|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

The 83rd Annual Conference of the Agricultural Economics Society

Dublin

30th March to 1st April 2009

The impact of changing agricultural policies on jointly used rough
pastures in the Bavarian Pre-Alps

— an economic and ecological scenario approach —

Norbert Roeder, Dirk Lederbogen, Juergen Trautner, Ariel Bergamini, Silvia Stofer

and Christoph Scheidegger

N. Roeder
Institute of Rural Studies of the Johann Heinrich von Thiinen-Institute (vTI)
Federal Research Institute for Rural Areas, Forestry and Fisheries
Bundesallee 50, D-38116 Braunschweig, Germany
Tel.: (+49) (0)531 596 5215
Fax: (+49) (0)531 596 5599
E-mail: norbert.roeder@vti.bund.de

D. Lederbogen
University of Stuttgart - Institute for Landscape planning and Ecology
Keplerstr. 11, D-70174 Stuttgart, Germany

J. Trautner
Working Group for Animal Ecology and Planning
Johann-Strauss-Str. 22, D-70794 Filderstadt, Germany

A. Bergamini / S.Stofer / C. Scheidegger
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Ziircherstrasse
111, CH-8903 Birmensdorf, Switzerland

Copyright 2009 by the authors. All rights reserved. Readers may make verbatim copies of this
document for non-commercial purposes by any means, provided that this copyright notice
appears on all such copies.



Abstract

The following paper assesses the impact of different policy options on the land use and asso-
ciated biodiversity values of jointly organized low intensity grazing systems (‘Allmende’) in
Southern Bavaria. We use an integrated economic and ecological modelling approach to
compare the results of the scenarios with a reference situation that reflects the Common Agri-
cultural Policy prior to the Fischler Reform. The economic sub model is based on single farms
which alter their land use in response to economic stimuli. Within the economic part, key
factors like the farm’s endowment with machinery, quota and buildings but also the farmer’s
attitude are regarded. Within the rule based ecological sub model we analyze three main pa-
rameters: (a) protected habitats according to the EC Habitats Directive, (b) biodiversity for
selected taxonomic groups (plants, lichens, ground beetles) and (c¢) habitat quality of selected
target species (plants, butterflies). An overall evaluation of the scenarios leads to the conclu-
sion that the impact of the Fischler reform will be fairly limited in the study area, since at the
observed level of intensity the lower product prices will be compensated by higher direct
payments. If all payments were strictly targeted to agri-environmental measures and set to a
level which guarantees a low input management of the grass land, the overall public expenses
could be reduced by approx. 100 to 200 € ha'. In addition this setting will provide additional
habitats for the target species. However, the number of agricultural employment opportunities
and the agricultural value added decline severely. Regarding all indicators but the extent of
protected habitats and the public costs, a scenario of complete market liberalization performs

the worst.
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1. Introduction

The semi open mires of Southern Bavaria are of high conservation value (see Lederbogen et
al., 2004). Some of them are still traditionally used and maintained by extensive jointly
organized low intensity grazing systems (“Allmende”). In addition the amenity of these
“Allmende”) is not insignificant for the landscape. Through the maintenance of these pas-
tures, the attractiveness of the region for recreation and tourism activities is enhanced.

During the vegetation period heifers graze the “Allmende”. Although the utilisation of these
pastures is supported by a wide variety of financial support measures (agri-environmental and
less favoured area payment), the exploitation of the “Allmende” is threatened in principle.
First of all the low productivity and the remoteness of the land often induce high costs per
unit of output. Second, only a small fraction of the farms realize the full time-saving benefit
of not having any heifers in the comparatively labour-intensive cow stables (small sized sta-
bles, solid dung removal) during the vegetation period. Third, the increasing milk productivity
of approximately 100 kg per cow and year implies that the number of animals per farm
needed to fulfil the milk quota is constantly decreasing (BayStMELF, 2002). As a conse-
quence the less favoured areas such as the cooperative pastures in the mountains might be laid
fallow in future.

The continuation of the utilisation of the cooperative system, and therefore, the maintenance
of high nature value grassland, depends crucially on the competitiveness of the involved agri-
cultural enterprises. This factor cannot be assessed without taking into account national and
EU policies and promotion schemes as well as the likely development of the Common Agri-
cultural Policy (CAP). As a consequence of the Fischler Reform 2003 (Council regulation
1782/2003) many surveys and agri-economic models expect a decline in cattle farming in the
EU (e.g. Tranter et al. 2007 and overview in Gohin 2006).

In the recent years several studies, using agri-economic models, analyzed the impact of a
changing business environment on environmental indicators. The integration of indicators for
the influence of agriculture on diffuse emissions (e. g. erosion, global warming potential,
NOsleaching,...) is state of the art even for regional agri-economic models (e. g. Schmid &
Sinabell 2007; Mittenzwei et al. 2007, Pacini 2004). The impact of a changing business envi-
ronment on the biodiversity of agricultural (semi natural) habitats is either analyzed using
single farm models (e. g. Meyer-Aurich et al. 2003, Onate et al. 2007) or is restricted to the
evaluation of land cover changes (e. g. arable land to grassland or fallow) (e. g.Gottschalk et

al. 2007, Brady et al. 2007).



However, changes in the grassland in response to economic drivers or often gradual (e. g re-
duced stocking rather than abandonment of areas). Furthermore the low availability of land is
one of the main factors limiting the expansion of dairy farms in Southern Bavaria. Therefore,
we develop an agent based modelling approach to cover the interdependencies of the farm
development and delimit the impact of different policy options. This model was linked to rule
based ecological model which assess the consequences for biodiversity values for typical co-
operative management unit (MU) in Southern Bavaria. The considered policy options are de-
coupling of 1* pillar payments, abolishment of all public subsidies and the restriction of pub-
lic payments to agri-environmental payments. The model is based on single farms which can
gradually alter their land use in response to economic stimuli and interact on the land market.

Important questions in the context of changing or maintaining agricultural policies are: Which
could be the consequences for biodiversity, nature conservation value, employment oppor-
tunities and agricultural value in this region? Which possible scenarios show the best per-

formance regarding economic as well as ecological targets?

2. Study area

The study area is located between the cities of Fiissen and Weilheim close to the city of
Steingaden in the southern part of Upper Bavaria. The study area is part of the Pre-alpine mo-
raine belt and lies at an altitude of roughly 800 m. a. s. 1. It is characterized by a mean annual
temperature of 6°C, high amounts of snow during winter time and an annual precipitation
between 1°200 and 1’500 mm a™'. These conditions together with deep soils allow an intensive
management of the grassland on nearly 90 % of the region’s agricultural area (Roeder et al.,
2005). The average farm in the area uses 25 ha of grassland and derives its agricultural
revenues chiefly from dairy farming supplemented by some revenues from heifer breeding
and beef production. Most farms keep their dairy cows indoors year-round while the heifers,
young cattle and horses graze rough pastures from May to October (Lederbogen et al., 2004).
These rough pastures are located at sites which cannot be exploited intensively, due to e. g.
their remoteness, altitude, or slope. A significant part of these pastures is still managed jointly
by several farmers (“Allmende”). In Southern Bavaria, mainly in the Alps, roughly 60’000 ha
of agricultural land, chiefly rough pastures, are managed by approximately 160 “Allmende”
(Gueydon et al., 2007). An “Allmende™’s average size is 250 ha in the alpine region and 52 ha
in the pre-alpine. Typically an “Allmende” supplies less than 10 % of a farm’s annual forage
demand (Roeder et al., 2005). However, in the alpine region the respective share may reach

up to 50 %.



2.1 Economic characterization of the study area

For the study we interviewed 25 randomly selected farms twice, a first time in 2000/01 in the
course of the “Allmende”-project and again in winter 2004/05. These farms manage in total
607 ha of privately owned agricultural land. Furthermore the studied farms use roughly
150 ha of “Allmende” with equivalent of 210 heifers grazing 150 days per year.

23 of the 25 farms in the study area are dairy farms (Tab. 1). Only two farms keep suckler
cows. These two farms must be conceived as part-time or even spare time enterprises. Most
dairy farms are operated fulltime. The smallest farm in the sample manages 5 ha of grassland

while the largest farm uses 50 ha.

Tab. 1. Economic characteristics of the considered farms (n = 25)
Farm type  lots n°of Grassland (ha) Share of rented land (%) Labour demand (Wh)
farms Min  Avg. Max Min Avg. Max Min Avg. Max

dairy cow
15 7 12 17 22 5 20 36 2400 2800 3000
25 9 16 23 28 9 27 58 3150 3600 4000
40 7 25 37 50 4 40 64 4250 4700 5200
suckler cow
5 1 6 50 800
15 1 29 14 1 500

Source: Own data

In general, the larger the farms are the higher is the percentage of rented land and the higher is
the milk production per hectare and consequently the management intensity (Tab. 2). But the

bandwidth within one group is in most cases larger than differences between the groups.

Tab. 2. Intensity of milk production of the implemented farms (n = 25)

Farm type  lots milk quota per farm (kg) milk quota per ha (kg)
Min Avg. Max Min Avg. Max
15 50 000 75 000 90 000 2700 4700 6 900
dairy cow 25 100 000 139 000 200 000 4 000 6200 8700
40 150 000 227 000 300 000 4 400 6300 8100

Source: Own data

2.2 Ecological characterization of the management unit

The previously described study area embeds the “Management unit” (MU). Due to limited
resources we could only conduct a detailed data collection and ecological assessment for the
MU. The MU has a size of 247 ha, including forests, roads, privately managed grassland and
one “Allmende” of 32 ha. The MU is managed by three of the studied farms. The MU is eco-
logically characterized by a habitat mosaic of forests, more or less improved pastures and

meadows on mineral soils, calcareous fens, transition bogs and peat bogs (see Tab. 3 and



Tab. 4). The privately managed land is mainly located on dry to fresh to mineral soils and
covered by agriculturally improved and fertilized grassland or mixed woodland. The “All-
mende” is dominated by permanent mesotrophic pastures, mixed Abies-Picea-Fagus and
broadleaved swamp woodland. We collected the ecological data during the “Allmende”-pro-
ject (see Lederbogen et al., 2004) and in 2003/04 in additional surveys on target species,
habitat types and selected taxonomic groups. According to Tab. 3 we divide the MU into five
different strata, each characterized by a specific combination of utilization and vegetation. In
each stratum we randomly select five subplots to sample plants, lichens and carabids accor-
ding to the BioAssess protocols (Bergamini et al., 2005; Scheidegger et al., 2004). We se-
lected plants to depict plant herbivore interactions and a-diversity, carabids to characterize the
trophic level and lichens to indicate the disturbance respectively landscape history. In each
subplot covering 1 ha species were recorded at one (carabids), seven (plants) and twelve (li-
chens) randomly chosen collecting sites. For the projection of the total species richness per

stratum we use the data at subplot scale and the non-parametric estimator Chao 2 (Colwell &

Coddington, 1994).

Tab. 3. Definition, extent and species richness of the different forms of land use (strata) in the
management unit") (Status Quo)

Stratum Short stratum Lone stratum definition Area  Plants Lichens Carabids
label definition £ (ha) () () (@
1 Fo;;;,egot Secondary and natural forest without grazing 49.5 105 14 25
Early successional stages (5 to 10 years old)
without shrubs and trees. Fallows or
Abandoned

2 grasslands which are managed every 1.7 171 8 16
land .
second or third year only are not
considered abandoned

3 Mown Improved grassland cut at least twice a year 138.7 246 23 25
grassland
4 pastures and . year, £ 356 166 2 31
open pastures, semi-open, pasture
meadows :
woodlands, or litter meadows
High input Improved grassland used as mainly rotational
gh 1np pastures; maybe cut in spring or at the end  13.7 54 0 27
pastures . .
of the vegetation period
others Infr:ts(':cructure Streets, buildings and other facilities 8.4
Total 247.6 368 34 56

Source: Own data

In total we collected 368 plant, 34 lichen and 56 carabid species (Tab. 3). Mown grassland
(stratum 3) covers over 56 % of the MU. However, they contain only very few plant and not a

single lichen species but fairly high number of different carabid spices (27). Compared to the



high input pastures (stratum 3) the plant species diversity of the mown grassland is signi-
ficantly lower, 166 and 54 species respectively. The low input pastures (stratum 4) are
characterized by a high species diversity in all investigated taxonomic groups. In relation to
their extent, the 2 ha of abandoned land (stratum 2) contain a considerable plant species diver-
sity. This high diversity can be explained by the pronounced heterogeneity with respect to the
site conditions of the different abandoned plots.

We mapped the selected target species and habitat types for the entire MU. Habitat types were
classified according to the EUNIS-system (European Nature Information System habitat clas-
sification and to Annex I of the EC Habitats Directive. About 11.5 % (28.5 ha) of the area of
the MU is covered by habitat types of Annex I EC Habitats Directive (“EC habitat types”)
(Tab. 4). The dominating “EC habitat type” is the alluvial forest with Alnus glutinosa and
Fraxinus excelsior (17.3 ha). Priority “EC habitat types” in the MU are the above mentioned

alluvial forest, species-rich Nardus grassland (1.2 ha) and active raised bogs (0.7 ha).

Tab. 4. Overview of habitat-types according to Annex I (EC Habitats Directive) and their
respective current extent in the management unit'(Status Quo)

Habitat-Type Size (ha)
* 7110 (Active raised bogs) 0.66
7230 (Alkaline fens) 0.32
* 91E0 (Alluvial forests with Alnus glutinosa and Fraxinus excelsior) 17.33
6430 (Hydrophilous tall herb fringe communities of plains and of the mountain to alpine levels) 0.34
6410 (Molinia meadows on calcareous, peaty or clayey-silt-laden soils (Molinion caeruleac) 5.61
* 6230 (Species-rich Nardus grasslands, on siliceous substrates in mountain areas) 1.16
7140 (Transition mires and quaking bogs) 3.05
Total 28.47

Source: Own data
* indicate priority habitat-types
1) Spatial reference: area of the 3 farms belonging to the MU

For the area the ecology of 14 plant and three butterfly species that are linked to open or semi
open habitat types and are of some relevance species for nature conservation (red list species)
was studied extensively in the “Allmende”-project (Lederbogen et al., 2004). For these 17
species we assess the likely changes in the extent of suitable habitats induced by management
changes. Currently, only the rich fens (EUNIS type D.4.1) and the transition mires and
quaking bogs (D.2.3) provide suitable or very suitable habitats for a larger number of target
species (Tab. 5). These two types cover over approximately 1.4 % (3.4 ha) of the MU. Only

six further types show at least high qualities for more than one target species.



Tab. 5. Habitat suitability on EUNIS-3-level for 17 selected target species”
EUNIS-type

G4.6,
G5.2,
E2.1,
E5.4,

E2.6,
Gl.6,
E5.6FA.3,

D1.1
G1.4/G1.1

D4.1

D2.3

E3.5

E3.4

D5.3

D5.2

E2.1

E1.7/P-35.12

E2.1/E1.7/P-35.12,
E1.7/P-35.12/E2.1

Target species
Plants
Apium repens 3 3 3
Carex canescens 3 2 2
Cirsium rivulare
Epipactis palustris
Eriophorum latifolium 1
Gentiana verna
Menyanthes trifoliata
Parnassia palustris 1
Pinguicula vulgaris
Polygonum bistorta
Primula farinosa
Splachnum ampullaceum
Succisa pratensis
Sweertia perennis
Butterflies
Boloria aquilonaris 3 1
Coenonympha tullia 2
Glaucopsyche alcon 2
number of assessments withrank 1 3 2
number of assessments with a rank » 12 12
exceeding 1
Source: own data
(Legend for the table except for the last two lines: ‘blank’ = not suitable, 1 = moderately suitable, 2 = suitable,
3 = very suitable)
1) 14 plant species, 3 butterfly species
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3. Modelling approach

Fig. 1 provides an overview of the general information flow within the model and explains the
overall concept. The general modelling approach is the following: An agent based model is
run at the level of the study area as the agri-economic sub-model. In this sub-models a set of
agents adapt their land use in response to changes in their business environment (scenarios).
The agri-economic model delivers area type specific information on the applied management
regime and intensity. Only the information for the land use within the MU was fed into the
ecological sub-model. Based on the information from the economic model and additional in-
formation like the location of the managing farm, the distribution of vegetation types and tar-
get species, the species richness per stratum, the vegetation trajectories or topography and we
determine the ecological impact of the respective scenarios. The ecological assessment of the

agri-economic scenarios is based on their expected impact on the extent of “EC habitat



types”, the species richness and composition as analysed from plants, lichens and carabids

and the extend of suitable habitats for a set of target species.

Farm survey
Map of UAA"Y Socioeconomic key data

Scenarios 4-" Agent based land use model H / Socio economic indicators /

/ Land use /

Vegetation trajectories // \ / Protected Habitats /

Habitat suitability \\ ,‘ Target Species [
” BioAccess Modelling I Biodiversity

Vegetation map | | Distribution of Target Species | | BioAccess sampling

Ecological survey

Fig. 1: Information flow within the model
Source: own data
1) UAA: utilized agricultural area

3.1 Agent based agri-economic sub model

For the study we choose an integrated comparative static farm sample model for the economic
modelling (c. f. Hanf & Noell, 1989). In the model each farm is represented by one farm
agent. In addition to the integration of the direct effects of changing business environments on
farm organisation, an integrated farm sample model allows to incorporate the indirect effects
like the change of land prices in response to modifications of the CAP.

The agents have various options in order to achieve an optimal result under a given business
environment. They can modify their farm type by investing in buildings and machinery, or
disinvesting, lease and rent quota or land, change the applied production techniques and adapt
the management intensity. Not all factors of the business environment are static and pre-
defined in each model run. The 25 farm agents compete for the agricultural land in the study

area and the resulting land rent reflects the endogenous market price for a given scenario. The



land market is included in the model since in the considered region the potential growth of
family farms is mainly limited by the availability of land.

Each farm agent is assigned a farm-type based on the underlying farms endowment with
buildings and machinery. The amount and physical properties of the agricultural land which is
managed by each farm agent corresponds in quality, ownership status and site structure (dis-
tance from the farmstead and size) to the ones of the respective farm. For an appropriate dif-
ferentiation of the agricultural land we divided the agricultural land into seven different cate-
gories based on the plot’s physical properties. Six of these categories concern privately ma-
naged land. Most of the privately managed area is high productive grassland. These stands
can be either grazed or cut. The majority of this type of grassland is currently used four to five
times a year. A slightly less intensive use is possible. Due to legal restrictions or characteris-
tics of the site the less productive stands can either only be grazed or cut at low intensities.
The privately managed grasslands are explicitly modelled, meaning that specific sets of pro-
duction techniques can be assigned to each category, e. g. farm A mows 20 % of the small
low productive plots which are located at a significant distance from the farmstead only once
a year or farm B installs a rotational pasture on 2 ha on the plots in the vicinity of its farm-
stead to feed its dairy cows.

In contrast, the use of the “Allmende” is only indirectly depicted via the entitlements to graze
heifers or suckler cows on them. The reason for this simplified procedure is that the dif-
ferences in the costs and benefits of the different forms of low input grazing, which is the only
technically and legally feasible option for the “Allmende”, are negligible compared to the
ones related to differences in housing system and productive orientation. Each farm agent has
an endowment with grazing right which is equivalent to its current utilization of the rough
pastures. Animals grazing on the pastures have a lower working demand and have a lower
demand on forage produced on the privately managed pastures since they cover some of their
forage demand on the rough pastures. In order to depict the situation prior to the decoupling,
each farm agent receives an endowment with suckler cow quota and milk quota, which is
equivalent to the farm it represents.

Especially in dairy farming systems differences in the “farming style” of the farmers must be
considered to adequately the farmers’ response to policy changes (Gibon, 2005; van der
Ploeg, 2004). In order to depict these differences in “farming style” we use an approach de-
veloped by Roeder (2007). This approach is based on the idea that differences in the observed

“farming styles” are a result of the differences among the farmers in their valuation of im-



puted costs (e. g. capital and labour) and their overall willingness to support agriculture from
other income sources respectively their requested entrepreneurial profit. To depict these dif-
ferences a set of farm specific control variables is calibrated in a way that each farm agent
organizes his farm like its real world counterpart. Farm agents leave agriculture if they cannot
meet their respective goals defined by the control variables. For the modelling we assume that
the farm agent can only choose between discrete, explicit farm types; the production of the
farms has no impact on the prices of the products (small country assumption); and that no
technical progress takes place (esp. milk yield per cow). For further details on the implemen-
tation of the land market, the calibration process, the used technological coefficients and

modelling approach see Roeder et al. (2006) and Roeder (2007).
3.2 Rule based ecological model

For the study we delimit several land use types, which differ with respect to the initial land
use, the initial vegetation cover, the topography, the ownership, the plot size and other geo-
graphic information. In each scenario the spatial allocation of the resulting land use is de-
duced using the distribution and allocation given by the economic model as well as expert
knowledge which is based on plausible assumptions on the behaviour of farmers (e. g. grazing
of dairy cattle only in the vicinity of the farmsteads, less intensive use of the smallest and
most distant plots, preference for mowing on smaller and more remote plots, etc.). Knowing
the current vegetation types and species composition as well as the most likely land use
(meadow, pasture, mowing pasture, fallow) and the utilisation intensity, we determine the
probable changes on the level of EUNIS habitat types using the successional trajectories pub-
lished in Lederbogen et al. (2004).

Since the concept of strata generally reflects directly the differences of the underlying land
use the conversion of the geometries resulting from the economic sub model into ones with
ecological meaning is in most cases straightforward. Using the original area of each stratum
and considering the relative change among these strata expressed by transition matrices cor-
responding to each scenario, the BioAssess results are used to evaluate the relative impacts of
a given scenario on species richness for the selected taxonomic groups. Based on the
methodology and on the results published in Lederbogen et al. (2004), we assess the suitabil-
ity of the different vegetation and habitat structure types in the study area as habitats for the
target species. This information is aggregated at the level 3 of the EUNIS classification. When

a EUNIS-type includes several vegetation or structure types an intermediate value is assigned.



The evaluation of the overall habitat suitability (/) in a given scenario is based on the median
of the suitability scores for the individual species (formula 1). The suitability scores of the
individual species (k;,) are derived from the weighted sum of the area of the suitable habitats
in given scenario. To account for differences in the responsiveness to management changes of
the species scores are range standardized.

I, = Median[ /E,,S,...,E,.,S ];
(kl-,s - Minimum{ kiyseoosk;g ])

with k. . = ;
(1) . Range{ kiyseoosk; j
3
with k; ; = Z a; ;i *v;;
o
1= target species;

scenario (including the reference);

j= Thabitat suitability class (0 = unsuitable, 1 = moderately suitable, 2 = suitable,
3 = very suitable);

aisj= area covered by habitats of given suitability class j for species i in scenario s;

v;= valuation factor of the respective habitat suitability class ;.

3.3 Scenario development and modelling including model specification

In order to assess the impact of the implementation of the Fischler Reform we calculate a ref-
erence (REF) and three scenarios. REF is not a “true” scenario as its ecological evaluation is
primarily based on the collected field data and not like the economic evaluation on the pro-
jections. REF depicts the situation prior to its implementation with coupled payments of the
1** CAP pillar and a comparatively high milk price (Tab. 6). The first scenario (DECOUP)
reflects a situation after the full implementation of the German model. In Germany the pre-
miums are fully decoupled and after 2013 a regional flat rate premium will be paid (BMELYV,
2007). We base our calculations on a target value of 280 € ha™ which is lower than the cur-
rently expected target value of 350 € ha' for Bavaria (BMELYV, 2007), since we include dis-
counts for modulation and financial discipline. In the second scenario (LIBERAL) agricul-
tural commodity markets are liberalized and all public payments for agriculture including
agri-environmental ones are abandoned. While in the third one (AEP) agri-environmental
payments were maintained and set to a level which insures an area wide low input manage-
ment of the land. For the three scenarios we assume that the milk price will drop to 27 ct kg™

and that mulching can only claim the area payment but no other public payment.



Tab. 6. Overview of the assumed prices and transfer payments in the scenarios

Scenario
REF DECOUP LIBERAL AEP
Prices
Milk price” (ct kg™) 35 27 27 27
Quota price? (ct kg™) 60 30 0 0
Beef prices Avg. prices from Prices from Prices from Prices from
2000 to 2004 fall 2005 fall 2005 fall 2005
Direct payments
Area payment (€ ha™) 0 280 0 0
Animal premium (€) Depending on the
) 0 0 0
type of animal
Compensatory payment (€ ha™) 145 145 0 0
Agri environmental payment (€ ha™) 200 100 0 500

Source: Own data
1) average milk prices in Bavaria incl. VAT
2) in Upper Bavaria

The assumptions and coefficients in the economic model reflect a time horizon of 5 to 10
years, since for this period political and technical developments can be assessed with some
confidence and some adaptations with regard to fixed assets are likely to occur on the farm
level. However, in this period land use changes will hardly have any ecological impact on the
MU. Therefore, we base our ecological assessment on the assumption that the projected

changes in the management will last for at least 30 years.

4. Results

The results are presented as follows. First we show the economic results of the scenario cal-
culations using the profitability, the labour input and the farm structure as main indicators.
This is followed by a closer look on livestock husbandry and forage cropping. Then we pre-
sent the impact of the changes in land use on the strata and vegetation types. Finally, we de-

pict the consequences for “EC-habitat types”, biodiversity and target species.
4.1 Economic results for the scenarios and resulting land use characteristics

In the following sections the results are presented, where appropriate, in a twofold manner.
One set of results depicts the wider study area that consists of 25 farms. The other set depicts
focuses on the farms managing the MU.

First, we will have a brief look at some general economic indicators for the whole study area.
DECOUP leads to a roughly 20 % lower labour intensity and short term profitability (gross
margin per ha) of farming compared to REF, while the tenure nearly doubles (Tab. 7). This
rise can be explained by the lower labour demand per ha - and therefore declining labour costs

and the competitiveness of mulching. LIB leads to a collapse of the farm structure and the



land market. In AEP the general economic indicators (gross margin, labour demand and

tenure per ha) have significantly lower values compared to REF.

Tab. 7. Producitivity and tenure in the scenarios (study area)”

Scenario
REF DECOUP LIBERAL AEP
Working hour (Wh ha™) 131 111 5 25
Gross margin (€ ha) 1590 1 240 30 415
Gross margin (€ Wh) 12 11 7 16
Tenure (€ ha'") 82 147 0 13
Source: Own data
1) 25 farms

The REF reflects the current situation fairly well with only one farm being abandoned
(Tab. 8). The farming structure is dominated by medium to small sized dairy farms. The im-
plementation of the Agenda 2003 (DECOUP) has only a minor impact on the farming struc-
ture. Only six farms modify their structure significantly. Four farms will cease farming and
two will conduct mulching as their only activity. In the study area decoupling will affect lar-
ger farms more negatively than the smaller ones. This is due to two reasons. In tendency the
larger farms have a higher share of rented land for which higher tenure must be paid. In addi-
tion their milk yield per ha is higher and consequently the benefits of the additional regional
payment do not compensate the loss due to the declining milk price. All farms in the MU
continue their business without any modifications. Under liberalized conditions (LIB) only
one small farm survives. In AEP four farms operate in the study area. Two of them expand
their acreage and change from dairy to suckler cow farming. One of these expanding farms is

located in the MU.

Tab. 8. Farm specialisation and size in the study area (n=25) (n° of farms in the respective

group).
(n® of farms)
Scenario
Farm type | ot REF  DECOUP LIBERAL  AEP
(n° of animals)

dairy farm
15 6 7 1 1
25 8.5 5 1
40 7 (3) 6(3)

medium dairy / suckler cow farm 15/15' | 1

suckler cow farm
5 0.5

15 1
120 2 (1)



N

maintenance’ -
abandoned - 1 4 24 (3) 21
Source: Own data
1) 15 lots for suckler cows and 15 lots for dairy cattle
2) in brackets number of farms in the MU belonging to this group
3) farms conducting mulching as their only activity

Tab. 9 shows that the regional stock in REF is dominated by dairy cattle which are fed by
fodder from high input meadows and pastures (88 % of the study area’s grassland). Under
DECOUP the livestock numbers are lower reflecting the smaller number of farms. The num-
ber of animals drops because the remaining farms do not expand their business as additional
investments are not adequately reimbursed but the utilisation of existing capacities remains
profitable. The extent of low input beef production declines, since mulching is a very com-
petitive activity inducing comparatively high land rents, which adversely effect in particular
the profitability of low input forms of animal husbandry. The reduced animal numbers are
accompanied by a lower share of high input grassland covering 66 % of the study area while
23 % of the grassland is mulched. Under LIB hardly any animals are kept and over 95 % of
the grassland is abandoned. Under AEP the regional stock reaches 40% of the initial level and
is dominated by suckler cows. High input pastures and meadows cover 50 % of the study
area. The remainder is cut at most twice a year or is extensively grazed. As the farms opera-
ting on the MU are more competitive than the study area’s average the shift towards low input
farming is in the MU under AEP and DECOUP less pronounced than for the study area as a

whole.

Tab. 9. Animal numbers in the study area under the scenarios (in LU)"

Type of animal Scenario
REF DECOUP LIBERAL AEP
Animals using private land
dairy cattle” 690 (156)” 587 (156) 20 (0) 45 (0)
suckler cows? 22 (0) / / 284 (149)
fattening heifers & oxen 47 (1) 27 (1) / 5(0)
Animals using the “Allmende” 72 (13) 59 (13) 1(0) 12 (0)
Total 831 (171) 672 (171) 21 (0) 346 (149)
Source: Own data
1) 25 farms

2) including the heifers for the replacement
3) in brackets LU of the animals in the MU

4.2 Changes in strata and vegetation types (EUNIS)

Under DECOUP the increasing area payments for open pasture induce an incentive to use as
much land as possible (Tab. 10). Therefore roughly half of the land abandoned in REF (stra-

tum 2) will be used and becomes low input pastures (stratum 4). Under LIB the agricultural



use of the MU will cease. Therefore, the strata depending on a management (3, 4 and 5) dis-
appear totally in favour of forests (stratum 1) and abandoned land without shrubs and trees
(stratum 2). Under AEP the most marked change is that about half of the area of the meadows
which were intensively used in REF (stratum 3) will turned into intensively managed pastures

(stratum 5).

Tab. 10. Extent of the strata in the scenarios "-»

Stratum . Area (ha)
label Short stratum definition REF DECOUP LIB AEP
1 Forest, not grazed 49.5 49.5 72.6 49.5
2 Abandoned land 1.7 0.8 166.5 1.7
3 Mown grassland 138.7 133.9 0.0 76.2
4 Low input pastures and meadows 35.6 36.0 0.0 36.1
5 High input pastures 13.7 19.0 0.0 74.7

Source: Own data
1) spatial reference: area of the 3 farms belonging to the MU
2) Strata as defined in Tab. 3

The changes on the level of EUNIS habitat types reflect largely the ones on the strata level.
Under DECOUP wood harvesting will lead to the transition of mixed Abies - Picea - Fagus
woodland into permanent mesotrophic pastures and aftermath-grazed meadows. Under LIB
the expected changes are more drastic since all open or semi-open habitat-types are di-
minishing or disappearing. The intensive grassland types (E2.1, E2.1/E1.7/P-35.12, E2.6)
disappear and develop into anthropogenic forb-rich habitats (E5.6). In addition habitat types
which are characteristic for management boundaries (E5.4, FA.3, G5.2) or depend on exten-
sive management (D5.2, D5.3, E3.4) perish. Scenario AEP mainly affects the grassland habi-
tat types. In this scenario almost half of the improved grassland, (E2.6) are converted into
pastures (E2.1) while half of the wet eutrophic grassland (E3.4) develops into swamps (D5.2)
and parts wet oligotrophic grassland (E3.5) become rich fens (D4.1).

4.3 Ecological consequences of the scenarios

Within the time frame of 30 years the extent of some “EC Habitat types” as raised bogs (type
7110), transition mires and quaking bogs (type 7140) and species-rich Nardus grasslands
(type 6230) will not change, irrespective of the chosen scenario (see Tab. 11). Under AEP
over 4 ha of Molinia-meadows (type 6410) will be included into greater paddocks and be-
come grazed alkaline fens (type 7230). A similar change in management and therefore extent
of “EC habitat type” occurs at a much smaller extent under DECOUP. The flat rate area pay-

ments in DECOUP induce a thinning and clearing of 0.47 ha of wet forests. In addition some



small herb fringes are included in the paddocks. The abandonment under LIB leads to an ex-
pansion of alluvial forests (91E0). In summary, DECOUP shows a small loss in the total area
of “EC Habitat types”, while in LIB this area will increase significantly due to strong increase
of alluvial forests. Under AEP the extent of “EC Habitat types” corresponds to the initial
situation (REF).

Tab. 11. Estimated changes in EC Habitats Directive Annex I-areas in ha"
Changes in comparison to REF (in ha)

REF

Habitat-Type (in ha) DECOUP LIB AEP

* 7110 (Active raised bogs) 0.66 0.00 0.00 0.00
7230 (Alkaline fens) 0.32 0.67 0.00 4.08
* 91E0 (Alluvial forests with Alnus glutinosa and

Fraxinus excelsior) 17.33 -0.47 5.66 0.00
6430 (Hydrophilous tall herb fringe communities of

plains and of the mountain to alpine levels) 0.34 -0.20 -0.34 0.00
6410 (Molinia meadows on calcareous, peaty or

clayey-silt-laden soils (Molinion caeruleae) 5.61 -0.67 0.00 -4.08
* 6230 (Species-rich Nardus grasslands, on siliceous

substrates in mountain areas) 1.16 0.00 0.00 0.00
7140 (Transition mires and quaking bogs) 3.05 0.00 0.00 0.00
Total 28.47 -0.67 5.32 0.00

Source: Own data
* priority habitat-types
1) spatial reference: area of the 3 farms belonging to the MU

The strata’s extent do not differ very much between REF and DECOUP. Therefore, we expect
only moderate changes in species richness for the considered groups (Tab. 12). In LIB,
management (grazing, mowing) of the MU ceases completely and only the strata abandoned
land (stratum 2) and forests (stratum 1) remain. This loss of open managed habitats causes a
strong decline in biodiversity for all regarded species groups which cannot be compensated by
the increase in species richness of the two remaining strata. In AEP, mainly parts of the mown
grasslands are converted into intensive pastures. As the extent of forest remains more or less

the same in all scenarios the projected species richness of this stratum remains unaffected.

Tab. 12. Estimated number of species and exclusive species per stratum and species group
and expected changes under different scenarios

Stratum Estimated n° of

/ species Number of species in relation to the reference (REF)
Species (REF)
Group  total _exclusive DECOUP LIBERAL AEP




Forest

Plants 125 9 [91% .. 100% .. 119%]" [95% .. 105% .. 126%] [91% .. 100% .. 119%]

Lichens 19 5 [79% .. 100% .. 205%]  [84% .. 105% .. 221%]  [79% .. 100% .. 205%)]

Carabids 29 10 [90% .. 100% .. 145%] [97% .. 107% .. 155%]  [90% .. 100% .. 145%)]
Abandoned land

Plants 233 13 [78% .. 87% .. 103%]  [192% ..238% ..331%] [88% .. 100% .. 121%)]

Lichens 9 1 [78% .. 78% .. 133%]  [233% .. 267% .. 689%] [89% .. 100% .. 167%]

Carabids 22 2 [73% ..91% .. 159%]  [159% ..200% .. 359%] [82% .. 100% .. 182%]
Mown grassland

Plants 57 6 [96% .. 100% .. 123%] 0% [91% .. 95% .. 114%)]

Lichens 0 0 n. a. n. a. n. a.

Carabids 38 4 [79% .. 97% .. 163%)] 0% [74% .. 89% .. 150%)]
Low input pasture

Plants 381 4 [87% .. 100% .. 122%)] 0% [87% .. 100% .. 122%]

Lichens 38 6 [74% .. 100% .. 187%] 0% [74% .. 100% .. 187%)]

Carabids 55 0 [67% .. 100% .. 185%] 0% [67% .. 102% .. 187%]
High input pasture

Plants 228 7 [91% .. 105% .. 130%] 0% [110% .. 129% .. 164%)]

Lichens 3 0 [67% .. 100% .. 500%] 0% [100% .. 133% .. 700%)]

Carabids 51 1 [80% .. 106% .. 176%] 0% [98% .. 129% .. 218%]

Source: Own data
1) [lower bound .. average .. upper bound] of the 95% confidence interval

In general, the estimated share and absolute numbers of plant species restricted to one par-
ticular stratum (exclusive species) is relatively small in all stratums. With respect to lichens,
we derive for the forests (stratum 1) and the extensive pastures (stratum 4) high absolute spe-
cies numbers and high shares of exclusive species. This is quite a different picture as in vas-
cular plants, where no species rich stratum harbours a substantial number of exclusive spe-
cies. Looking at carabids, the forests contain the highest number of exclusive species while in
the other strata, especially in the mown grassland and the intensive pastures, we found only
few or no exclusive species. A low share of exclusive species implies that an increase in a
stratum’s extent is unlikely to lead to a higher overall species number for the entire MU as the
additional species for the respective strata were already present in other strata.

The strong increase of the species numbers for all taxonomic groups in the abandoned land in
LIB and in the intensive pastures in AEP must be interpreted with care. In both cases the ini-
tial area is fairly small (1 % and 18 % of the projected area) compared to the projected one
and the sample data at the subplot scale are characterized by large differences (low within
strata similarity) in the species composition due to a high heterogeneity with respect to soil
conditions and exposition.

Tab. 13 shows the habitat suitability scores for the target species and the aggregated values
for the respective scenarios (including REF). The highest score receives AEP while LIB gets
the lowest. DECOUP performs slightly better than LIB. A sensitivity analysis shows that the



ranking of the scenario is stable as long as the valuation factor (v;) increases with the habitat
suitability. The ranking is also not affected if species are excluded from the assessment that
barely react to management changes, i.e. over all scenarios their minimum aggregate area of

suitable and very suitable habitat is larger 80 % of the respective maximum value.

Tab. 13. Standardized habitat suitability scores for the target species” (lgi,s) and aggregated
scores for REF and the scenarios (Is)

Target species REF DECOUP LIBERAL AEP
Apium repens 0.24 0.42 0.00 1.00
Carex canescens 0.00 0.16 0.00 1.00
Cirsium rivulare 0.89 1.00 0.00 0.88
Epipactis palustris 0.56 0.71 0.00 1.00
Eriophorum latifolium 0.56 0.70 0.00 1.00
Gentiana verna 0.28 0.47 0.00 1.00
Menyanthes trifoliate 0.00 0.21 0.08 1.00
Parnassia palustris 0.00 0.21 0.08 1.00
Pinguicula vulgaris 0.72 1.00 0.00 1.00
Polygonum bistorta 0.89 1.00 0.00 0.88
Primula farinose 0.56 0.70 0.00 1.00
Splachnum ampullaceum 0.56 0.70 0.00 1.00
Succisa pratensis 0.68 0.68 1.00 0.00
Sweertia perennis 0.00 0.04 1.00 0.74
Boloria aquilonaris 0.00 0.16 0.00 1.00
Coenonympha tullia 0.76 0.79 0.00 1.00
Glaucopsyche alcon 1.00 1.00 0.00 1.00
I 0.56 0.70 0.00 1.00
Average of k; , 0.45 0.59 0.13 0.91

Source: Own data

vo=0; v, =1, v,=1.01; v; =1.02

spatial reference: area of the 3 farms belonging to the MU
1) 3 animal species, 14 plant species

In particular LIB will have a marked impact on the target species. Not a single target species
will benefit but we expect that especially Apium repens, Cirsium rivulare, Gentiana verna
and Polygonum bistorta will loose at least 80 % of their suitable and very suitable habitats.
Compared to REF, in AEP the extent of suitable habitats for nine species is at least roughly
twice as large. For most of these species the positive effect is due to the introduction of graz-
ing on the 4.1 ha of moist or wet oligotrophic grassland (E3.5) developing into rich fens
(D4.1). The only “looser” in AEP is Polygonum bistorta because 2 ha of moist mesotrophic
grassland (E3.4) develop into swamps dominated by Juncus spec. (D5.3) which are less fa-
voured by this species. For DECOUP we project a slight increase in the suitable area for 12
target species. Nine species of them are promoted because the area of grazed fens is enlarged

by 0.67 ha.



Especially Apium repens shows a strong reaction on land use changes in the MU. In the MU
this species is frequent on open sites and on fresh eutrophic soils with frequent trampling im-
pact by cattle. The creeping marshwort (Apium repens) favours wet depressions in the
‘Allmende’ pastures. Here, the frequency and intensity of foraging and cattle hoof prints limit

competitors guarantee sufficient open soil and time for spreading of this plant species.

5. Aggregated evaluation

Making an overall evaluation of the reference and the three scenarios, one sees first of all that
the impact of the Fischler Reform is fairly limited with respect to all chosen indicators
(Tab. 14). In comparison to REF and DECOUP AEP provides more habitats for the target
species. We project that the extent of suitable habitats for at least nine of them will notably
increase. In addition needed public support in order to maintain agriculture drops by 100 € to
200 € ha'. However, the number of agricultural employment opportunities and the agricul-
tural value decline severely. Regarding all indicators but the extent of protected habitats and
the public costs, LIB performs the worst. In LIB four target species face a significant reduc-
tion of their suitable habitats and the overall diversity of vascular plants, lichens and carabids
declines. The positive result in scenario LIB for “EC habitat-types” can be traced back to the
increase of alluvial forests with Alnus glutinosa and Fraxinus excelsior. Since other areas are
more suitable for protecting alluvial forests this scenario clearly does not fulfil EU nature
conservation targets. The impact of LIB could be dampened if at least for the listed habitats

requiring agricultural land use an adequate payment would be granted.

Tab. 14. Overall evaluation of the Scenarios for the MU

Criteria REF DECOUP LIB AEP
Protected Habitats" 2/3% 3 1? 2/3
Suitable habitats? 2/3 2/3 4 1
Species richness” 12 12 4 172
Public costs 3/4 3/4 1 2
Employment 12 12 4 3
Agricultural added value 1/2 1/2 4 3

Source: Own data

1) Extent of habitats listed in the EC Habitats Directive Annex I

2) 1 := highest, 2 := high, 3 = medium, 4 = lowest rank

3) Due to the strong increase of alluvial forest (see text)

4) Extent and quality of suitable habitats for the target species

5) Species richness of vascular plants, lichens and carabid beetles based on BioAssess results

6. Sensitivity analyses
In order to increase the confidence in the obtained result we conducted several additional cal-

culations in which we tested the impact of some critical assumptions. In particular we were



interested in the impact of the tradability of grazing rights on the utilization of the
“Allmende”, of changing beef prices and of the possibility to increase the per capita milk
yield.

In the presented scenarios the utilization of the “Allmende” declines in the study area along
with the decreasing number of existing farms. If the utilisation rights are tradable at a fixed
price the “Allmende” is used with the initial intensity also in DECOUP and AEP. As only a
small fraction of the regional stock grazes on the “Allmende” this utilization has barely any
impact on the farm organization, farm profitability and the overall land use.

In the years since the implementation of the Fischler Reform one could observe pronounced
fluctuations in the prices for agricultural commodities and in particular beef (see Pop &
Artico 2009, LEL 2009). The beef prices used in this study depict the lower end of the recent
years’ price corridor. A beef prices at the medium to upper end of this corridor leads to sig-
nificant shift towards heifer and oxen fattening in AEP and the minimum required premium
level to guarantee a low input management drops by roughly 50 € ha™. The shift from suckler
cow farming to heifer and oxen fattening systems under a system of high beef prices is due to
the higher beef output per ha of the later. While on the hand higher beef prices stabilize
farming and promote grazing in the area they induce on the hand a stimulus towards intensifi-
cation. This can mean that the stocking density and the number of rotations will increase, im-
plying a higher risk of trampling for smaller species. But more importantly, this intensifica-
tion might be accompanied by measures like draining, fertilization and others which directly
interfere with the habitats of endangered species.

Lower beef prices might on the other hand favour a land-use somewhere in between grazing
and complete abandonment. The area payment assures that the encroachment of shrubs and
trees will be limited. Since the farmers make their profit not by keeping animals but keeping
the landscape open, they will try to realize this goal with lowest possible number of animals.
This implies that the livestock will hardly use areas where predominantly plants of low forage
value grow. This could promote monocultures of tall sedges which out compete smaller and
more light-demanding species. Furthermore, wet places might be less trampled, which de-
prives for instance Apium repens of its establishment niche.

In a third additional calculation the agents were given the opportunity to increase the profit-
ability by raising the per capita milk yield to levels of up to 9°000 kg a™. A strong increase in
the milk production per farm is not unrealistic. A study by Bauhuber (2006, p. 149) shows

that many Bavarian farms have the potential to increase their output by more than 30 % at an



extra cost of only roughly 16 ct kg'. Given this additional option especially the larger farms
expand and intensify their production on the fertile and well accessible plots while the less
productive and more remote sites are abandoned. This change in management will impact the
biodiversity via three different mechanisms (Lederbogen et al., 2004). First, the intensifica-
tion of the more fertile areas affects target species confined to eutrophic wet places like
Apium repens, since the intensification will be likely associated with a melioration of their
habitats (e. g. drainage, fertilization and terrain leveling). Second, in areas with a low fodder
value like forest pastures and mires grazing will be stopped or at least strongly reduced. After
grazing, mowing or mulching ceases in the alkaline fens for a couple of decades, alluvial
forests or tall sedge communities establish. This succession reduces step by step the habitat
quality and the habitat area for many target species, including Coenonympha tullia, Cirsium
rivulare, Gentiana verna and Polygonum bistorta (Lederbogen et al., 2004). Third, the
exclusion of low productive areas like forests and mires from the management and the
probable division of the large paddocks among the owners reduces the structural diversity.
Especially borders between different vegetation units respectively structural types disappear
(Lederbogen et al., 2004). Consequently, populations of animal species decline, which depend
on a high structural diversity (e. g. Tree Pipit (Anthus trivialis)). As the turnover per ha in
dairy farming is notably higher than in beef farming higher milk prices or the abandonment of
the quota regime, implying lower costs of expanding the production, induce much stronger
intensification incentives than higher beef prices.

After the implementation of the Fischler Reform mulching is sufficient to receive the area
payment and became a very competitive form of land use for marginal grassland. In compari-
son to pastoral systems it is characterized by low variable costs a limited labour demand and
does hardly demand any expensive equipment. Using a full cost approach mulching is fre-
quently economically superior to pastoral activities, even if only the later are supported by
agri-environmental payments. If the funds available for agri-environmental measures become
more restricted (CEU, 2005) mulching might further gain in importance. Taking the specific
conditions of the study site, it is quite unlikely that an increasing extent of mulched plots will
negatively impact biodiversity. The reasons are that the privately used meadows are already
very species poor and most of the more extensively ones cannot be mulched since the terrain
and the mixture of trees and bushes and open parts make this operation technically hardly
feasible. If the intensively used meadows and pastures are to be mulched, this could even

promote biodiversity, since mulching is associated with the dismissal of fertilization. This in



turn can lead to a gradual depletion of nutrients from the top-soil, which after decades could
allow the establishment of species favoured by lower nutrient levels, which are the more rare

ones in general.

7. Discussion

The projected changes in the extent of the EUNIS and EC habitats type are in most cases very
small (Tab. 10 and Tab. 11). Taking into account the inevitable uncertainties associated with
the scenario approach, one could argue, whether these changes in the habitat area and conse-
quently in the extent of suitably habitats for the different species must be conceived as negli-
gible or at least as being within the projection uncertainty. However, the derived trends for the
different species under different management regimes fit well to the results of an earlier
analysis for the study area conducted by Lederbogen et al. (2004). This study assessed the
habitat suitability of the different vegetation types at a finer scale including information the
current and projected conservation status on plot level. For this study the management alter-
natives were not intrinsically selected by the model based on some economic rationale but a
restricted set of management alternatives was provided as an input for the ecological model.
Consequently the management alternatives could be much more exactly described (e. g.
stocking density, type of rotation, grazing period, fertilisation, size and layout of the paddock)
than feasible in a model in which agents autonomously select the management system and can
make investment decisions. Especially the change in an area’s conservation status is not pro-
jectable with the approach used here. Changes in the conservation status may especially be
relevant for species with a broader ecological niche like Succisa pratensis and Glaucopsyche
alcon.

The presented approach is capable to depict the impact of changing economic conditions on
the species diversity in high nature value grassland systems. However, it is plagued with some
intrinsic problems related to the assessment of the biodiversity impact of dairy systems. As
shown the impact of dairy farming on biodiversity depends on the overall management inten-
sity and the specific combination of management systems (cf. Tab. 3 for the differences in the
species richness of high input pastures and mown grassland or Ellenberg (1996, p. 784 ff.)).
However, for dairy farms the determination of the most likely grassland management system
(e. g. grazing vs. cutting) is associated with a high degree of uncertainty. First, agricultural
systems are frequently characterized by flat production functions implying that over a wide
range of applied management intensities the economic output remains nearly unchanged

(Pannell, 2006). This holds in particular for the intensity and type of grassland management in



dairy farms if investment options are considered. In dairy farming only 25 % of the variable
costs and less than 10 % of the total costs of Bavarian dairy farming are linked to cash based
forage costs (e. g. Bauhuber, 2006: p. 114 ff.). The calculations for the farms in study area
show in addition that less than a quarter of the farms’ total labour demand is associated with
grassland management while the more than half is linked to the general herd management of
the dairy cows. This implies that especially the long and medium term economic success of a
dairy operation is only loosely related to the chosen grassland management system. Second,
the impact of the dairy farming system in the study area on biodiversity is largely determined
by the chosen feeding system for the replacement heifers. However, the fattening of the re-
placement heifers is a subsidiary economic activity. In addition heifers have compared to the
dairy cows lower requirements regarding the energy content and quality of the forage, the
farmer can choose among a wide variety of different feeding strategies. These strategies oper-
ate on different points on the trade off curve between the age of first calving and the forage
quality (Kirchgessner, 2004 p.400 ff.). Whether the costs induced by a higher age of first
calving are compensated by the savings induced by a lower quality diet depends on the spe-
cific conditions (scarcity of lots for heifers, herd size, herd management, plot structure, agri-

environmental payments, rents, availability of land, seasonal bottlenecks in labour supply ...).
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