methods, and
feasible in terms of data requirements to cover a large number
of farms and produce representative results for products (Mila
i Canals et al. 2007; Jeanneret et al. 2008). As a consequence,
biodiversity aspects are seldom considered in product-related
environmental assessments of agricultural products.

The aim of this paper is to address this methodological
lack by presenting a novel, farm-level approach for assessing
the farmland species diversity potential of different agricul-
tural production systems and for extending the assessment to

Foreground data

Farm structure survey | Nutrient flow models

Field data | Interviews with farmers
Expert interviews | Aerial photographs

Parameter scores per
indicator species
group

Weighted parameters

Weighted indicator species [ s

Weighting of farms 3
according to

product output

Relative difference between products

Figure 1. Overview of the biodiversity assessment approach.

Product-specific biodiversity score

Product A Product B
—* Relative difference in species diversity on grassland

product level. A further aim is to demonstrate its application
in a comparison between conventional and organic dairy
farms in seven regions of Austria.

2. Methods

This segment of the paper is divided into two sections. Section
2.1 describes the derivation of a model to assess biodiversity
potential at farm and product levels. Although the model can
be readily adapted to other contexts, the weighting of several
variables in the model is context-specific; so some parameters
were weighted in consultation with experts in the particular
context of this study. The method of weighing these variables
is also described in this section. In Section 2.2, we describe
how the model was applied in the case of Austrian dairy farms.

2.1. Biodiversity impact assessment approach

The general model framework was based on a biodiversity
scoring system, which is a response-based whole-farm
approach to assess wildlife-friendliness of agricultural pro-
duction (Jenny et al. 2010, 2013) and which has already been
implemented in the standards of integrated production sys-
tems in Switzerland. The framework for impact classification
at species level was based on the procedures in Swiss
Agricultural Life Cycle Assessments — Biodiversity
(SALCA-BD) (Jeanneret et al. 2008), which assess the
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impacts of all land management interventions (tillage, plant
protection, fertilisation, harvesting) on a set of indicator
species groups (ISGs). The farm and regional aggregation
procedures were based on an economic-ecological sector-
level model called CH-FARMIS (the Swiss version of
FARMIS) (Schader 2009). In addition to these three
approaches, scientific peer-reviewed literature, data of
national environmental evaluation programmes in Austria
and Switzerland, and expert assessments were used for
selecting and weighting parameters semi-quantitatively and
for validating the model assumptions.

The model takes diverse agricultural habitats with opti-
mal biodiversity management for enhancing species richness
and abundance within farmlands as a reference state. A
biodiversity potential of 100% is defined as this reference
state, without specifying a particular abundance or number of
species. Intensive agricultural production, in which the mini-
mum legal environmental standards are followed, was used
as the baseline (biodiversity potential = 0%) for the evalua-
tion. Thus, land use activities that are a step towards the
reference state from the legal minimum standards were
included in the model (Table Al, Appendix). Model para-
meters were based on scientific literature (e.g. Hole et al.
2005) and/or the outcome of national evaluation pro-
grammes. The system boundaries were drawn at the farm
level to encompass all variables that influence on-farm bio-
diversity and which explicitly include crop- and non-crop
habitats, such as hedges or fallows, belonging to the farms.
The method concentrates on agricultural pressure indicators
assessing the pressure on or the promotion of biodiversity on
the farm. By doing so, the method does not model biodiver-
sity in a comprehensive sense since influences of landscape
parameters on biodiversity beyond the farm scale are not
included. The calculated biodiversity potential does not
reflect an absolute state of biodiversity in terms of actual
species numbers and abundances, but reflects the impact of
different farming practices on farmland biodiversity on a
relative scale.

An overview of the approach used for deriving the bio-
diversity scores is shown in Figure 1. Background data, such
as expert knowledge, scientific literature, and policy evalua-
tion reports, were used to select and weight parameters and
ISGs. Foreground data, such as farm structure data and
participation in agri-environmental programmes, were used
to calculate the scores that a farm achieves for each para-
meter. These scores were then aggregated to the farm level
and expressed as a proportion of the maximum possible score
(normalisation), which enabled comparison between farms.
If a product comparison is desired, such as comparing
organic milk with conventional milk within a specific region,
the normalised scores for each farm producing one product
are aggregated and can then be compared with the aggregated
score of the farms producing the other product.

2.1.1. System boundaries

System boundaries were set at the farm gate. This means
that the biodiversity potential on the farm was exclusively

taken into account, while biodiversity impacts of proces-
sing, retailing, and inputs, such as production and transport
of mineral fertilisers, pesticides, or purchased fodder, were
not considered in the biodiversity potential assessment.

2.1.2. Selection of ISGs

The potential for farmland species diversity and abun-
dance on farms was calculated using the model, which
includes the impact assessment of management practices
and habitat structures (Table A1, Appendix) on 11 ISGs.
The ISGs include soil fauna, soil microorganisms, vascular
plants, birds, small mammals, amphibians, spiders, carabid
beetles, butterflies, wild bees, and grasshoppers. These
groups have been described in the literature as being
suitable surrogate indicators for species diversity in farm-
land (Schloter et al. 2003; Jeanneret et al. 2006).
Abundance was included since different farming practices
do not necessarily result in different species numbers
within a species group, but may lead to considerable
differences in species abundances (Bengtsson et al. 2005).

2.1.3. Selection of model parameters

A list of land use parameters with impacts on biodiversity,
subdivided into on-farm land uses (branches), was based
on scientific literature, expert knowledge, and the results
of national environmental evaluation programmes. These
parameters include different parts of the farm and were
classified according to the main cropping categories, such
as arable land, vegetable growing, orchards, wine-grow-
ing, grassland, animal husbandry, and non-crop habitats
(e.g. semi-natural). The parameters were formulated in
such a way that only positive impacts needed to be con-
sidered. The full model consists of 91 parameters, which
are classified and specified in Table Al of the Appendix
and were selected on the basis of the following criteria:

(1) Impact on biodiversity: All the selected parameters
need to have an impact on species diversity as
reported in either scientific literature or public policy
evaluations (e.g. agri-environmental schemes in
Austria).

(2) Data availability and verifiability: Farm-level data
for the parameters need to be obtained from reli-
able sources. For example, most of the data in this
study come from public databases that are used for
the calculation of direct payment levels (Integrated
Administration and Control System (IACS)). Data
from interviews with farmers were verified and
supplemented with field surveys and other data
sources (see Section 2.2.2 for details).

2.1.4. Weighting of model parameters

Parameters were weighted according to their effectiveness
in increasing the species number and abundance within the
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selected ISGs. The parameter weights (PWs) are defined
as the sum of the effectiveness values (£) for each para-
meter in promoting each of the 11 ISGs, multiplied by the
relative importance of the ISG (IW) (Equation (1)). By
structuring the parameters and ISGs as a matrix, the
impacts of each parameter on each ISG (£;) were calcu-
lated. These could be expressed as the effectiveness of a
parameter in promoting species diversity of the ISGs.

PW, = Zj(E,-j x IW,) Vi )

PW = Parameter weight

E = Effectiveness of a parameter in increasing
species number and abundance in ISG

IW = Relative importance of ISG

i = Index of parameters

J = Index of ISG

The importance of the ISGs (IW)) and the effectiveness of
parameters in improving species richness (£;) were
weighted by means of expert ratings by 23 indicator
group-specific biologists, ecologists, and agronomists
from Austria, Switzerland, and Germany. The experts
were selected based on their expertise on a certain indica-
tor species group and impacts on that group of farming
practices in Austria and were provided with detailed infor-
mation about the parameters. According to an expert
assessment procedure, defined in Schader and Stolze
(2011) and based on the Nominal Group Technique
(NGT) (Delbecq et al. 1975), experts were also asked to
specify the level of uncertainty of their evaluation. Based
on the assumption that the group of experts had full
knowledge of the current state of research, the uncertainty
levels were used for weighting the expert assessments in

Table 1. Rating scales for species numbers (SN;) and abun-
dance (AB;) for evaluations by experts.

SNj;: Change in ABj;: Change in abundance

Rating number of species of individual species
0 0% 0%
1 +0-33% + 0-10%
2 + 33-67% + 10-30%
3 + 67-100% + 30%

Table 2. Rating scale for effectiveness scores (E;;) for evalua-
tion by experts.

Rating E;;: effect of the parameter on the ISG

6 Very strong positive effect
6 Strong positive effect
-3 Medium positive effect
2 Minor positive effect
1 Very minor positive effect
No effect

cases where the experts assessed the importance (IW;) and
effectiveness (£;) variables differently.

The 11 ISGs were weighted according to their relative
importance in the food web (Equation (2)), whereas only
direct feeding relationships between the ISGs were taken
into account.

> FSim

! Zm Fslm

@

FS;,, = Food share
i = Index of consumed ISGs
m Index of consuming ISGs

The experts evaluated the relative food share of each
indicator species group (FS)) as a source of food for the
other ISGs (FS,,). To calculate IW,, the food shares of
each ISG,, consuming ISG; were summed and divided by
the total share of consumption in the food web. Finally,
the relative importance of the ISGs was normalised to
totals of 100% if expected values from Monte Carlo
simulations (Rubinstein 2009) deviated from 100% (see
Section 3.5).

E;; is defined as the product of the parameter’s ability
to enhance the number of species (SN;;) and the average
abundance of individual species (AB;;) (Equation (3)).

SN;; expresses relative change in the proportion of species
in an ISG that is sufficiently abundant to allow them to
survive. AB;; expresses the expected average increase in
population density compared to the minimum population
required for survival. Both variables were classified on a
discrete scale from 0 to 3, which is shown in Table 1,
while the resulting values for £;; can be interpreted accord-
ing to Table 2. Negative values for SN and AB did not
occur as we only included parameters which have a posi-
tive impact on species diversity.

For instance, if an expert evaluated the effect of a
parameter on species diversity with 2 (equivalent with a
33-67% increase in the number of species) and the
abundance of individual species with 1 (equivalent to
a 0-10% increase in the average abundance of indivi-
dual species), the score for E; becomes 2, which means
this parameter is described, according to Table 2, as
having a ‘minor positive effect’ on the species diversity
in an ISG.

2.1.5. Aggregation to farm level

The performance (P) of a specific farm for each parameter
was multiplied by its weight (PW) to calculate the farm-
specific biodiversity score (S), which expresses the poten-
tial for farmland species diversity. Different farm branches
(FBW) were weighted according to their areal proportion
of the total agricultural land of the farm (Equation (4)).
Farm branches considered are permanent grassland, arable
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crops, vegetable growing areas, fruit growing areas, vine-
yards, and semi-natural habitats. The weighting of farm
branches allows for a fair comparison between structurally
different farms. P was determined on the basis of the data
sources A—F (see Section 2.2.2) and could be assigned
values of 0%, 25%, 50%, 75%, or 100%.

S=) (FBW;Y PW;xP) 4)
S = Farm-specific biodiversity score
FBW = Farm branch weight
P = Performance of each farm with respect to a
model parameter
PW = Effectiveness of parameter for biodiversity
i = Index of parameters
/ = Index of farm branches

In a second step, the score was normalised with a
benchmark score, which was the score the farm would
have achieved if all of the parameters relevant for the
specific farm had been implemented to 100%. Hence,
each farm received a biodiversity score ranging from
0% to 100%.

2.1.6. Aggregation to product level

To apply the model to dairy products, data from all
farms that delivered raw milk to a regional milk dis-
tributor were included in the model. According to the
principle of mass allocation (derived from the raw milk
quota of farms), the contribution of each farm to the
final product was weighted (FW). This weight was
multiplied with the farm-specific biodiversity score to
derive the product-specific biodiversity score (PS)
(Equation (5)).

PS = stk x FW; (5)

PS = Product-specific biodiversity score

Table 3. Selected farms in different regions investigated.

S = Farm-specific biodiversity score

FW = Farm weight, based on quantity of product
delivered

k = Index of farms

2.2. Application of the approach to Austrian dairy
production

We applied the approach to Austrian premium organic and
conventional dairy production in the following seven
regions in Austria: Kitzbithel (KB), Murau (MU),
Walchsee (WS), Miihlviertel (MV), Otscherland (OL),
Steirisches Bergland (SB), and Waldviertel (WV). In addi-
tion to the official European regulation for organic agri-
culture, this premium organic milk has to fulfil private
label regulations: soya bean feeding and the use of highly
soluble organic fertilisers (e.g. horn meal) are forbidden,
and producers must meet additional standards for animal
welfare (Zuriick zum Ursprung 2013).

For aggregation at the product level, all of the farms
that delivered raw milk to a regional dairy were included
in the analysis. According to the principle of mass alloca-
tion, farms were weighted according to the quantity of raw
milk that each farm produced. The production practices of
organic milk were compared with the average production
practices of conventional milk in the seven different
regions. The variable describing the production volume
of conventional milk was defined as the average milk
production from each of the same seven regions, which
was aggregated as explained in Section 2.1.6, using the
foreground data presented in Section 2.2.2.

2.2.1. Selection and identification of farms

For each organic farm, detailed information on land use, milk
production, and participation in agri-environmental pro-
grammes was available from the administrators of the
organic brand. This data was supplemented with more spe-
cific data on farming practices that was collected using inter-
views with a random sample of 152 organic farms that are
representative of the farms in each region (Table 3 and
Section 2.2.2). The sample was stratified according to the

Total farms (with IACS data)

Interviewed organic farms

Conventional Organic
Regions (CON) (ORG) Number Share (%) Total
Walchsee (WS) 31 58 11 19 89
Kitzbiihel (KB) 856 305 15 5 1161
Murau (MU) 1109 203 9 4 1312
Steirisches Bergland (SB) 1603 235 40 17 1838
Miihlviertel (MV) 2593 292 46 16 2885
Otscherland (OL) 856 110 18 16 966
Waldviertel (WV) 616 58 13 22 674
Total 7664 1261 152 12 8925
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elevation of the farm. The conventional farms that were
considered for each region were non-organic farms that
possess a milk quota. A total of 8925 farms were analysed,
including 1261 organic (575 hay-feeding and 686 silage-
feeding farms) and 7664 conventional farms (1338 hay-feed-
ing and 6326 silage-feeding farms). The number of organic
and conventional farms per region that were included in the
analysis is shown in Table 3.

2.2.2. Foreground data of the farms

Seven different sources for foreground data from organic
and conventional farms were used to provide sufficient
data for a representative assessment.

(1) Data from the Austrian Integrated Administration
and Control System (IACS): For most parameters,
input data were taken from IACS. The IACS data-
base contains detailed, precise, and annually updated
information at farm level for all farms in Austria that
apply for subsidies. Data include information on
parameters of farm size; farmland under different
land uses, including which crops are planted; num-
bers of livestock; and special management practices
that are subsidised by the Austrian agri-environmen-
tal programme (OPUL), which is a part of the
Austrian Programme for Rural Development 2007—
2013 (Lebensministerium, 2010). These agri-envir-
onmental measures make up a considerable propor-
tion of the parameters used in the biodiversity
potential assessment model (see Section 2.1). IACS
data for conventional farms were taken from
Hortenhuber et al. (2010) and from the results of
analysis of aggregated IACS data.

If relevant foreground data were not found within the
IACS data sets, the following sources were utilised:

(2) Farmer interviews: Complementary data on pro-
duction practices (e.g. mowing frequencies and
techniques) and semi-natural habitats for the strati-
fied random sample of 152 organic farms were
collected via 35 face-to-face interviews and 117
telephone interviews with farmers. Data for con-
ventional farms was based on the expert interviews
(4), as experts were able to specify parameters for
conventional farms but not for organic farms.

(3) Field surveys: Habitat elements (semi-natural
habitats, woodlands, extensive grasslands, etc.)
were recorded on 35 sample farms, according to
a methodology described in Jenny et al. (2010).

(4) Expert interviews: Interviews with five experts
(agronomists) from universities, public research
stations, and public agricultural offices yielded
information on common agricultural practices in
the studied regions (e.g. mowing dates, frequen-
cies, and techniques).

(5) Aerial photographs were used to estimate the area
of semi-natural habitats on the farmland in the
different regions.

(6) Farm nutrient flow models were formulated to
quantify levels of nitrogen (N)-import into the stu-
died dairy production systems due to purchased
concentrates, with nutrient flow models using
TIACS data based on Hortenhuber et al. (2010).
The model determined the amounts of nitrogen
required for the crops grown on-farm, which were
differentiated by the regionally varying conven-
tional and organic yields and feed qualities
(expressed as crude protein with data collected
from interviews and literature). Based on data for
annual milk yields per cow and the amount of
energy and protein that is provided with feed
grown on-farm, the missing amount of nitrogen
(and energy) was determined. This missing amount
of nitrogen is needed from either purchased con-
centrates or from synthetic N-fertilisers. Synthetic
N-fertilisers were not required for either organic or
conventional grassland dairy farms due to the large
amounts of concentrate feed that were purchased.

Table Al (Appendix) shows which of the different data
sources were used for which parameter. If available data
and expert assessments did not justify the assumption that
organic and conventional farms are different with respect
to data from sources B—E, data values for organic and
conventional farms were set as equal. For example, scien-
tific literature and expert interviews yielded no evidence
that organic and conventional farms differ with respect to
the area of some kinds of semi-natural habitats, so region-
specific values for these parameters were calculated from
data sources B, C, and E, and this variable was set as equal
for organic and conventional farms.

2.3. Sensitivity analysis

Sensitivity analysis was applied to the parameters and
weights of the model, which were considered to be uncer-
tain according to our data sources. In particular, this
refers to

e Monte Carlo simulations on the effects of para-
meters on ISGs: Experts had partly differing opi-
nions about the effects of parameters on ISGs, so a
model consisting of 1981 input variables was cre-
ated to simulate the impacts of different scores. The
software @RISK 6.0 (Palisade Corporation) was
used for the simulations, which used Latin
Hypercube sampling with 1500 iterations.

o Different weights for aggregating the farms: As part
of the sensitivity analysis, instead of weighting the
farms according to their milk quota, other character-
istics were used, such as the number of dairy cows
and farm area.
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Food relationships between indicator species groups and total weights of indicator species groups for agro-ecosystems in Austria.

Table 4.

Source of food (%)

Soil
microorganisms

Wild bees  Grasshoppers

Butterflies

Spiders  Carabid beetles

Amphibians

Small mammals

Birds

Flora

Soil fauna

Consumer

0.0
6.3

0.0
6.3

0.0
6.3

2.2
12.5

43
12.5

0.0
6.3

0.0
6.3

0.0
6.3

6.8

71.1

15.5
1

Soil fauna

18.8

0.0
100.0

8.8
0.0
3.8

25.2

Soil microorganisms

Flora
Birds

0.0
12.3

0.0
9.8

0.0
9.8
2.4

10.5

0.0
9.8
4.6

0.0
12.3

0.0
5.5
1.1
10.5

0.0
12.0

0.0
9.5

0.0
14.1

0.0
0.0
0.0
0.0
34
0.0
0.0
0.8
17.3
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3.7
9.0

7.5

32
7.1

33
23.9

23

3.5
0.0
0.0
0.8

49.6

Small mammals
Ampbhibians
Spiders

19.3

0.5

0.0
0.0
26.8

18.5

6.6
0.8

4.2

7.4
2.0
0.0
0.0
0.4
5.7

3.9

8.5

0.0
0.8

0.0
0.8

73.3

1.4
0.0
0.0
10.6

1.4
0.0
0.0

51.0

Carabid beetles
Butterflies

0.0
0.0
0.0
33

0.0
0.0

0.0
0.0
0.0
24

0.0
0.0
0.0
2.2

0.0
0.0
0.0
2.0

99.0
100.0

1.0
0.0
0.8

Wild bees

1.5
8.5

0.8

85.3

Grasshoppers

5.0

6.9

29.6

20.4

Total relative weight

3. Results
3.1. Weights for ISGs

The expected values based on the expert assessments, and
the resulting total weights per ISG, are shown in Table 4.
For example, the seventh column shows the importance of
spiders for the other ISGs. While spiders have no rele-
vance as a source of food for flora, they contribute about
12.3% of the food for birds and 23.9% of the food for
amphibians. Meanwhile, the seventh row shows the
importance of other ISGs as sources of food for spiders,
with experts estimating the contribution of soil fauna to be
73.3% of the food for spiders.

In the bottom row the scores are summed to the total
weight of each ISG, which show that flora was evaluated
as the most important species group: providing 29.6% of
the feed sources for the other species groups. Soil fauna
was seen as being most important, especially for spiders
and carabid beetles, and received an overall weight of
20.4%. Soil microorganisms (total relative weight of
17.3%) are crucially important for flora (100%) and soil
fauna (71.1%). The other indicator species received
weights between 2.0% and 8.5%. Soil and epigeal fauna
ISGs (soil fauna, spiders, and carabid beetles) were allo-
cated a total relative weight of 33%.

3.2. Parameter weights

The weights allocated to ISGs were used to aggregate
parameter effectiveness scores to a total PW for species
diversity according to Equation (1). Values ranged
from >0 to 4.4. Eight parameters were evaluated as having
a strong effect on biodiversity (£ > 3): ‘diversity of semi-
natural areas’, ‘ban of hydroponics’, ‘management of
alpine meadows’, ‘no chemical steam sterilisation’, ‘con-
servation and management of ecologically valuable areas’,
‘conservation of meadow orchards’, ‘extensive pasture or
wood pasture’, and ‘extensive grasslands only for bedding
material’.

However, ‘ban of hydroponics’ and ‘no chemical
steam sterilisation’ only had a strong effect on biodiversity
on vegetable growing farms, which were only 12 of the
organic and 25 of the conventional farms (i.e. 1.0% of
organic and 0.3% of conventional farms).

Fourteen parameters received values <0.4 and thus
were evaluated as having only a very minor effect. These
were ‘cultivation of spring grains’, ‘number of different
vegetable cultures’, ‘integrated production of vegetables’,
‘vineyards not irrigated’, ‘cultivation of rare vegetable
varieties’, ‘use of bar mower on intensive meadows
(instead of rotary mowers)’, ‘ban of mechanical choppers
after mowing in intensive grassland’, ‘vegetable growing
area without fleece’, ‘integrated production in green-
houses’, ‘small-scale improvement/upgrading with nesting
aids and small artificial structures’, and ‘ban of hybrid
seeds’. None of the parameters was evaluated as having
a negative effect. Detailed evaluations of the parameters
are shown in Table A2 (Appendix).
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Figure 2. Biodiversity potential at the farm level for organic and conventional farms in the seven study regions. Boxes show 25%-
percentile, median and 75%-percentile; whiskers show 10%/90%-percentiles, dots show 5%/95%-percentiles. Mann—Whitney U-test for
differences between organic and conventional farms of each region (*p < 0.05, ***p < 0.001). For abbreviations see Table 5.
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Figure 3. Biodiversity potential of organic and conventional
milk from different regions, depending on the type of aggrega-
tion. For abbreviations see Table 5.
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Figure 4. Relative differences between biodiversity potential of
conventional and organic milk from different regions. For abbre-
viations see Table 5.

from MU, which scored about 2.5% better when area
aggregation was used.

The relative differences between the normalised product
scores of organic and conventional milk (conventional milk
in each region was set at 100%) were higher than 5% in all
regions except in KB. In WS and SB, the differences in
scores were between 10% and 15%, in MU and MV the
differences were between 20% and 30%, and in OL and
WYV the differences were between 60% and 80% (Figure 4).

Due to the different reference scale, differences between
aggregation procedures are more substantial and even
accounted for more than 10% in one region (MU). In almost
all regions, the highest differences were calculated if pro-
duct aggregation was done according to the milk quota. The
lowest differences between organic and conventional pro-
ducts resulted from aggregation according to area.

3.5. Uncertainty analysis

Apart from the aggregation procedure, uncertainty resulted
from the expert assessments that were done to determine
the impact of parameters on ISG and the feeding relation-
ships. In Figure 5, the uncertainty levels resulting from
these expert assessments are shown for organic and con-
ventional milk. The distribution of product scores, which
were aggregated according to milk quota, is also shown in
Figure 5. A larger overlap of the curves indicates higher
uncertainty in the difference between conventional and
organic milk. The scores for all the conventional and
organic milk farms show almost normal distribution
curves. Each graph is split into three parts: the area
between the two vertical dotted lines shows the range,
with a likelihood of 90%, of the biodiversity potential
scores for the conventional milk. The area beyond the
left vertical dotted line shows the lowest 5% of biodiver-
sity potentials in the Monte Carlo simulations. The area
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beyond the right vertical dotted line shows the highest 5%
of biodiversity potentials in the Monte Carlo simulations.
There are two rows of percentages shown above the dis-
tributions: the first row shows the percentages related to
conventional milk, while the second row shows the per-
centages for organic milk. The values on top of the dotted
lines show the biodiversity potentials at the point where
these separating lines are located. Thus, for instance in
WS, the likelihood that organic milk has a better biodi-
versity potential than the expected value of conventional
milk is 99.7%. The likelihood of organic milk having a
better biodiversity potential than even the 95% range of
the conventional product is 63.6% (Table 6).

The average difference between the conventional and
organic milk, according to Monte Carlo simulation, is highest
in WV (+79%) and OL (+76%). Medium differences were
calculated for MV (+32%) and MU (+28), while minor dif-
ferences were calculated for SB (+18%), WS (+14%), and KB
(+4%). According to the model results, the likelihood that
organic milk will perform better than conventional milk from
the same region is 99.7-100% in all regions except for KB,
where this likelihood is about 78%. The likelihood that
organic milk will have a biodiversity potential even higher
than 95% of the range of conventional milk is between 26.1%
(KB) and 100% (MV, WV, and OL) (Table 6).

4. Discussion
4.1. Applicability of the approach

The approach developed for this study can be used at two
main levels: farm level and product level. Farm-level assess-
ments can be used for monitoring the biodiversity potential
and for comparing different farms or the same farm in dif-
ferent years. This allows for observation of differences and
development in biodiversity conservation and promotion
activities. The approach enables one to understand the

Table 6.
seven study regions in Austria.

implications of changes that farm management has on biodi-
versity. Hence, farm-specific list of measures for enhancing
the biodiversity potential effectively can be generated. Also,
comparison of management and biodiversity potential
between single farms becomes possible. A typical applica-
tion of farm-level results could be the allocation of direct
payments (e.g. from agri-environmental programmes) to
farms, based on the assessment results. However, the
approach could also be used for capacity building of farmers
with respect to optimising their biodiversity potential.

In addition to the farm-level assessments, the approach
also includes a procedure for aggregating the biodiversity
performance of several farms to product level. Although this
impact assessment approach is not ISO14040 compliant, it
allows for communication of the biodiversity potential of
domestic products, such as milk and vegetables, in a compara-
tive way. This can help processors and retailers in selecting
suppliers or can help in conducting targeted capacity building
for farmers. And aggregation to product level, regional, or
sector-level assessments, such as for policy monitoring and
evaluation, could also be generated with a similar procedure.

An enabling factor for these multiple applications is the
flexibility of the approach with respect to data availability.
If data is available, each of the 91 parameters can be
specified separately to provide a comprehensive overview
of a single farm. However, if a large number of farms are to
be assessed, a set of selected parameters can be specified
per farm, while others can be analysed for sample farms
only. However, if data for the latter does not show signifi-
cant differences, values for two compared products should
be kept constant so as not to overestimate differences.

4.2. Relevance of the results

A main advantage of this approach is the ability to com-
pare the biodiversity potential of farms using a

Key results of the Monte Carlo simulations of product-level biodiversity potential of conventional and organic milk from the

Biodiversity Relative p(ORG > CON)" p(ORG > CON95%)*

Region System potential (%) difference (%) (%) (%)

KB Con 28.0 104 78 26
Org 29.3

MU Con 24.9 128 100 94
Org 31.8

WS Con 29.3 114 100 64
Org 33.4

MV Con 27.3 132 100 100
Org 36.0

OL Con 16.2 176 100 100
Org 28.4

SB Con 26.1 118 100 86
Org 30.7

wv Con 19.7 179 100 100
Org 35.2

Notes: For abbreviations, see Table 5.

*Likelihood of a better biodiversity potential of organic products than mean conventional.
$Likelihood of a better biodiversity potential of organic products than 95% conventional.
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standardised and transparent procedure that is adaptable to
other countries and regions. The approach gains a com-
prehensive view by taking relevant indicators that influ-
ence biodiversity in terms of species diversity into
account. In this study, 11 key species groups were taken
as indicators for the entire range of wildlife species in
agricultural and semi-natural habitats in Austria.

If most production steps of the life cycle of agricultural
goods are performed on single farms, as is the case for
milk in Austria, the farm-level approach can produce
plausible results for the biodiversity potential at product
level. However, there was a bias in this study due to off-
farm-produced fodder components, such as concentrates,
because the impact of these purchased fodder components
on biodiversity was not included in our analysis. This bias
increases with increasing proportions of off-farm-produced
inputs, which are usually greater on conventional farms.

The assumptions underlying this model are mainly
concerned with parameter selection and parameter weight-
ing. It is unlikely that fundamental biases occurred
because experts reviewed the parameter weighting, and
cases where experts were uncertain about a rating, or had
differing views, were taken into account with the uncer-
tainty analysis. The stochastic model built for analysing
biodiversity with Monte Carlo simulations proved to be a
powerful tool to illustrate how different assumptions affect
statements at farm and product levels.

A main improvement of the approach used in this
study over detailed field- or farm-specific assessments is
its representativeness, as the assessments were made for all
organic farms delivering milk, which were then compared
to all non-organic farms delivering milk. However, not all
data were available for each and every farm, so a sample
of regional farms was analysed to provide supplementary
data. Where there was no justification from our sampled
data or from the literature for the assumption that organic
and conventional farms would differ, values for both the
farming systems were assumed to be identical.

Our results are in line with a large number of biodi-
versity assessments of organic and conventional practices.
Existing meta-studies show substantial benefits of organic
practices (Bengtsson et al. 2005; Fuller et al. 2005; Hole
et al. 2005). While the meta-studies were built on mea-
surements of biodiversity at single field or farm level,
representative studies from other countries in the alpine
region show even larger differences between organic and
conventional dairy farms at larger scale (Schader et al.
2013). Schader et al. (2013) showed, by linking a crop
and farm-level biodiversity model (Jeanneret et al. 2008)
to an economic sector model, that especially structural
differences, such as the different uptake rates of agri-
environmental measure between organic and conventional
farms, are a substantial driver for differences in biodiver-
sity potential between the two farming systems.

However, the assumptions behind the product-level
results need to be discussed in detail. The approach does
not aim to calculate the impacts on biodiversity along the
life cycle of a product-related functional unit in compliance

with ISO 14040. Instead, it analyses the level of species
diversity with reference to a species-rich agricultural land-
scape on an average farm delivering a certain product.

Therefore, longer supply chains, and especially those
with parts of the products coming from other agri-ecologi-
cal zones, would be more difficult to compare. Additional
expert assessments and indicators would be necessary for
covering such regions. For example, the impact on biodi-
versity of the production of imported concentrates that are
used in conventional dairy production was not considered,
although their increasing use is related to deforestation of
rainforests in other regions of the world. Inclusion of such
concentrates in an analysis would even increase the relative
difference between organic and conventional products
because the rules of organic farming do not allow the use
of such concentrates. The results presented in this study are
therefore rather conservative estimates of the differences
between the two farming systems.

Biodiversity potential at product level was assessed on
the basis of all operations on the farm. For example, a
farm-level assessment of a farm that produces both vege-
tables and milk will include the biodiversity potential
resulting from vegetable production as part of the pro-
duct-level aggregation for milk. While this is unusual
compared to other product-related approaches, we argue
that all farm branches are interrelated, and on-farm biodi-
versity is also influenced by operations that are not
directly linked to dairy production. This explicitly includes
the management of semi-natural habitats. Furthermore, our
approach focuses on impacts within the production sys-
tem, i.e. the farm, including soil, while ISO14040-compli-
ant approaches explicitly do not include these impacts.

As there is currently no approach that delivers biodi-
versity impact assessments that are compliant with
ISO14040 (Tuomisto et al. 2012), most biodiversity
assessments at a larger scale are based on indicator sets
(EEA 2005; Paracchini et al. 2008). Therefore, our method
is a step towards a more comprehensive and detailed
assessment of biodiversity potential.

4.3. Need for further research

Although many of the indicators used in this study have been
tested in other projects, further research is needed to validate
the approach in practice. Since a validation for biodiversity
over all ISGs is not practicable, testing should include
whether the species number and abundance of selected spe-
cies of the ISGs indeed correlate with the aggregated expert-
based ratings. Subsequently, optimisation approaches, such
as a cross-entropy procedure (Golan et al. 1996), could help
to calibrate the model according to these measurements.

5. Conclusions

The approach developed for this study is able to evaluate
farming practices, with respect to species number and abun-
dance of 11ISGs, which allows to derive conclusions on the
potential of farm species diversity. Aggregation to total
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PWs of farming practices was done on the basis of feeding
relationships between the ISGs in Austrian agricultural
ecosystems. Despite the given uncertainties with respect to
the weighting of parameters and ISGs, the approach enables
the calculation of aggregated species diversity scores and
differentiation between farms and farming systems.

The organic dairy production systems assessed at farm
and product levels showed significantly higher biodiversity
potentials than did the conventional systems. Based on a
large, representative farm sample, the study also showed
that organic dairy systems have a higher biodiversity poten-
tial than conventional products with biodiversity scores
from organic farms at product level ranging from 4% to
79% above the biodiversity scores of conventional farms.
Particularly large differences between conventional and
organic dairy products were found in WV and OL, while
differences in KB were particularly low. KB was also the
only region where farm-level biodiversity potential was not
highly significantly different from conventional farms.

We demonstrated that this method is an applicable and
complementary approach to life cycle assessments for making
statements about the biodiversity potential at farm and product
levels in cases where products are predominantly produced at
specific farms. In these cases, the biodiversity potential can
serve as a proxy for biodiversity impacts of products.

Acknowledgements

The authors are grateful for the support of this study by the
interviewed experts (Theo Blick, Wolfgang Biichs, Andreas
Fliessbach, Giinter Gollmann, Patrick Gros, Werner Haberl, Ilse
Hoffmann, Erwin Meyer, Norbert Milasovszky, Manfred Pendl,
Martin Pollheimer, Guido Reiter, Leo Sachslehner, Norbert
Sauberer, Heimo Schedl, Ulrich Schneppat, Angela Sessitsch,
Norbert Teufelbauer, Barbara Thurner, Thomas Wrbka, Johann
G. Zaller, Peter Zulka, and Thomas Zuna-Kratky), and farmers,
and to Robert Home for editing the manuscript. Furthermore, we
thank Zuriick zum Ursprung as well as the Hofer KG for finan-
cial and logistical support of this study.

References

Bengtsson J, Ahnstrom J, Weibull AC. 2005. The effects of
organic agriculture on biodiversity and abundance: a meta-
analysis. J Appl Ecol. 42:261-269.

Boutin C, Baril A, Martin PA. 2008. Plant diversity in crop fields
and woody hedgerows of organic and conventional farms in
contrasting  landscapes.  Agric  Ecosyst  Environ.
123:185-193.

De Schryver AM, Goedkoop MJ, Leuven RS, Huijbregts MA.
2010. Uncertainties in the application of the species area
relationship for characterisation factors of land occupation in
life cycle assessment. Int J Life Cycle Assess. 15:682—691.

Delbecq AL, Van de Ven AH, Gustafson DH. 1975. Group tech-
niques for program planning: a guide to nominal group and
Delphi processes. Glenview (IL): Longman Higher Education.

EEA. 2005. Agriculture and environment in EU-15 — the IRENA
indicator report, EEA Report No 6/2005. Copenhagen : EEA.

Fuller RJ, Norton LR, Feber RE, Johnson PJ, Chamberlain DE,
Joys AC, Mathews F, Stuart RC, Townsend MC, Manley

W1, et al. 2005. Benefits of organic farming to biodiversity
vary among taxa. Biol Lett. 1:431-434.

Gibson RH, Pearce S, Morris RJ, Symondson WOC, Memmott J.
2007. Plant diversity and land use under organic and con-
ventional agriculture: a whole-farm approach. J Appl Ecol.
44:792-803.

Golan A, Judge G, Miller D. 1996. Maximum entropy econo-
metrics. Robust estimation with limited data Chichester. New
York (NY): Wiley.

Hole DG, Perkins AJ, Wilson JD, Alexander IH, Grice PV, Evans
AD. 2005. Does organic farming benefit biodiversity? Biol
Conserv. 122:113-130.

Hortenhuber S, Lindenthal T, Amon B, Markut T, Kirner L, Zollitsch
W. 2010. Greenhouse gas emissions from selected Austrian
dairy production systems — model calculations considering the
effects of land use change. Renew Agric Food Syst. 25: 1-14.

International Organization for Standardization. 2006a. Environmental
management — life cycle assessment — principles and framework.
Geneva: International Organization for Standardization.

International Organization for Standardization. 2006b. Environmental
management — life cycle assessment — requirements and guide-
lines. Geneva: International Organization for Standardization.

Jeanneret P, Baumgartner D, Freiermuth R, Gaillard G. 2006.
Meéthode d’évaluation de I'impact des activités sur la
biodiversité. Ziirich: Agroscope Reckenholz Ténikon (ART).

Jeanneret P, Baumgartner D, Freiermuth-Knuchel R, Gaillard G.
2008. A new LCIA method for assessing impacts of agricul-
tural activities on biodiversity (SALCA-biodiversity). In:
Nemecek T, Gaillard G, edtiors. Proceedings of the 6th
International Conference on Life Cycle Assessment in the
Agri-Food Sector Towards a Sustainable Management of the
Food-Chain; 2008 Nov 12-14. Zirich: Agroscope
Reckenholz Tanikon (ART).

Jenny M, Fischer J, Pfiffner L, Birrer S, Graf R. 2010. Leitfaden
fir die Anwendung des Punktesystems. Frick (Sempach):
Forschungsinstitut fiir biologischen Landbau (FiBL),
Schweizerische Vogelwarte.

Jenny M, Zellweger-Fischer J, Balmer O, Birrer S, Pfiffner L. 2013.
The credit point system: an innovative approach to enhance
biodiversity on farmland. Aspects Appl Biol. 118:23-30.

Lebensministerium. 2010. Evaluierungsbericht 2010. Wien:
Halbzeitbewertung des Osterreichischen Programms fiir die
Entwicklung des ldndlichen Raums.

MA. 2005. Ecosystems and human well-being: biodiversity
synthesis. Washington (DC): Millenium Ecosystem
Assessment (MEA), World Resources Institute.

Mila i Canals L, Romanya J, Cowell S. 2007. Method for asses-
sing impacts on life support functions (LSF) related to the
use of ‘fertile land’ in Life Cycle Assessment (LCA). J Clean
Prod. 15:1426-1440.

OECD. 2001. Agriculture and biodiversity — developing indica-
tors for policy analysis. Paris: Organisation for Economic
Co-operation and Development (OECD).

Paracchini ML, Petersen J-E, Hoogeveen Y, Bamps C, Burfield I,
van Swaay C. 2008. High nature value farmland in Europe.
An estimate of the distribution patterns on the basis of land
cover and biodiversity data. Luxemburg: Office for Official
Publications of the European Communities.

Rockstrom J, Steffen W, Noone K, Persson A, Chapin FS III,
Lambin E, Lenton TM, Scheffer M, Folke C, Schellnhuber
H, et al. 2009. Planetary boundaries: exploring the safe
operating space for humanity. Ecol Soc. [Internet]. [cited
2011 Oct 24]; 14. Available from: http://www.ecologyandso-
ciety.org/voll4/iss2/art32/

Rubinstein RY. 2009. Simulation and the Monte Carlo method.
Hoboken (NJ): Wiley-Interscience.

Schader C. 2009. Cost-effectiveness of organic farming for
achieving environmental policy targets in Switzerland


http://www.ecologyandsociety.org/vol14/iss2/art32
http://www.ecologyandsociety.org/vol14/iss2/art32

Downloaded by [212.249.198.9] at 23:37 26 January 2014

14 C. Schader et al.

[PhD thesis]. Aberystwyth University, Aberystwyth,
Wales. Frick (Switzerland): Research Institute of Organic
Farming (FiBL).

Schader C, Lampkin N, Christie M, Nemecek T, Gaillard G,
Stolze M. 2013. Evaluation of cost-effectiveness of
organic farming support as an agri-environmental measure
at Swiss agricultural sector level. Land Use Policy.
31:196-208.

Schader C, Stolze M. 2011. Bewertung der Nachhaltigkeit der
biologischen Landwirtschaft in der Schweiz durch Experten.
In: Leithold G, Becker K, Brock C, Fischinger S, Spiegel A-
K, Spory K, Wilbois K-P, Williges U, edtiors. Proceedings of
the 11 Wissenschaftstagung Okologischer Landbau; 2011
Mar 15-18; Giefen.

Schader C, Stolze M, Gattinger A. 2012. Environmental perfor-
mance of organic agriculture. In: Boye JI, Arcand Y, editors.
Green technologies in food production and processing. New
York (NY): Springer; p. 183-206.

Schloter M, Dilly O, Munch J. 2003. Indicators for evaluating
soil quality. Agric Ecosyst Environ. 98:255-262.

ten Brink P, Berghdfer A, Sréter-Schlaack C, Sukhdev P, Vakrou
A, White S, Wittmer H. 2009. TEEB - the economics of
ecosystems and biodiversity for national and international
policy makers. Geneva: United Nations Environment
Programme (UNEP).

Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C.
2005. Landscape perspectives on agricultural intensification
and biodiversity—ecosystem service management. Ecol Lett.
8:857-874.

Tuomisto H, Hodge I, Riordan P, Macdonald D. 2012. Does
organic farming reduce environmental impacts? A meta-
analysis of FEuropean research. J Environ Manage.
112:309-320.

von Haaren C, Kempa D, Vogel K, Riiter S. 2012. Assessing
biodiversity on the farm scale as basis for ecosystem service
payments. J Environ Manage. 113:40-50.

Zuriick zum Ursprung. 2013. Acht Grundwerte. Zuriick zum
Ursprung (ZZU) [Internet]. [cited 2013 Nov 13].
Available from: http://www.wernerlampert.com/pruef-nach/
acht-grundwerte/


http://www.wernerlampert.com/pruef-nach/acht-grundwerte/
http://www.wernerlampert.com/pruef-nach/acht-grundwerte/

15

International Journal of Biodiversity Science, Ecosystem Services & Management

(ponuuo))

(0102) "Te 0 Kuudr
1o1owered umQ

Iojowered umQ

(0102) "Te 30 Auusf
1NdQ
1NdOQ
1NdQ
1NdOQ
1NdQ

1NdO
10dO
10dO
10dO
1NdO

(0102) 'Te 30 Auusf

(0107) 'Te 10 Auudp
J9owered umQ

Jojowered umQ
J9owered umQ
(0107) "Te 30 Auuog
(0107) 'Te 3 Auuaf
193owered umQ

(010€ Te 32 Auudp
19jowered umQ
1NdQ

1NdQ

1NdQ

1NdQ

1NdOQ

1NdOQ

101owered umQ
1jowered umQ
(0107) 'Te 30 Auud(
(0102) Te 30 Auudp
(0107) "Te 30 Auud(

1NdQ
19jowered umQ

mmMmmo

O
Y SNafal..Nalalalala)

a

m

m
m o

<< g << <</

<< << << <o

<< <<

pue[ d[qele ey 1od sjuowdd Jo IqUINN #
puE[ 9[qeIe [e10} JO o

#

BOIE S[BA190 [€)0) JO 9,

ON/SoA

BOIE JZIBW [BJ0) JO o

pue[ 9[qeIe [e10} JO %

pue[ 9[qeIe [e10} JO %,

pue[ 9[qeIe [e10} JO %,

ON/S°A
ON/SOX
ON/SOX
ON/SOX
ON/SOX

SMOPEIW JAISUSIUT JO
SMOPEOW QAISUSIXD JO 9,

pue[sseid pazel3 I0 pamowl Jo 9,
pue[sseI3 pozei3 10 pamouw Jo %,
pue[sseid pazeid J0 pamow Jo 9,
samsed Jo 9

SMOPEOW JAISUII JO %

SMOPEOW JAISUIXD JO 9,

pue[ d[qete ey Jod S)USWD[D JO JOqUINN #
pue[sseid pozei3d 10 pamouw Jo 9,

SJIUN J0JSAAI]

pue[ eImnouge [e30) JO 9,

pue[sseid pazeid J0 PIMOW JO 9,
ONI/SOA

ON/SOA

ON/SOA

e

BY / SJUQWID[O #

#

B / SHUN YOO0ISOAI] #

pue| eImnoLSe [8)0} JO 9,

ON/SOA
9d£) wuey ur osn a3eIoAR JO 9

pue[ J[qete uo (SaydurIq 10 sauols Jo sdeay 3-9) sormonys J[eIS-[[BWS JO UOHR[[BISU]
uonejor doio jo ued A9f Arezodwoy
Ssjuowo[d uonejol doid Jo requuny
sureid Juwds Jo uoneAnmn)
W) uo pajeAnno sjue[d pajeAnnd Jo SonOLEA dIey
ozrew ur umos sdoio yoye)
uono9)01d Iajem pue [10S SAUIAI]
(uoneordde op1o1q10y Jnoyyim) SuIpads JoIIp pue SuIyo[njA
Ioyuim pue uwmne Sulnp sppay d[qere uo sdoid 940D
(DVEN-10dQ) spaas Jo uononpoid
Surpnpour ‘sdoro Arperoads jo soonoerd juswadeurw (eI noLISe A[pudLy AJ[RIUdWIUOIIAUL
SPol} (89100 UI SOpIOISuny Jo ueg
sdoxo pagy orqese ur (sopronsad ondyIuAs Jasi e} [erourw) syndur Suisearoul-pAIAk jo ueg
sdo1o o[qere ur (sopronsad oNoYIUAS I9SI[1I9) [erour) syndur Jursearour-plaIA Jo uegqg
(OVEN-"1NdQ) pue[ d[qele Jo saonoeid juswofeuew [EINYNOLISE A[PUSLY AJ[BIUSUIUOIIAUY

LE
9¢
3
43
€€
[43
1€
0¢
6¢C

8¢
LT
9¢
4
vC

sdoo d[qe.ae 0} WSM.COMOH SIajouwreled

smopeaws dAIsudul ul Surmowr Joye siaddoyd [esrueyoow Jo ueq

SMOPEOW JAISUIXD Ul Surmowr 1oye sioddoyo [eorueyoowr Jo ueg

punoid 2A0Qe WO § ISBI[ JB PIMOW SPUB[SSBID)

I0SI[NI9) AU JNOYNIM PUB[SSBID

Aumis jo uoneordde jnoym pue[ssein)

aimsed poom 10 armsed 9AISUIXF

(s1omows A18)01 JO PBIISUL) SMOPBIW JAISUUL UO JOMOW Jeq JO S)

(s1omowr AIe)0I JO PeI)SUI) SMOPEOUT JAISUOIXD UO JOMOW Jeq JO oS

pue[sseid uo (sayouelq J0 souols Jo sdeay ‘3'9) saInonys [eds-[[ews Jo uone[[eIsuy
Ieok B 90UO A[UO pOMOW PUB[SSBID)

Suiproydoys pue a3eimsed surdjy

smopeaw sulde jo juswadeuey

spue[sseld doais Surmon

UOIBAIISUOD dFe[IS JO Ueqg

spue[sseld ur (sopronsad onoyuAs I1asI NI} [erourw) syndur Sursearoul-pRIA Jo ueq
(OVEAN-TNdQ) pue[sseisd jo ssonoeld juswoSeueul [eI)MOLISe A[PUSLY A[[EJUSWUONAUY

€C
(44

puersseid juouewtiod 03 SULLIDJAI SIdjOWRIR]

Sp[ol JO 9ZIS 23RIOAY
SaImoNys [eroynJIe [[ews pue spre Sunsau yum surpersdnauswosordun dfeds-jews
sod£) osn pue] JUSISHIP JO JoqUNN
Jjel1 SUO0IS 18101,
(ozrewr 1daox9) seale snoule)UNOW Ul SUIULIE] J[qRIY
(SoInseaw [BJUSWIUOIIAUD-LISE
o1y100ds-031s 10U30 9y} 0) s)oedull [BUONIPPE) JUSWASLUBW JIUESIO WLIBJ-0[OYA
91380 01 SPJENUIOUOI JO JuIpad) paonpal o) anp ndul-N paonpay

on <t wn o >~

4
I

LBy 9I1U0 9y} 0) SULLIDJal SIojowelIed

Ioowered jo uiSuQ

I 92In0Ss eje g

oeog

I9jowreled

‘youelq We} Aq s90In0s eyep pue ‘siojowered Jo urdLo ‘sofeos ‘sigjowrered [9pow JO MIIAIOAQ

¥T0Z Aenuer 9z /£:£Z 1 [6'86T 6772°2T2] AQ pepeojumoQ

TV 9[qeL



C. Schader et al.

16

105wered umQ q BAIB QIMI[NONIA JO 9 Po1e3LUI Jou SpIeAdUIA 9/

Ioowered umQ d ON/SOA $01Aydoa3 jo poddns pajoSie) 10j uoneAnNd [10S G/

Ioowered umQ g ®eare axmnoniA ey Jod sJUSWSO JO JOqUINN] # sp1eAoulA uo (soyouelq 10 souols Jo sdeay ‘3'9) saImonys o[eos-[[ews Jo uone[[eISU] {7/,

10wered umQ q BAJR 2IMI[NONIA JO 9 SPIRAQUIA JO SMOI U20MIDQ SUIMOW (MOI PUOIIS AIJAD) JBUINY €/

1NdO v ON/SOA sprelauta ur uononpoid pajerSoyuy 7/

ADQO v ON/SIA (19A09 Yot 10 ‘mens ‘sdosd J9A0J) SPIRASUIA UL [OJJUOD UOISOI [/

SpIeAQuIA 0} SULLIQJAI SIdJoweIed

101owered umQ d BaIe Juimoisd ynyg Jo o sysad 10yj0 J0/puE ‘BLI010Bq ‘IFUn] Jsurede Jue)SISAI JO }SNQOI SANILIBA JNIY JO UOHBANND ()L

1o1owered umQ q ON/SOA SPIBYOIO Ul SOPIOIQIAY JO Ueg 69

(0107) Te 10 Auudr o‘d pue] [eINNOLISE [£10) JO 9, SPIBYOIO MOPBIN 89

1oowered umQ g eore Suimoid jmyj ey Jod SJUSWSS Jo JoqunN #  eaIe Suimoid 3y uo (soyouelq Jo souols Jo sdeoy '3-9) saimjonys ojeds-[jewss Jo uone[[eIsu] /9

1owered umQ q BaIR SUIMOIS 3INIJ JO 9 SPIRYOIO JO SMOI UdAM)IQ SUIMOW (MOI PUOIIS AJIAD) AJRUIAY 99

1ndQ v pue[ [eIy[NOLIZE [€)0} JO 9 (,9591M18qONANS,) SPIBYIIO MOPBIW JO UONRAIISUO) G9

1NdQ v ON/SA doy pue synyg jo uononpoid pajeidou] 49

AD&O v ON/SOA (19409 Yo 10 ‘mens ‘sdoro 19A09) sqOY pue JINIJ UI [OXUOD UOISOI €9

seare Sumois Jnyg o) SuLLIJoI SIojouWeIed

1o1owered umQ a‘d ON/SOA [10S 9U} JO UOTESI[LI0)S WIBDIS [BOIWAYD ON 79

1owered umQ a‘d ON/SOA sasnoy uaaI3 03 1xau s1sad jo systuoFejue Sunoword armonyseryur Sulysiqelsy 19

19owered umQ a‘a BAIE SUIMOIS J[qeI9F9A [€)0} JO 9 soruodoIpAy jo ueqg (9

19owered umQ a‘d eore 3uimoid 9]qeloSoA .10 Jo 9, 2099[] oYM BaTe Furmoid 9[qeleSoA 6§

19owered umQ a‘gs BAIE JUIMOIT J[qeIOT9A [€)0} JO 9 sjouumAjod noym eore Suimoid 9]qe1o8oA  §S

SOVI adgay ©eoIE SUIMOIT 9[qeIa5aA [e0} JO %, sasnoy usa1g moyim vare SuimoIs o[qeiedoA LS

(0107) 'Te 3o Auud( ad pue[ d[qeIe 810} JO %, SPIoY 9[qe19S9A U0 UONBANIND [10S [[-ON 9

(0102) 18 30 Auuar a‘g uonejol doId 1pun pue| J[qere Jo 9, (sproy Q1qeedaa ur) spaiq Suipaaiq-punois Sunoword seare d[eIS-[[BWS UMOS GG

(0107) Te 10 Auudr a‘g eore Suimoid 9[qe1dSoa €10} BY / SoImonns # eale Suimoid 9[qejodoa uo (seyouelq 10 souo)s Jo sdeoy *5-0) sarmonns o[eos-[ews Jo Uone[eIsu] 4§

1owered umQ qv pue[ J[qeIe [B10} JO 9 (eare Suimoad 9[qe1odoa uo) uonejor doid jo ued A9 Arerodwo], €6

1orowered umQ a‘d # SOIN}NO 9[qe)dS9A JUSIAIIIP JO JoqUINN S

10dQ v ON/SA SANALIBA J[qIOZIA JJBI JO UOneANIN) |G

1NdQ v pue] d[qere [€10} JO % uonodjold 10jem pue [10S SANUSAJL] (S

1NdQ v pue[ d[qeIe [e103 JO 9, (uoneordde opro1qIay NOYIM) SUIPIIS J0IIP pue SUIYINN  6f

1NdO v pue[ d[qere [e103 JO %, IouIm pue uwmine Suump splary 9[qe}asoA uo sdoId 1A0) 8

1NdQ v ON/SOA so[qejeSoa Jo uononpoid pajerSoyu] /i

1NdO v ON/SOA I1oppoj 10J pue| o[qere uo (sopronsad onapuAs IasinIey [erourw) syndur SuIseaIdul-plalk Jo ueq 9y

1NdO v ON/SA SpIoYy 21qe1R32A uo (sopronsad onaypuAks ‘rosiniey [erourw) sindur Suiseardour-paIf jo ueqg Gt

qu@ A" ON/SOA (OvdaN-1NdO) se[qeadaa jo seonoerd juswodeuew [eImnolde A[pusLy A[[BIUSWUOINIAUY i

ADmO v ON/SOX i sosnoyuaaid ur uononpoid pojerSaul ¢t

seare Juimolsd 9[qe)d39A 0) SULLIDJAI SIdjOWRIR]

1wered umQ a‘d ON/SOA Spa3s puqAy jo ueg 7t

(0107) 'Te 30 Auud( a‘dg BAIE S[BAIDD [B10} JO O (sop1o1qJoy] JO 9sn OU AJ[RUOIIIPPE) S[E9I90 Ul 90 pue qUOJALIND JO 9sn ON [§

(0107) " 12 Auuor ad pue[ S[qere [210} JO 9 UONBANNO [10S [[H-ON OF

(0102) Te 3 Auudf a‘d Bale S[EaI30 [B10) JO % SP[AlJ [BA130 UI UMOS IMIXIW IQAO[O—-SSRID) (¢
(9zrews 10

(0107) ‘Te ¥ Auudr a‘d uonejor doo 1opun pue| d[qeIe JO 9,  ‘Iomo[juns ‘oder pass[Io ‘S[ea1ad ur) spiaq Surpasiq-punoid Sunowoid seare J[eds-[[eWs UMOS {€

1010wered jo uidlQ (2oImos el Jress Io)owered

¥T0Z Aenuer 9z /£:£Z 1 [6'86T 6772°2T2] AQ pepeojumoQ

(panupuod) TV d[qeL



17

International Journal of Biodiversity Science, Ecosystem Services & Management

(68 "ON) Soe[ pue suie) Jo Bary (88 ‘ON) s[rem Amosew A1q ‘(L8 "ON) [eLyew

SuIppaq 10J AJuo spue[sseId 9AISudIXH ‘(98 "ON) SPUB[POOM JO BAIY ‘(G "ON) SOPIS Y30q UO SUISIEW peolq W JSed] J8 YIM SISIN0dId)eM pue sweans ‘(8 "oN) (sAemAajfe ‘[our) soon 9[3uls Jo Joquny ‘(g8 "ON) suidrewr
prey e sdis sse1d umog ‘(18 "ON) dins tomoypyim [eruuarod umog (81 "ON) armsed poom 10 axmsed 2AISUIXT (4] "ON) Tea£ € 90u0 A[uo pamowr puesseI) (g9 "ON Iojowered) SPIEYI0 MOPEAUI JO UONEAISUO))
BLISNY ‘BUUSIA

‘odeospue] pue sprezeH [eImeN ‘s)sI0 10§ dnue)) SUIUIEI], Pue [OIeSdY [eI0Pd,] “(SunsiomueisudI(q) 700Z/0007 IMUSAUIP[EAN SYISIYIIDLISISQ) — JOGIEP[d,] dIp IJ uonynusuy (1007) "3 I0[AIYdS pue g SneH,
‘S[opotr MO[J

uanu uuey (9) pue 2rmoid (e (§) ‘maraIul 11adxa () syuswssasse 81301099 (¢) saonoeld uononpoid (7) (SOV]) WAISAS [01UOD PULR UOHBNSIUIWPY PARISAU] UeL)SNY Y} WO ejep () :99In0s ele(, S9N

(svenqey
[eInjeu-Twas)
[epowt 2y} Jo

Stopuwered 17

Iopwered uMQ  wox paje[nofe) XOpuJ# SeoIe [eINJRU-TWAS JO ANSIOAI] 16

N\CoEPEH

15910

ueLysny

ay) Jo ejep

woxj Xapur
(0107) 'Te 10 Auudp pare[noren Xopu[# sqnuys Jo sdis s s1opIeoq 159104 (6
(0107) Te 10 Auuep 4°9D°d ([ury < yoed) ey / sove| pue suIely SOY®[ pUB SUIR) JO BAIY (8
(0107) 'Te 30 Auuog oJK:! (W < yoes) ey / s[remy s[rem Amuosewr A1 88
(0102) 'Te 30 Auudf qv pue[ [EIM[NOLIZE [B10) JO % [eudrew SUIppaq 10§ AJUO Spue[sseIS QAISUIXY /8
(0107) 'Te 10 Auuog 49 d pue[ [emynouSe [e30) Jo 9, SPUB[POOM JO BOTY 98
10wered umQ D‘d ey Jod w ur YSuoT # SOPIS [j0q UO SUISIEW PeOIq W ISEI J& YHM SISINOJIdJem pue sweans ¢§

pue|

(0102) 18 12 Auuap 4999 [eanoude [ej0} ey 1od S991) JO JOqUINN # (sAemAa[re Tour) soan o[3uIs Jo qWNN 48
(0102) ‘e 10 Auudp D‘d pue[sseid pozeid I0 Pomow Jo o, smopeaw uo sdigs o3njor jnou) €8
(0102) 'Te 10 Auuaf D‘d pue[ [BI[NOLIZE [€10) JO % swidrew ppoy 1e sdins sseid umos g
(0102) T8 12 Auuor o‘q uonejol doo opun pue| d[qele Jo %, dins romopgpim eruuarad umos 18
1NdQ v pue| [eamnoude [e10} JO o, seare d[qenyeA AJ[eo130[009 JO JuUdWOFeULW PUR UONBAIISUO) (8
Sjelqey [eINJeU-TWRS 0) SULLIOJAI SIoJOWEIR]
1wered umQ q BAJR 2UM)NONIA JO %, sanoureA aderd jue)sisal [e3uny Jo uoneAnn) 6L
Ioyowrered umQ q ON/SOA SpIeAoulA UI SOPIOIQIOY JO ueg 8/
1oowered umQ d BOJE AINJ[NONIA JO o SPIBAQUIA POJRLIDL, L[

¥T0Z Aenuer 9z /£:£Z 1 [6'86T 6772°2T2] AQ pepeojumoQ



Downloaded by [212.249.198.9] at 23:37 26 January 2014

18 C. Schader et al.

Table A2. Distribution of parameter weights for aggregated biodiversity after Monte Carlo simulations.

Standard

Parameter Min Max Mean deviation Variance Skewness Kurtosis Mode

Parameters referring to the entire farm

1  Reduced N-Input due to reduced feeding of concentrates to 0.5 08 0.6 0.1 0.0 1.1 2.5 0.6
cattle

2 Whole-farm organic management (additional impacts to the 09 27 17 0.4 0.2 0.3 2.0 1.5
other site-specific agri-environmental measures)

3 Arable farming in mountainous areas (except maize) 0.8 1.7 12 0.2 0.0 0.5 2.8 1.3

4 Total stocking rate 1.6 33 24 0.3 0.1 0.2 23 24

5 Number of different land use types 1.2 44 27 0.6 0.3 0.2 2.7 2.4

6  Small-scale improvement / upgrading with nesting aids and 0.0 05 0.1 0.1 0.0 1.3 3.9 0.0
small artificial structures

7  Average size of fields 1.0 30 18 0.4 0.2 0.4 2.6 1.5

Parameters referring to permanent grassland

8  Environmentally friendly agricultural management practices of 1.1 3.0 1.9 0.3 0.1 0.2 2.6 2.1
grassland (OPUL-UBAG)

9 Ban of yield-increasing inputs (mineral fertiliser, synthetic 07 23 13 0.3 0.1 0.4 2.8 1.2
pesticides) in grasslands

10 Ban of silage conservation 04 23 1.0 0.5 0.2 0.5 23 0.7

11 Mowing steep grasslands 06 42 23 0.8 0.6 0.4 2.3 1.6

12 Management of alpine meadows 2.1 58 42 0.9 0.9 -0.4 1.7 4.9

13 Alpine pasturage and shepherding 1.6 50 29 0.7 0.4 0.4 2.5 24

14 Grassland mowed only once a year 0.8 56 27 1.2 1.5 0.5 1.8 1.5

15 Installation of small-scale structures (e.g. heaps of stones or 0.7 4.5 2.2 0.9 0.9 0.7 2.2 1.8
branches) on grassland

16 Use of bar mower on extensive meadows (instead of rotary 03 08 0.5 0.1 0.0 0.2 2.7 0.5
mowers)

17 Use of bar mower on intensive meadows (instead of rotary 0.1 04 03 0.1 0.0 0.2 2.0 0.2
mowers)

18 Extensive pasture or wood pasture 1.3 54 30 0.9 0.8 0.7 2.6 2.6

19 Grassland without application of slurry 0.7 3.0 15 0.4 0.2 0.6 2.9 1.2

20 Grassland without any fertiliser 1.0 46 23 0.8 0.6 0.4 2.2 2.7

21 Grasslands mowed at least 8 cm above ground 00 19 05 0.4 0.1 1.0 3.6 0.3

22 Ban of mechanical choppers after mowing in extensive 0.1 1.1 04 0.2 0.1 0.9 2.9 0.2
grassland

23 Ban of mechanical choppers after mowing in intensive 0.1 05 02 0.1 0.0 1.3 3.6 0.2
grassland

Parameters referring to arable crops

24 Environmentally friendly agricultural management practices of 1.3 4.4 2.6 0.7 0.5 0.7 2.4 1.9
arable land (OPUL-UBAG)

25 Ban of yield-increasing inputs (mineral fertiliser, synthetic 1.5 35 24 0.4 0.2 0.4 2.6 23
pesticides) in arable crops

26 Ban of yield-increasing inputs (mineral fertiliser, synthetic 0.8 20 14 0.2 0.1 0.2 2.5 1.4
pesticides) in arable feed crops

27 Ban of fungicides in cereal fields 02 16 09 0.4 0.2 0.0 1.6 0.4

28 Environmentally friendly agricultural management practices of 0.7 22 1.3 0.3 0.1 0.2 2.7 1.4
speciality crops, including production of seeds (OPUL-UBAG)

29 Cover crops on arable fields during autumn and winter 06 23 13 0.3 0.1 0.2 2.5 1.3

30 Mulching and direct seeding (without herbicide application) 0.0 2.6 1.1 0.6 0.3 0.2 24 1.1

31 Preventive soil and water protection 0.8 22 14 0.3 0.1 0.3 2.7 1.5

32 Catch crops sown in maize 06 25 13 0.4 0.2 0.7 2.7 1.1

33 Rare varieties of cultivated plants cultivated on farm 0.1 13 05 0.2 0.1 0.9 2.8 0.4

34 Cultivation of spring grains 0.1 1.0 03 0.3 0.1 1.0 2.3 0.1

35 Number of crop rotation elements 0.1 15 0.7 0.3 0.1 0.1 2.1 0.7

36 Temporary ley part of crop rotation 03 09 05 0.1 0.0 1.0 34 0.5

37 Installation of small-scale structures (e.g. heaps of stones or 0.8 2.8 1.6 0.4 0.1 0.5 2.8 1.6
branches) on arable land

38 Sown small-scale areas promoting ground-breeding birds (in 1.0 2.1 1.4 0.2 0.0 0.4 3.0 1.5
cereals, oilseed rape, sunflower or maize)

39 Grass—clover mixture sown in cereal fields 0.5 19 1.1 0.3 0.1 0.3 2.5 1.4

40 No-till soil cultivation 0.8 35 19 0.5 0.3 0.4 2.7 1.9

41 No use of currycomb and hoe in cereals (additionally no use of 0.7 43 2.2 0.9 0.8 0.8 23 1.8
herbicides)

(Continued)
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Table A2. (Continued).

Standard

Parameter Min Max Mean deviation Variance Skewness Kurtosis Mode

42 Ban of hybrid seeds 0.0 03 0.0 0.1 0.0 2.0 4.9 -

Parameters referring to vegetable growing areas

63 Integrated production in greenhouses 0.1 04 0.1 0.1 0.0 1.9 5.6 0.1

64 Environmentally friendly agricultural management practices of 1.7 3.0 2.3 0.3 0.1 0.4 2.0 2.1
vegetables (OPUL-UBAG)

65 Ban of yield-increasing inputs (mineral fertiliser, synthetic 08 26 1.6 0.4 0.1 0.1 2.4 1.8
pesticides) on vegetable fields

66 Ban of yield-increasing inputs (mineral fertiliser, synthetic 07 1.7 1.1 0.2 0.0 0.4 2.5 0.9
pesticides) on arable land for fodder

67 Integrated production of vegetables 0.1 08 03 0.1 0.0 0.7 3.1 0.3

68 Cover crops on vegetable fields during autumn and winter 06 27 14 0.4 0.2 0.6 2.4 1.3

69 Mulching and direct seeding (without herbicide application) 0.4 3.1 1.7 0.5 0.3 0.2 2.6 1.5

70 Preventive soil and water protection 0.8 26 15 0.3 0.1 0.4 2.7 1.5

51 Cultivation of rare vegetable varieties 0.1 07 03 0.1 0.0 0.8 4.2 0.3

52 Number of different vegetable cultures 00 10 03 0.2 0.1 0.1 2.2 0.5

53 Temporary ley part of crop rotation (on vegetable growing 04 12 07 0.2 0.0 0.7 3.0 0.6
area)

54 Installation of small-scale structures (e.g. heaps of stones or 1.1 28 1.8 0.4 0.1 0.3 2.2 1.7
branches) on vegetable growing area

55 Sown small-scale areas promoting ground-breeding birds (in 1.3 2.3 1.8 0.2 0.0 -0.3 2.5 1.8
vegetable fields)

56 No-till soil cultivation on vegetable fields 09 32 1.8 0.5 0.2 0.5 2.6 1.4

57 Vegetable growing area without green houses 02 21 1.0 0.4 0.1 0.2 2.6 0.8

58 Vegetable growing area without polytunnels 02 08 0.5 0.1 0.0 -1.0 2.7 0.6

59 Vegetable growing area without fleece 00 07 02 0.2 0.0 0.7 2.7 0.0

60 Ban of hydroponics 26 66 42 0.8 0.6 0.6 2.7 3.9

61 Establishing infrastructure promoting antagonists of pests next 0.9 2.8 1.7 0.4 0.1 0.6 2.6 1.5
to green houses

62 No chemical steam sterilisation of the soil 28 56 40 0.5 0.3 0.4 2.6 3.5

Parameters referring to fruit growing areas

63 Erosion control in fruit and hobs (cover crops, straw, or mulch 0.6 3.1 1.5 0.6 0.4 0.9 2.5 1.3
cover)

64 Integrated production of fruits and hop 02 15 07 0.4 0.2 0.5 1.4 0.4

65 Conservation of meadow orchards (‘Streuobstwiese”) 22 45 32 0.5 0.2 0.3 2.5 3.0

66 Alternate (every second row) mowing between rows of 09 24 15 0.3 0.1 0.5 2.3 1.3
orchards

67 Installation of small-scale structures (e.g. heaps of stones or 13 25 18 0.3 0.1 0.0 1.5 1.5
branches) on fruit growing area

68 Meadow orchards 1.5 29 22 0.3 0.1 0.0 2.0 1.7

69 Ban of herbicides in orchards 1.0 21 15 0.2 0.0 —0.2 2.4 1.6

70 Cultivation of fruit varieties robust or resistant against fungi, 0.6 1.4 1.0 0.2 0.0 -0.2 2.1 0.9
bacteria, and/or other pests

Parameters referring to vineyards

71 Erosion control in vineyards (cover crops, straw, or mulch 05 31 14 0.6 0.4 0.9 2.6 1.3
cover)

72 Integrated production in vineyards 02 21 09 0.6 0.4 0.5 1.4 0.4

73 Alternate (every second row) mowing between rows of 06 21 12 0.4 0.2 0.7 2.2 0.8
vineyards

74 Installation of small-scale structures (e.g. heaps of stones or 1.2 28 20 0.3 0.1 0.1 1.9 1.7
branches) on vineyards

75 Soil cultivation for targeted support of geophytes 04 24 12 0.4 0.2 0.5 2.4 1.1

76 Vineyards not irrigated 02 05 03 0.1 0.0 0.5 2.5 0.2

77 Terraced vineyards 0.8 1.8 1.2 0.2 0.0 0.5 34 1.2

78 Ban of herbicides in vineyards .1 22 15 0.2 0.0 0.2 2.4 1.6

79 Cultivation of fungal resistant grape varieties 03 07 04 0.1 0.0 1.1 3.9 0.4

Parameters referring to semi-natural habitats

80 Conservation and management of ecologically valuable arecas 2.7 5.1 3.8 0.5 0.3 0.1 2.0 4.2

81 Sown perennial wildflower strip 0.8 22 13 0.3 0.1 0.6 2.8 1.2

82 Sown grass strips at field margins 09 22 14 0.3 0.1 0.5 23 1.1

83 Uncut refuge strips on meadows 14 32 21 0.4 0.2 0.7 2.4 1.9

(Continued)
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Table A2. (Continued).

Standard
Parameter Min Max Mean deviation Variance Skewness Kurtosis Mode
84 Number of single trees (incl. alleyways) 0.1 09 04 0.2 0.0 0.1 2.4 0.4
85 Streams and watercourses with at least 1m broad margins on 1.1 2.7 1.8 0.3 0.1 0.4 2.6 1.7
both sides
86 Area of woodlands 1.2 43 25 0.7 0.5 0.7 2.4 1.9
87 Extensive grasslands only for bedding material 1.8 46 3.0 0.6 0.3 0.3 2.4 2.4
88 Dry masonry walls 0.7 16 1.1 0.2 0.0 0.7 2.7 0.9
89 Area of tarns and lakes 0.8 16 12 0.2 0.0 —0.1 2.4 1.2
90 Forest boarders with strips of shrubs 1.1 44 24 0.7 0.5 0.7 2.6 2.1
91 Diversity of semi-natural areas 25 66 44 0.8 0.7 0.4 2.6 3.7
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