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A B S T R A C T

Agri-environment schemes (AES) compensate farmers for applying costly land-use measures that are beneficial
to biodiversity. We present DSS-Ecopay, a decision support software for the simulation and optimization of
grassland AES. DSS-Ecopay consists of a database capturing the ecological and economic input data, an ecolo-
gical model for calculating the effect of mowing regimes, grazing regimes and combinations of mowing and
grazing regimes on endangered birds, butterflies and habitat types, an agri-economic model for estimating their
costs and a simulation and an optimization module for determining ecologically effective and cost-effective AES.
DSS-Ecopay is highly flexible and adaptive as it can be applied to different regions and changing economic and
ecological circumstances.

1. Introduction

Agricultural intensification and farmers' abandonment of marginal
land are key drivers of biodiversity loss in Europe and other parts of the
world (Kleijn et al., 2011). In order to halt the loss of farmland biodi-
versity agri-environment schemes (AES) have been developed. The
purpose of AES is to compensate farmers for the adoption of costly land-
use measures that benefit biodiversity. Designing ecologically effective
and cost-effective AES can be a complex task. The complexity is parti-
cularly high if an AES shall protect different species, different land-use
measures are available as conservation options, and the costs of these
land-use measures as well as their impact on species differ in space and
time. In such cases, a software can be a helpful tool to estimate the
impact of alternative land-use measures on species and habitat types as
well as to identify cost-effective compensation payments to farmers in
the context of AES.

Here, we present the decision support software DSS-Ecopay. Its
basic components are a database capturing the ecological and economic
input data, an ecological model for calculating the effect of land-use
measures on endangered biodiversity, an agri-economic model for es-
timating their costs and a simulation and an optimization module for
determining ecologically effective and cost-effective AES. DSS-Ecopay
is presently able to calculate the impact of several hundred mowing

regimes, grazing regimes and combinations of mowing and grazing
regimes (differing, among other aspects, in terms of their timing) on 20
endangered birds, 19 endangered butterflies and 9 endangered habitat
types.

DSS-Ecopay is also able to design cost-effective AES. An AES consists
of one or several land-use measures and the payments farmers should
receive for these measures. DSS-Ecopay includes two cost-effectiveness
options.

(1) The conservation goal is maximized for a given budget selected
by the user. (2) The budget is minimized for certain levels of con-
servation goals selected by the user. The conservation goals represent
the birds, butterflies and habitat types which are selected by the user
and weighted in terms of their importance.

DSS-Ecopay is flexible and adaptive and versions exist for the
German federal states of Saxony, Schleswig-Holstein and Brandenburg,
the region Osterzgebirge in Saxony and the Belgian regions of
Noorderkempen, Kust, and Haspengouw. In an ongoing project, it is
adapted to support the design of land-use measures in the Aller river
valley, Germany.

DSS-Ecopay is based on an ecological-economic modelling proce-
dure (Wätzold et al., 2016). Hence, by developing DSS-Ecopay we are in
line with a call by Antle et al. (2017) and Capalbo et al. (2017) who
argue for a major effort on the software implementation of agricultural
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models to increase their relevance for users. In comparison to other
decision support software for biodiversity conservation in agricultural
landscapes, DSS-Ecopay is novel in several ways. The focus of the
software MANUELA (van Haaren et al., 2012) is on the farm level
whereas DSS-Ecopay addresses the landscape level. Similar to DSS-
Ecopay, the software INGRID simulates the ecological and economic
effects of management decisions in grassland (Rudner et al., 2007) but
does not contain an optimisation module. ECOECOMOD (Ulbrich et al.,
2008) contains an optimisation module but is limited to one species and
a small area. The prominent optimization software MARXAN (Ball
et al., 2009) and INVEST (Kareiva et al., 2011) adopt a spatial con-
servation planning perspective which makes them unsuitable for as-
sessing AES where a software needs to consider the voluntary decision
of farmers to adopt a conservation measure which DSS-Ecopay does. A
further important novel aspect is that DSS-Ecopay enables the user to
take into account explicitly the timing of the land-use measures (i.e.,
different mowing and grazing dates).

2. Description of DSS-Ecopay

2.1. Software structure and flexibility

The structure of DSS-Ecopay is defined by a strict separation of
models and input data for the models. The models are implemented in
the software, the data set is provided through the database. The data-
base includes region-specific GIS data, all species data, and region-
specific as well as general economic and agronomic data and in-
formation. The database enables the user to change the required data
sets; this makes it possible to apply the software to different regions.

The separation of models and data ensures a high flexibility and
transferability. Not only can the software be applied to different re-
gions, but by changing ecologic, economic or agronomic data sets (for
example changing the species data under the assumption of global
warming) DSS-Ecopay can be adapted to changing circumstances and
knowledge and new insights into the design of AES can be gained. Fig. 1
provides an overview of DSS-Ecopay structure.

2.2. Input parameters and data requirements

The agri-economic and the ecologic models define the software
input parameters. The models are spatially and temporally differ-
entiated. The temporal scale is quarter-months (qm); each month is

divided in four quarters summing up to 48 quarter-months for the
whole year. The spatial scale is a grid cell, the region (e.g. Saxony) is
covered by a net of grid cells (e.g. fishnet in ArCGis). The size of the
grid cell is user defined depending on the data availability of the user.
The grid cell is the smallest spatial unit and cannot be subdivided, e.g.
only one land-use measure can be applied on a grid cell at the same
time.

Ecological data is needed as input into the ecological model. For
birds and butterflies it includes, for example, egg-deposition periods,
length of reproduction period, and habitat requirements like soil hu-
midity. Economic and agronomic data is required for the agri-economic
model and includes, for example, information on soil productivity of a
grid cell, but also digestibility and energy content of the yield.

The structure of the possible land-use measures is pre-defined in the
database. The user can alter or add to the set of measures as long as a
basic setting is met. The measure has to be mowing, grazing or com-
bination of both including the information whether N-fertilizer is per-
mitted. Moreover, the timing of the first and the temporal distances to
further uses have to be defined (for example, mowing with first cut in
qm 21, second cut 6 qm and third cut 10 qm later). For grazing the
livestock units per ha, the type of livestock and the start and period of
the grazing period have to be defined.

The user can display, alter and resave the species data from the
database in a window of the software as well as include new species
into the database through a window interface. This applies also to the
data of the economic model.

2.3. Ecological model

The ecological model estimates the impact of the land-use measures
on the species and grassland types. Johst et al. (2015) describes the
model in detail, we only give a brief summary here. As birds breed on
the ground and butterflies deposit eggs in the grassland, they are im-
pacted during their reproductive period. Therefore, the model considers
habitat quality for reproduction as an indicator for the ecological effect
of measures. This habitat quality is calculated based on the interference
of the type and timing of land-use measures with the reproductive
period during which a species is reliant on grassland. The model con-
siders the direct mortality (e.g. eggs are destroyed by mowing machines
or trampled by grazers), the habitat suitability related to the varying
vegetation height (after cutting or grazing the vegetation regrows) and
the local abiotic conditions such as predation pressure, soil humidity,
the presence of spatial structural elements and the suitability of the
grassland type if required (e.g., a certain plant composition necessary
for butterflies). The ecological impact of land-use measures on the ha-
bitat types is calculated by considering the local abiotic conditions
mentioned before and the timing and type of the measures.

2.4. Agri-economic model

The agri-economic model assesses for all land-use measures the
opportunity costs of their application. DSS-Ecopay calculates the cost
differences for each land-use measure with a profit-maximizing re-
ference scenario defined for each measure (mowing, grazing and
combinations of both) for each grid cell. The agri-economic model
considers three different types of costs for the farmer: costs that arise
because of differences in the quantity and quality of the hay respec-
tively silage from the grass, variable costs for input goods such as fer-
tilizer, and labour costs of the farmer. The administrative costs of the
farmer to participate in an AES are not calculated by DSS-Ecopay but
are preset and can be changed by the user. Mewes et al. (2015) provides
a detailed explanation of how the opportunity costs of the land-use
measures are calculated.

Fig. 1. General structure of DSS-Ecopay.
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