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1 Introduction

1.1 The starting point

This study was inspired by the implementation & @erman soil conservation act, which
passed the legislation process in 1998. This soiservation act touches many aspects related
to soil use, including agricultural use as wellwéwer, a closer look at this act reveals that its
impact on agriculture is rather limited. The efféxtsmall because the law refers to non-
controlled standards such as “good technical m&gtiwhich is a description of “proper”
agricultural land use that is specified in a nondjgal sense. Soil scientists involved in the
preparation of the law, proposed options that warther or were more elaborate, such as
legal binding restrictions or subsidies for targetareas (Wissenschaftlicher Beirat
Bodenschutz beim BMU 2000). However, these suggestivere neither further specified
nor implemented in the soil conservation act ahimrespective enactmernts.
These findings gave rise to the idea for a study th
1. analyses the effectiveness of policy options initlyiglementation of soil conservation
measures, which go beyond the “best managementigasic referred to in the
German Soil Conservation Act and
2. describes the influence of property rights anddaation costs on the implementation

process of policies.
This study focuses on the analysis of instrumentsraeasures that can be used to promote
more efficient soil conservation in Germany andegisuggestions for their implementation,
so that the best practice and best policy optionsdil conservation may be found
Soils are seen as a non-renewable resource thds rq@etection from degradation. This
definition is crucial for this study, since it sdtsee focus on the soil erosion process itself
without the distinction of on- or off-site damagkater conclusions in this study confirm that
soils do need protection from degradation in otddulfil the long term demands of society.

! Even to date, after the end of this study, agtiral soil use is not affected any further by this.

2 Parts of this study were achieved during an ingeiglinary, participative research project in Nwastern
Germany (GRANO, “Approaches for a sustainable agftical production: Application for North Eastern
Germany”) that was supported by the German Fedeeakarch Ministry (BMBF). One of the aims of this
project was to develop regionally adapted agrofemviental programmes in a co-operative manner with
farmers, administrative agencies, environmentalastsl other stakeholders through a round table (Agr
Environment-Forum”) (Arzt et al. 2003). Soil congation issues and soil erosion processes wereogpdte

agenda of this discussion process.
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1.2 Theresearch objective

The main objective of this study is to find decisgupport for the implementation options of
soil conservation policies. Therefore, a combinmaté best practices (on-farm measures) and
best policies (instruments) is needed for a moezipe and efficient soil conservation and
erosion control.

The aim of the study is to analyse and discussjuhdical, soil scientific, economic and
agricultural aspects of soil conservation and wppse instrument-measure combinations for
efficient soil conservation. Here, emphasis wasgito both the resource and institutional
economics of soil conservation. From an economiatpof view, the scale on which an
efficient promotion of erosion-avoiding measuresriest adequate (best scale) and which
instruments are best used for their promotion rhasietermined.

Therefore, it was important to develop an appraerimamework for the economic and
environmental assessment of the implementatioroogtiThis framework was derived from
the state of the art of economics and soil science.

The scientific work of this study depends on thesistent combination of soil science and
economic theory for achieving an assessment t@lahows for the evaluation of different
implementation options. The inclusion of new ingtdnal economics allows for the

consideration of transaction cost effects.

1.3 A brief outline of this study

The subject is approached in the following way:eAthe introduction and a short description
of the study region in Chapter 1, Chapter 2 focuseshe relevant soil science aspects. Soil
functions, definitions of soil degradation, currenhditions of soils and further aspects of soil
conservation are described in this chapter. Thed niee soil conservation is briefly
highlighted by a short summary of soil conservaigsues, and the related definitions of this
aspect are given. Soil functions include more thast being an input for agricultural
production. Soil serves also as a habitat for wddand plants, regulates ground water
replenishment, and filters and metabolizes hazardabstances.

Chapter 3 contains approaches on soil conservéition the international to the national
level. The instruments used for conserving and awipg environmental conditions are
discussed based on the general objectives andiglaascof the environmental policy in
Germany. This is followed by an overview of the reatly used instruments in soil
conservation policies. Additionally, further propés of possible policy changes are

described.
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Chapter 4 describes the economic theory that wpkeapin this research topic and sets the
framework for the economic modelling approach. Tolke of property rights, public good
characteristics of soils and the resulting extetieal are discussed. The resulting market
failure can be seen as the justification for a narket coordination of soil use.

However, since the application of pure welfare @it instruments on the promotion of soill
conservation shows some shortcomings in termstaf gieneration and applicability, a way to
face the “coordination” problems of natural resegsrditled “A safe minimum standard of
conservation” (Ciriacy-Wantrup 1963) is therefollestrated. The resulting method is the
cost-effectiveness analysis of the implementatjoiioas of soil conservation policies.

Chapter 5 describes the assessment of soil erasksbased on both the natural conditions
and the characteristics of the cropping practideerfan overview of the available soil erosion
models, the chosen approach, which is an adaptedetdal Soil Loss Equation (USLE)
model, is described. Details are given for the ulytey data used to describe the erosion risk
of a region. The erosion risk of the cropping pgs was analysed based on the application
of a fuzzy-logic model. This procedure allowed fboe provision of specific erosion risk
values for standard and adjusted cropping practices

Chapter 6 describes the design of the bio-econanodel used in this study. After the
description of the selection method for policy ops, the structure of the model and the data
used to describe the agricultural activities ofegion are defined. The reason the applied
model that was used to estimate the effects of amphtation of policy instruments and
measures for soil conservation was chosen is alfmed and justified here. With the use of
a regional linear-programming model, the evaluatbbthe economic and ecological effects
of agriculture was done using the example of aystadion in Northeastern Germany.

Chapter 7 provides the results for a set of scesakRirst, a status quo solution based on the
policy conditions of Agenda 2000 was calculatedshow a starting point solution of the
model and to check the model’s plausibility agathstoriginal data. Based on these results a
new scenario was designed that contained the n@icypchanges that were introduced by
the 2003 CAP-reform. Then, a scenario that appexhche issue from a social planner’s
viewpoint (one with the aim of reducing soil eragiavas analysed, with the assumption that
the social planner has complete information onesion rates for all cropping practices.

As main policy options, three policies were anallybased on the assumption of differing

property rights concerning the right to cause degradation through soil erosion.
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Based on a set of indicators, the cost-effectiverméssoil conservation policies was derived
and evaluated. These results served as the badisefdurther evaluation of policies in the
following chapter.

Chapter 8 opens the scope to the aspects of tnmtiéh economics in soil conservation,
discussing the influence of transaction costs armpguty rights on the success of soil
conservation programmes. After an introductionhaf theoretical foundations of this field of
economics and their implications on policy makiagqualitative comparison of transaction
costs and feasibility concerns on soil conservgbimgrammes is presented. The results of the
analysis highlight the relevance and the dimensadrisansaction costs in terms of the cost of
implementation, control and administration.

Chapter 9 draws some final conclusions on the #imad framework, the bio-economic
modelling approach, the relevance of transactiostscoand, finally, the appropriate

instruments for soil conservation based on theallviegsults of this study.

1.4 Description of the study region

The study region (total surface of more than 20@)kisna mostly agriculturally used area
situated in the administrative district “Uckermarkivhich is part of the federal state

Brandenburg, 100 km north east of Berlin (see Edyr

Prenzlau-West

Uckermark

Source: Regiograph; own presentation

Figure 1: Map of North-Eastern Brandenburg including the administrative district Uckermark and the
study region “Prenzlau-West”

The Uckermark is famous for its hilly landscape,ichhwas shaped mainly by the ice ages
(morainic landscape). In the southern parts ofubkermark, the sandy soils of the outwash
4
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plains that resulted from the melt waters of the-age glaciers can be found.
Environmentally, the selected study region “Premaldest” is typical for the district, with
arable farms, less structural elements and an lgpeiscape to the North, while the Southern
part shows more structural elements, forests ameédrfiarms. The share of land use types for
the study region “Prenzlau-West” and the districkefmark is shown on Table 1.

Table 1: Land use types in the study region PrenziaWest and for the district Uckermark

Area type unit  Prenzlau-West Uckermark
Total area of the region kmz2 208 3058
Arable land % 59.9 50.2
Pasture % 11.2 9.0
Forests % 16.6 22.3
Lakes, Rivers % 2.7 5.1
Special habitats (§ 32) % 7.3 7.4
Others (settlements, infrastructure) % 2.3 6.0

Source: Landesumweltamt Brandenburg (LUA) 2002;destvetrieb fir
Datenverarbeitung und Statistik 2006

Figure 2 shows a land use map of the study regiged on data from the biotope mapping in

Brandenburg (Landesumweltamt Brandenburg (LUA) 2002
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Figure 2: Land use map of the study region PrenzlaWest; based on biotope mapping data
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This region was chosen because it is a “represeatatgion that covers the characteristics
of a region in North-Eastern Germany in terms défregeneity of the landscape, land use and

erosivity, with the advantage of reduced data needs

1.4.1 Natural conditions

The Uckermark region has a yearly average temperatdi 8.4 °C with an average
precipitation of 486 mm per year (ZALF Minchebefip@). Another climatic characteristic
often referred to by local farmers is the lack ainrduring the late spring months (April,
May), the months most important for plant growth.

The soils of Uckermark are roughly divided into eméoamy type soils in the north, which
provide relatively good conditions for agricultuend lighter, sandy soils in the south (GIS-
Data based on Schmidt and Diemann (1981)).

The water supply conditions of the soils seem tady@-problematic. It appears that potholes
(dt. Soellg, a characteristic element of the North-eastermfaa landscape, do create some
problems but only locally in agricultural land uSéhese relicts of the ice age are drainless
water bodies in many fields, with changing watefels that affect the crops grown around
them.

The entire region has a high number of lakes andllsmvers. Although the landscape in
northern Uckermark possesses fewer elements ofcstardscapes than the southern part,
some features could still be found (e.g. pothdhesiges, old tree lined avenues, small woods

along the fields).

1.4.2 Regional economic situation

The metropolitan, urbanized region of Berlin isgyutally an appropriate sales market for the
regional products of the region. However, the Unlak region has not yet developed a
suitable supply for this demand. North of the regies the even less populated state of
Mecklenburg-Western Pomerania that offers only & fgossibilities as a market for
agricultural products. Poland, the eastern neighlbbthe region is seen economically more
as a threat to the local economy than an oppoyturigriculture however, is still an
important economic factor in this region (Regioncan2006).

The unemployment rate is around 25 % in the Ucketrdsstrict. Job opportunities are rather
low. The landscape offers some points of touridtaetions, however the economic

importance of tourism could be further developeddi@nomica 2006).
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1.4.3 Agricultural situation

About two thirds of the district is used for agticwe (Landesumweltamt Brandenburg (LUA)
2002). The more fertile northern parts are usualbyked by crop farms, while the share of
livestock farms increases towards the south assatref less fertile soils and fen pasture
lands (Arzt et al. 2000; Arzt et al. 2002).

The most important cultivated crops are cerealsse®ds and sugar beets. The production of
renewable energy and industrial raw materials @adily the cultivation of non-food
rapeseed reached a high level under the EU-set ssgllations (Landkreis Uckermark 2006;
Ministerium fur Landliche Entwicklung 2006). Depeng on the availability of premia for
energy crops, this level might stay constant ornewerease further. Animal husbandry
comprised of cattle and pigs fell dramatically imrbers since the reunification of Germany
(Bork et al. 1995).

In general, non agricultural income sources (engrism) play a smaller role in the local
farms in comparison to the western part of Gernm({&wsgionomica 2006).

Large scale, not individually owned farm entergsigée.g. corporations, cooperatives) are still
utilising approximately 60 % of the agriculturaliged surface. Individual firms manage only
20 % of the agriculturally used surfaces (privabenpanies manage the remaining 20 %)
(Ministerium fur Landliche Entwicklung 2006).
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2 Soil science aspects

2.1 Soil Functions

The awareness of soil functions is usually centenedhe different aspects of production.
However, there are other functions that are of medavance even though they are not traded
on markets. With increasing scarcity of non-degdadeils, their management is more and
more subject to the ways of regulation, (e.g. laads planning and land use jurisdiction).

By highlighting the different functions of soil,@émeed for soil protection can be underlined.
The German Advisory Council on Global Change (Wissbaftlicher Beirat der
Bundesregierung Globale Umweltveranderungen (WB@®&@H4) classifies the functions of
soils concerning their importance to plants, angnalicro-organisms and mankind as well as

for the balance of energy, water and matter asvdl(Table 2):

Table 2:  Different aspects of soil functions

Function German term Example

Habitat Lebensraum Habitat for animals and plants

Regulation Regelung Regul_atlon of thermic, hydrologic, physical and
chemical processes

Use function Nutzung Saoll |t§elf can be _used for the production of bini¢d
materials (e.g. bricks, tiles etc.)

Production function Produktion Production asset in agricultural production

Spatial location function Trager Soil carries buildings, streets etc

Information function Information  Soil contains information about pre(-historicalpats

Cultural function Kultur Soils are a part of the cultural heritage of a ¢guar

landscape (e.g. Loess regions)

Source: Wissenschaftlicher Beirat der Bundesreggfslobale Umweltverdnderungen (WBGU) 1994

Hannam and Boer (2002) provided a more detailednsany of soil functions. Their three
main functional groups are natural functions, aaltdunctions and land use functions, with
further subgroups (see following box).

Both definitions contain functions related to profilon, (land) use or spatial location of any
construction and development. These functions aostlgn used to generate income. In
contrast, parts of the natural functions and thikul functions do not usually generate
income, but are, nevertheless, important for tmetioning and survival of any society. The
differing valuation of these functions is one oé tbauses of the mismanagement of a natural
resource (see chapter 4.4.2).

Degraded soils cannot or can only partly fulfilethforementioned functions. Therefore, the

importance of viable soils is not only a focus I fproduction function for food and fibre

8
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(world food problem), but also a crucial conditimn maintaining global biodiversity and for

preserving the cultural heritage of societies. Megraded soil is the basic condition for

globally sustainable development.

Natural functions

Cultural functions

Land use functions

Source: Hannam and Boer 2002

Soil functions

Soll is the basis of life and living space for hurtsaanimals, plants and
micro-organisms.

Soil is a fundamental element of nature and larusca
Solil is part of the ecological balance, particylawith its water and
nutrient cycles

Soils provide a filtering, buffering and transforma activity, betwee
the atmosphere, the ground water, and the planércqarotecting th
environment and especially humans through the gtiote of the food
chain and the drinking water reserves

Soils are used for agriculture and forestry to poedbiomass
Soils are biological habitats and gene reserveghntarger in quantity
and in quality than all the above-ground biomasses

—

D

Soils are a geogenic and cultural heritage, whicmfan essential part of
the landscape in which humans live, and
which conceal paleontological and archaeologic&brimation of high
value for the understanding of the history of earld humankind

Soils serve as a spatial base for technical, im@listnd socio-economic
structures and their development

Soils are used as a source of raw materials

Soils are a location for agriculture, including fpgss and forestry

2.2 A definition of soil degradation and its different aspects

The proper functioning of soils is threatened byl slegradation. The definition of soil
degradation given by the German Advisory Council Global Change (WBGU 1994)
describes dnthropogenic soil degradation as permanent andeversible structural,

functional changes in soils or their complete lbgsng caused by human induced physical,

chemical or biotical stresses that exceed the redng capacity of the soil systeins
(Translated by the authorSchachtschabel et al. (1992) defined soil degi@uin this case

soil erosion) as “a natural process on many sitesasth but globally, it is aggravated or even

caused by the human use of soil” (translated bwathbor).
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Bridges et al. (2001) listed a group of intrinsactors for soil degradation, among them the

influences of climate, terrain, vegetation and biedsity and in particular, the soil

biodiversity characteristics. However, the rate lmiman induced soil degradation is

determined by other causes. Bridges et al. (2084¢ribed these forces as:

The biophysical (land use and land managementudimay deforestation and tillage
methods);

Socio-economic (land tenure, marketing, institusiancome and human health); and
Political forces (incentives, political ideologyhat influence the soil degradation

processes.

Oldeman et al. (1990) distinguished five causataaivities of human induced soil

degradation:

Deforestation and removal of the natural vegetationusually for the reclamation of
land for agricultural purposes, commercial forestrpad construction, urban
development etc.

Overgrazing; both the effects of removal or destruction ofetatjon and trampling
by livestock cause damage to soil cover, whichagases the risk of water and wind
erosion. Compaction can also be increased by tiagpl

Agricultural activities can cause soil degradation through improper managem
practices such as insufficient or excessive usterizers, shortening of the fallow
period, poor quality irrigation water, absence afti-®rosion measures, and
inappropriate use of heavy machinery.

Overexploitation of vegetation for domestic usés seen when vegetation is used for
fuel wood, fencing, etc. Even though the vegetatfonot completely removed, the
remaining vegetation does not provide sufficiemt@ection against soil erosion.
(Bio-)industrial activities lead to the chemical and physical pollution of sotlausing

soil degradation processes.

For further descriptions of degrading processesHamnam and Boer (2002).

The natural condition of soil can be more or lessilg changed by the fore-mentioned factors

and the rate at which it degrades depends on theemrce of the human activities. Therefore,

the rate of degradation is firstly the result o thatural conditions of the whole soil system,

which is hardly changeable, but secondly the reduttuman land use. Land use affects soils

and is the result of management decisions thath@mselves dependent on a framework of

socio-economic and political conditions (see FigRixe

10
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Economic and social conditions create new inceatasgd driving forces for changes in land
use that can result in higher rates of soil degradaShort-term incentives such as famine or
non-sustainable, fast growing economies can inersas degradation to a level that goes far
beyond any recovery rate. Certain types of aguicaltland uses are considered among the
most important human induced driving forces of sdégradation (e.g. soil erosion)
(Boardman et al. 2003). Therefore, finding waysinfiluence land use can be a very

successful option for reducing soil degradation.

human health

socio-economic factors
institutions

wealth
crop selection

@ | tillage methods |

| political forces |

| political ideology |

| land tenure systems |

=

| grazing intensity

| livestock system | @nd land ma

deforestation

-

rate of soil degradation

1t

natural characteristics

| soil biodiversity |

climate

| primal vegetation |

terrain

Source: own presentation; based on Hannam and 282

Figure 3: The influence of natural characteristics socio-economic factors and land use on soil
degradation

So far, it can be stated that soil degradatiorifitsdike “a natural process on many sites on
earth, which is globally aggravated or even caumsethe human use of soil” (Schachtschabel
et al. 1992). It only becomes a perceived probldmemit exceeds levels that are no longer
sustainable and jeopardizes the development anbilitjaof a society. Nevertheless,

degradation processes do increase the risk ofeirséve losses of soil functions for the future

generations.

11
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2.3 Current conditions of soil degradation

Soils and their related viable functions are glbbdhreatened by degradation through
desertification, overuse, hazardous wastes and esoion by wind and rainfall. The
fundamental survey in the “Global Assessment of Howimduced Soil Degradation”
(GLASOD), which is still the only globally realisestudy on soil degradation showed that
soil degradation is a threat to almost all coustrie this world (Oldeman et al. 1990).
According to this study, 1,964 M Hectares of largghresenting 15 percent of the world’s land
surface, show signs of degradation. Water erosgomthé most important factor for soll
degradation, causing 56 percent of the degradds worldwide, followed by wind erosion
with 28 percent. Table 3 gives an overview of tyy@et of soil degradation and the surface

being affected by it globally.

Table 3: Human-induced Soil Degradation for the Wold, expressed in million hectares

Degradation classes (million hectares) Percent
Type of degradation Light Moderate Strong Extreme Total
Loss of Topsoil 301.2 454.5 161.2 3.8 920.3
Terrain Deformation 42.0 72.2 56.0 2.8 173.3
WATER 343.2 526.7 217.2 6.6 1093.7 55.6
Loss of Topsoil 230.5 213.5 9.4 0.9 454.2
Terrain Deformation 38.1 30.0 14.4 82.5
Overblowing 10.1 0.5 1.0 11.6
WIND 268.6 253.6 24.3 1.9 548.3 27.9
Loss of nutrients 52.4 63.1 19.8 135.3
Salinization 34.8 20.4 20.3 0.8 76.3
Pollution 4.1 17.1 0.5 21.8
Acidification 1.7 2.7 1.3 5.7
CHEMICAL 93.0 103.3 41.9 0.8 239.1 12.2
Compaction 34.8 221 11.3 68.2
Waterlogging 6.0 3.7 0.8 10.5
Subsidence organic soils 3.4 1.0 0.2 4.6
PHYSICAL 44.2 26.8 12.3 83.3 4.2
TOTAL 7490 9105 2957 93 19644
Total Percent 31 464 151 05 100

Source: Oldeman et al. 1990

The rather out-dated data of GLASOD have led toptiogection of a newer global approach
“Global Assessment of Land Degradation and Improx@ih(GLADA), but the project is
still in the stage of development, so no data tsayailablé (ISRIC - World Soil Information
2006).

% Last update of websiter14/2007
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A report on the environmental indicators of agricté published by the OECD (2001)
analyses soil erosion using two main indicatoisk of soil erosion by water and wind. This
report stated that the condition of soil qualitys hgotten better in the past years in some
countries, ever since the adoption of conservatimh no tillage systems, which have led to a
reduction in the run-off values. Nevertheless,dertain OECD countries, more than 10 per
cent of their agricultural land fall within the kiglass of high/severe risk (OECD 2001).
According to the OECD report, other aspects thatabese the quality of soil are acidification
and sodification of soils, salinisation of soilsjlscompaction, reduction in soil fertility and
the increase in chemical and heavy metal pollutiosoils.

As stated in the same report, “water erosion isicguconsiderable damage to soil fertility
and ecological functioning in East Germaiofe: where this study focuses empiridalbut
the German Soil Protection Act (see Federal Mipidor the Environment 2003a) is
beginning to address the problem”(OECD 2001). Ohéhe objectives of this study is to
investigate whether the German Soil Protectionidctally addressing this problem.

The report “Soil erosion risk in Europe” (Grimmadt 2002) found high erosion risks in the
Mediterranean region due to the climatic conditiofidong dry periods followed by heavy
bursts of erosive rainfall that fall on steep skopdgth fragile soils. The Northern parts of
Europe are less prone to such high erosion ratedaalimatic differences, but regions with
hilly landscapes such as the example region ofghidy can have considerable rates when
inappropriate cropping practices are applied.

In the German federal state of Brandenburg, whkee eéxample region of this study is
situated, medium to high risk water erosion isnmeated for 6 percent of its agricultural
surface (Matzdorf and Piorr 2003) when the spaihparison method VERMOST is used
(Deumlich et al. 1997). This method does not previdormation on the amount of erosion in
the region, but rather a way to compare local pness to water erosion. The mid-term
review report of the Brandenburg agri-environmemt@gasures (Matzdorf et al. 2003); also
Appendix Map M2-5, p. 4) showed a concentratiorm&dium to high erosion risks in the
North-Eastern part of Brandenburg, underlining theterogeneity of the water erosion
problem. An extreme number was given by Frielinghaual. (1997), who reported erosion
rates of 170t/ha from single events of strong eisfduring periods of low soil coverage.

As shown in Table 3, soil degradation takes on mianys. In this studysoil erosion by
water as one form of soil degradatiorwill be the main topic because of the area aftkate

the test region and the amount of soil that calosiethrough a single event of heavy rainfall.
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2.4 Definition of soil conservation

Definitions of soil conservation “which tend to bechnocentric” (Hannam and Boer 2002)
are abundant and mostly similar. A typical defonitis:
“The prevention, mitigation or control of soil erms and degradation through the application
to land of cultural, vegetative, structural anddananagement measure#ther singly or in
combination, which enable stability and producyiviit be maintained for future generations
(Houghton and Charman 1986; cited from Hannam aoet B002).”
Usually soil conservation is understood as the @mgntation of agricultural measures on the
field level (e.g. contour ploughing, reduced tikagerracing). However, soil conservation
comprises also steps at the political, economic jandical levels, given the fact that the
main driving forces are created on these levelsaf@man et al. 2003; Bridges et al. 2001;
Hannam and Boer 2002).
The International Board for Soil Research and Managnt (IBSRAM) (1997) defines
sustainable land management as “land managemetdgnsy/shat combine technologies,
policies and activities aimed at integrating soeo@nomic principles with environmental
concerns to satisfy the five pillars of sustainatded management.” These pillars are
(IBSRAM) 1997):

* maintain or enhance production,

* reduce the level of production risk,

» protect the potential of natural resources andgmethe degradation of soil and water

quality,

* be economically viable and

» achieve social acceptability.
Morgan (1981; cited from Hannam and Boer 2002)rakefithe aim of soil conservation as
obtaining the maximum sustained level of productiomm a given area of land whilst
maintaining soil loss below a threshold level whibk said, theoretically permits the natural
rate of soil formation to keep pace with the rdteal erosion.
This definition contains two specific aims that deused in an economic analysis. One is to
find along term maximum level of soil utigat is not threatened by over-exploitation and
nutrient mining. The other contains the idea d@hi@shold rate of soil user depletionthat
can be adjusted to the natural rate of soil foromati
How these concepts are transferred into and usestonomic theory will be taken up in

chapter 4.
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3 Policy Approaches for Soil Conservation

3.1 International efforts

The protection of soils is of great importance tlgioout the world. The number and quality
of valuable soils are becoming more and more scantk degraded by soil erosion and
uncontrolled land consumption (Wissenschaftlichexir&® der Bundesregierung Globale
Umweltverdnderungen (WBGU) 1994). The “Brundtlamdport stressed the need for
sustainable development that include the preverdfdinrther soil degradation as well (The
World Commission on Environment and Development7)98

In North America, soil conservation research angm@sion services have played a dominant
role since the 1930s after the effects of non-sumde soil use in the prairies was
experienced (Furtan and Hosseini 2003).

Hurni (2003) described the history of soil conséora attempts at the international level
starting in the 1970s. Numerous workshops and mgethad been held addressing soil
erosion and land degradation at the internatiomat!l Organisations like FAO, WASWC,
IBSRAM (now IWMI), IUSS and ISRIE were involved. Some projects for assessing the
global effects of soil degradation such as “GloBalsessment of Human-induced Soil
Degradation” (GLASOD, continued through GLADA) (I8R- World Soil Information
2006), which showed that soil degradation is aahite this resource in almost all the
countries of the world (Oldeman et al. 1990), watggted. Another project that assesses soll
degradation is SOTER (Soil and Terrain Digital baise), a joint program organized by
ISRIC, FAO and UNEP The WOCAT project (World Overview of Conservation
Approaches and Technologies) was started in 19@2rasult of the 7 ISCC conference to
improve the information on tools and approachesarconservation on the global level. For
further international projects addressing soil emnation see (Hurni 2003).

Another approach by the scientific community to ty set soil degradation on the
international political agenda was the agreementatgoncept of a convention for the

* FAO (World Food and Agriculture Organisation), WM& (World Association of Soil and Water
Conservation), IBSRAM (International Board for SBiésearch and Management), IWMI (International \Wate
Management Institute, Sri Lanka), IUSS (Internaiotnion of Soil Science), ISRIC (International Soi
Reference and Information Centre, Wageningen, Téthétlands)

® (UNEP) United Nations Environment Programme

® (ISCO) International Soil Conservation Organisatio
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protection of soils, which requests national gowsnts to place soil conservation on a legal
basis (Held and Kimmerer 1997). The influence ahsaiconvention is still discussed among
politicians and scientists, but the need for mdfigient soil protection measures cannot be
denied (Hurni 2003).

Hannam and Boer (2002) stated in a report by tt@NUEnvironmental Law Centre the poor
recognition of the need for internationally moreding soil protection, and emphasised the
importance of an international legal framework &dphavoid further global soil degradation.
They postulated the need for ecological soil corst@n standards or norms for ensuring
sustainability. Although erosion is a problem wétlvery local physical impact, the effects of
eroded and degraded soils are of internationaVaelee. This means, actions are needed on a
regional, national and international level. On tbgional level, measures and programmes
that are adapted to local conditions need to beldped to provide effective soil protection.
On the national level, a soil law should set trgaldundaments for these regional measures.
However, both national and regional laws will net implemented without an international
treaty or convention, which sets equal binding déads for all signing states and avoids
competition for the least restricting legislation.

Since soil degradation as a problem shows its &sfi@ore in the long run, politicians will be
tempted to base their decisions on short term derstions to be re-elected (Buchanan et al.
1980). A sustainable soil conservation policy thladws its effects only in the long run, but
which places restrictions on farmers in the shornt while decreasing their competitiveness
on the world market, will not be very popular. Haxwee when embedded in an international
agreement, a soil conservation law is more likelyntediate the objectives of farmers,
politicians and soil scientists. These agreemeatg among non-binding instruments (e.g. the
Rio Declaration on Environment and Developm&892), binding instruments (e.gnited
Nations Convention to Combat Desertificatib®894) or non-government initiatives such as
the proposal for theConvention on Sustainable Use of Sdildeld and Kiimmerer 1997).
Looking at the huge number of organisations invdliresoil conservation world-wide, there
does not seem to be a lack of knowledge and rdsedicated to the conservation of soils
world-wide. Hurni (2003) stated that a gap stilistx between research and stakeholders like
farmers and farm extension agencies that has tdilled with local agendas, so that
technological knowledge and the awareness for meostainable land management can be

transferred from research to land users.

" (IUCN) International Union for Conservation of Na¢ and Natural Resources
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It is questionable whether a mere global approachiiher the scientific or political level will
improve the management of soils. Nevertheless,etlp@sjects can set a framework for
national, regional and even local approaches torom® sustainable land use by setting
binding goals for action (Khan 1993). Environmeni@al is an essential component for
setting and implementing global, regional, and aoratl policy on the environment and
development.

On the EU-level, soil conservation had been thgesttof a non-binding instrument since
1972, when the Council of Europe adoptdeuaopean Soil Charteas a part of the attempt to
stop the steady deterioration of land in Europenftdéan and Boer 2002).

In 2002, the European Commission published the cenmation “Towards a Thematic
Strategy for Soil Protection” (Commission of thergpean Communities 2002). Since then,
several EU-working groups have developed a legahéwork that assures the protection of
soils from their major threats. A wider overview sail related policy activities on the EU-
level is shown in Kraemer et al. (2006). The findjective of the strategy is a framework
directive that was designed similar to the watamfework directive.

This thematic strategy was passed by the Europeamn@ssion in September 2006,
instructing the member states to monitor soil cbods in their countries and to set-up
measures to counteract harmful effects of soil aggion (Commission of the European
Communities 2006). However, the first attempt tacte a political agreement on the draft
directive for establishing a framework for the gaiton of soil did not attain a qualified
majority in the European Council meeting of the Miers for the Environment in 2007
(European Council 2008b).

Excursus: a comparison between North America and Bwpe
North American soil conservation strategies (ehg. Conservation Reserve Program (CRP))
have been more targeted and focused on the prewmenitioff-site effects as compared to the

European approaches (Plankl 1999). European sodetvation efforts are focused mostly jon

the prevention of erosion in general without thesideration of where the damage occurs| So
far, only a few European environmental programmasehtargeted soil conservation
measures to specific erosion prone areas (e.g.hN®hine-Westphalia (Hartmann et al.
2006)). To some extent, the European legislatitegenostly on the proper management of
resources by land users, e.g. as pointed out isdih@rotection act (Federal Ministry for the
Environment 2003a). Financial incentives for theo@tbn of conservation practices are
usually available to all farmers of a region foagens of fairness (Hartmann et al. 2006);
(Huylenbroeck and Whitby 1999). Furthermore, saibseon problems in Northern and
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Central Europe never reached such extremes setfre iNorth-American Prairies (Masutti
2004).
The differences may lay in the history of soil @oosproblems: farmers were faced with huge
problems in the North-American Prairies, when seibsion by wind and water was
threatening both farmers directly and society ieclly through the loss of future food
resources (Furtan and Hosseini 2003). The problemes as an individual problem that
turned into a problem for the society, which justifthe grounding of intensive research and
extension (Furtan and Hosseini 2003; Masutti 200dter years of farm extension on soll
conservation in North America (Furtan and HossélD3; Popp et al. 2002), society
continues to concentrate on the off-site effects]erthe on-site effects are left to the decisjon

of the farmer, who decides on the more or lessasuile use of his property (Crosson 1984).

3.2 National legal approaches for soil conservation in the example of the
German environmental policy

The use of soils is usually regulated at the natitevel. In most countries, the aspects of soil
conservation are usually covered under specificsldéiat are not aimed directly at soill
conservation. The use of soil or land is ratheulatgd so that specific aims may be achieved
(e.g. nature conservation) or property rights ampoigntial users may be regulated. Hannam
and Boer (2002) listed potential soil use regutataws as follows:

* land administration,

» pastoral land management,

* maintaining of biodiversity,

* conservation of native vegetation,

» forest law,

* environmental protection,

* environmental planning and assessment.
In order to give a clearer picture of the situatioiGermany, the German legal approaches on
soil conservation are described in the followingeTgeneral objectives and principles of the
German environmental policy are first highlightesince they serve as a guideline for
environmental policy making. Then, the instrumeniftsenvironmental policies in Germany
are shown. The current instruments for soil coretesm in Germany are then illustrated
based on this. The chapter closes with a briefrgesm of the shortcomings of this legal
system in relation to soil conservation, arguedifia! the different sides.
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3.2.1 General objectives of environmental policy
In the Federal Republic of Germany, the environ@epblicy is based on three main
objectives. Firstly declared in a governmental smvinental programme in 1971, the
environmental policy comprises all measures neddatdeet the following three objectives
(Storm 1988):

1. ensuring an environment for people, which meet# theeds for health and a

humane existence,

2. conserving soil, water, air, fauna and flora froanrhful effects of human impact,

3. eliminating damage and harm from human impacts.
By referring to human activity and interest in #lree objectives, it is underlined that
environmental conservation is seen from an antluemic point of view, which sets
conservation in relation to the maintaining and rioying of human welfare in the broadest
sense. Nevertheless, conflicts between concurrinjgctives like agriculture and nature
conservation will always be common and will needbéosolved through the evaluation of the
individual case (Storm 1988).

3.2.2 Principles in the German environmental policy
In order to achieve the objectives of the Germanrenmental policy, three main principles
will need to be applied (Freshfields 2003; Storr88)9

3.2.2.1 The principle of precautiorMorsorgeprinzip

This principle aims at avoiding any damage befdreeven occurs through preventive
measures and regulations. By applying this prircglstainability can be ensured, as a pure
reactive approach will only regulate liability aftthe damage has occurred and precious
resources irreversibly destroyed. This principlefi©igh importance in the soil conservation

legislature, because soil degradation can onlebersed with huge efforts.

3.2.2.2 The polluter pays principléMerursacherprinzip

The polluter pays principle is used as a meanfidoade the costs of environmental effects of
any human action, but it is not yet an allocatidnttee total liability. Any person, who
endangers, pollutes or causes damage to the emerdnis held liable for the costs of
avoiding the damage and the clean-up. Exceptiansnade when economic distortions occur
or when the polluter cannot be tracked down. Irs¢hcases, the public would be responsible
for paying for the damage. For soil conservatids fgrinciple is a crucial point: most of the

EU-countries hardly apply this principle when inoes to off-site damages from agricultural
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fields (Boardman et al. 2003). On the contrarys thiinciple is often applied when soils are
contaminated by industrial uses.

3.2.2.3 The co-operation principl@ooperationsprinzip)

This principle sets the directions of how the statd society should interact in environmental
policy, as long as existing laws do not interfefée involvement of stakeholders should
assure better decision quality in environmentalassand prevent future claims by persons
affected by the planned activities. Participatisagesses are common in any big transaction
or investment with a possible impact on the envitent. In soil conservation, approaches
such as incentives for less damaging agriculturaictces could be grouped into this
category. Even though the polluter pays principtelld be applied, the existing set of
property rights allows farmers to use their sodsading to good technical practice, which
includes a certain amount of erosion (see chap®r Therefore, farmers and the community
agreed in a type of voluntary process to negotata new level of soil erosion.

An additional aspect in policy making is seen ia tption of establishing laws that are valid
without restrictions or laws that are based on islidnsty, which means that the law is only

applicable, if no other law already regulates {hectfic case.

3.2.3 Juridical Instruments of environmental law in Germany
Schmidt and Miller (1992) listed the instrumentsikable for the management of natural
resources in Germany. These are:
* Planning instruments
* Instruments of regulatory lawOfdnungsrecht such as preventive and repressive
prohibitions
» Environmental impact assessmddirweltvertraglichkeitsprufuryg
» Fiscal instruments such as subsidies, taxes amesdut
These instruments are discussed in the contextedf applicability to improvement in soill

conservation.

3.2.3.1 Planning instruments

Most of public or private investments are accomeariy an obligatory planning process (dt.
Fachplanung by public and private planning agencies, (e.gisledbuilding or construction of
new processing plants in industry). During thisgess the possible conflicts with all relevant
laws are investigated before any development camb®nly when this process proves that

there is no violation of any law or regulation, cdre actual construction begin. The
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instrument of urban land use planning @auleitplanung must also consider the effects on
the environment.

Furthermore, environmental conservation is prombted more general spatial planning that
is based on the regional planning act Rilumordnungsgesegtzlhis law sets the guidelines
for zoning in urban and rural areas based on ecandeveloping objectives and priority
setting for the construction of public infrastruetyprojects like schools, roads etc. Among
other things, the goal of environmental issues sdedbe taken into account in order to
protect valuable sites from destruction or detation.

The relevance of planning instruments in soil cove#on in agriculture is limited. Some
importance is seen in the zoning of certain areaallow only certain crops or cropping

practices.

3.2.3.2 Instruments of regulatory law
Administrative rules (dtOrdungsrechtallow public agencies to influence the environtaén
effects of most economic and private actions. Thera long list of instruments that are
usually applied:

1. registration and report obligations (&hhmelde- und Anzeigepflichjen

2. disclosure obligations (dAuskunftspflichten

3. security obligations (dSicherungspflichten

4. preventive and repressive prohibitions Ritaventive und repressive Verbpte

5. injunctions (dtVerfiugungeh
Agriculture is subject to many of such instrumengest management (PAV 2006),
construction of agricultural buildings, manure afedgttilizer use (DUV 2006), which are
regulated by such guidelines. So far, soil use mats been directly addressed by such
instruments. However, soil use is indirectly aféetby them. One possible option of using
such an instrument is to implement certain soilseoving practices through the law, or to
legally make farmers report off-site damages, adrisady outlined in the soil protection act
(Federal Ministry for the Environment 2003a; Fetldtaistry for the Environment 2003b).

3.2.3.3 Environmental impact assessment

Certain projects may even call for a special Emnmental Impact Assessment (EIA) (dt.
Umweltvertraglichkeitsprufur)g with specific regulations on how the impact one th
environment is to be evaluated (e.g. power stati@hemical plants, railway tracks or
airports). This regulation is based on a EU-guigelihat demands the application of this
instrument in all member countries within a thresaryperiod (art. 12, European Council

2003). The applicant has to provide information tbe possible impacts of the planned
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project that will be evaluated by the authorityrthermore, a public hearing is required in
this procedure. Finally, a comprehensive reporttlef environmental effects has to be
published. Soil conservation on agricultural fielusvever is too decentralized to be subject

to such an assessment.

3.2.3.4 Fiscal instruments

German law also allows the use of economic instnisméor influencing environmental
behaviour. Depending on the objective, a subsalky, dr a duty is applied for, the instruments
can be structured as follows (Schmidt and Mulle32; Btorm 1988):

Environmental taxes and subsidies Taxes can be used to decrease the use of scarce
resources or to internalize negative external effeas the increasing price of production will
decrease the use of the natural resource. Subsitheseen as a negative tax offered by the
government to enforce economic activities that waudt occur or at least not at the wanted
level without this financial transfer. While taxase more or less uncommon in the European
agri-environmental policy making, subsidies areesgglread for the promotion of agricultural
activities demanded by society. Examples are tduatons for cars with lower exhaust gas
pollution, or differing taxes on hydrocarbon fu@tsaccordance with their pollution effects
(e.g. unleaded fuel).

Environmental duties: Duties are used to either steer the use of ressum a more
sustainable way (guidance duties) (dtnkungsabgabénor as a compensation for damage
done to the environment (compensation duties)AdsgleichsabgabgnDuties can be seen
as a fee that has to be paid for the use of a resou

Both these instruments (taxes and duties) creatsdime economic effect because both will
increase the price of the resource and will at ¢he decrease the consumption of the
resource. The difference between taxes and dugidmsed more on legal reasons and the
purpose the money is used for. According to thallégfinition, taxes have to create at least
to a certain degree public income and do not entile taxpayer to claim for any
governmental action in exchange. By contrast, dutiee seen as a compensation to a legal
body for efforts in waste clean-ups or damageblécenvironment.

Both instruments are of increasing importance engalitical process, leaving the methods for
damage reduction to the knowledge of consumerspandiucers trying to avoid the costs of
pollution. However, governmental regulation and toon still plays a major role in
environmental conservation (Freshfields 2003).

Standard taxes for soil degradation have not bessd un soil conservation. However,

subsidies for soil conserving practices are usadneonly in agri-environmental programmes
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(Hartmann et al. 2006). Furthermore, the conceptrobient taxes for non-point source
pollution such as from soil erosion had been disedsn the economic literature (Segerson
1988). This tax is imposed on all possible pollsitef a given area, irrespective of the
individual pollution. Economic theory shows thattkua tax can reduce pollution even if

producers with high pollution levels are not idéatl.

3.3 Currentinstrumentsfor soil conservation in Germany

3.3.1 The German soil protection act
Soil use in Germany is regulated through a mulétodl laws and guidelines from different
categories as follow:
. the fertilisation regulationQiingeverordnung)DuV 2006), which controls the use of
manure and synthetic fertilisers on agriculturaitg|
. the guidelines for the execution of Good TechniPaactice in pest management
(Pflanzenschutzverordnup@PAV 2006)
. the general principles of good technical practitagyicultural land use, which have not
been legally specified except under the above atignls DV and PAV and
. the Federal Soil Protection Act (Federal Ministoy the Environment 2003a), which
was implemented in 1998.
Soil and legal scientists had stated the needdibpsotection based on an independent law
before the implementation of the soil protection, &s the pressure on soils from human
activities had created demands for preventive nreasn soil protection (Wissenschatftlicher
Beirat der Bundesregierung Globale Umweltverandgean(WBGU) 1994). It was argued
that this goal could be better achieved with thip loé a specific soil conservation law than
with a patchwork of singular laws aimed at spea@spects of land use (Landel et al. 1998).
Finally, after years of discussion at scientificdapolitical levels, a federal German soil
protection act (Federal Ministry for the Environh&9®03a) was brought on its way and
finally passed in the federal legislatidBuphdestayyjon March 1 1998. The case for and the
aim of such a law was nevertheless doubted thraughe discussion process. Critics of the
specific soil conservation act stated that soitgution is still better achieved through several,
specific laws that already exist, whereas advodaatése law demanded a more binding frame
law that emphasises the importance of soil pratacind conservation.
According to Landel et al. (1998), the legislatbhave two main objectives:
» the establishment of precaution aspects in thealailed legislation and

» the harmonisation of residual waste legislation.
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The law passed encompasses elements of prevemtoergency procedureprécaution
principle) and restoration/clean-up of polluted soiml{uter pays principlg (Landel et al.
1998), showing two of the aforementioned princippésGerman environmental legislation
with elements of cooperation being less implemefged Chapter 3.2.2). The law is based on
subsidiarity, so other laws that already reguldée $pecific cases are given priority. This
restriction had to be made, since there are alreatbfing specific laws concerning solil (e.qg.
regulation of herbicide use or hazardous wasteabege). The law is accomplished through
an ordinance that guides the administrator in ge af the law and sets threshold values for
the contamination of soils (Federal Ministry foetBnvironment 2003b). Therefore, the saill
protection act sets the frame for the instrumehtegulatory law (see Chapter 3.2.3.2).

The soil protection law aims at the avoidance of aarmful deterioration of soils and
regulates the legal effects of hazardous substemmgmination. The law is not aimed at the
restoration of soils to its almost natural staber tunctions listed in the law include also the
use function for production. It however sets limda uncontrolled use of this natural

resource.

3.3.2 The role of agriculture in the Soil Conservation At and other regulations
A separate article of the law is dedicated to adjice, describing how agricultural practices
should be accomplished while considering preverdasgects of sustainability. The box below
cites article 17, which regulates the agriculturse of soils.
The fundamental principles related to agricultuwenprise (Landel et al. 1998):

» the maintenance and improvement of soil structure

» avoiding soil compression and run-off

» conservation of structure elements of the landscape

* conservation and improvement of the biologicalaistiof the soil through rotational

aspects

* conservation of organic matter (humus).
The soil conservation act however, sets relativatall restrictions on agriculture, since
sufficient soil degradation protection can be aekicthrough the “Good Technical Practice”.
However, the article does define such rules omal leasis, which was not the case before the
implementation of the soil protection act (seedwihg box, part 2). As mentioned before,
agricultural soil use was already regulated unddre tfertilisation regulation
(DungeverordnunglDuV 2006), the guidelines for the execution ofo@d echnical Practice

in pest managementP{lanzenschutzverordnupg(PAV 2006), as well as the general
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principles of good technical practice of agricudiutand use, which have not been legally

specified.
As Landel et al. (1998) pointed out, the soil pctitth act does not add too much to those

existing regulations. Additionally, the article frmulated in such a way that all other laws

concerning soil use would be used primarily, eehe soil protection law would set higher

restrictions or demands on sustainable and adegodtese (sesubsidiarity. The authors

saw this as one of the weakest parts of this eredtthandel et al. 1998).

1. In cases of agricultural soil use, the obligationtake precautions pursuant to Articlg
shall be fulfiled by good agricultural practicen Itheir advising, the competeg
agricultural advising bodies pursuant to federaltestCandel) law should impart th
principles of good agricultural practice pursuanparagraph (2).

2. The principles of good practice in agriculturallage are the permanent protection of
soil’s fertility and of the soil’s functional cap@cas a natural resource. In particular,

principles of good agricultural practice include:

Description of the German Federal Soil Conservatioi\ct (Article 17)

Part Four
Agricultural Soil Use
Article 17
Good Agricultural Practice

in general, the soil shall be worked in a mannat th appropriate for the releva
site, taking weather conditions into account,

the soil structure shall be conserved or improved,
soil compaction shall be avoided as far as poss#specially by taking the releva
soil type and soil humidity into account, and bytolling the pressure exerted
the soil by equipment used for agricultural sog,us

soil erosion shall be avoided wherever possible,nisans of site-adapted u
especially use that takes slope, water and windlidons and the soil cover in
account,

the predominantly natural structural elements eldfiparcels that are needed for
conservation, especially hedges, field shrubberg aeres, field boundaries a
terracing, shall be preserved,

the soil’s biological activity shall be conservedppsomoted by means of appropri

crop rotation and
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* the soil’'s humus content, as is typical for the sit question, shall be conserved,
especially by means of adequate input of organistsunces or of reduction of the
intensity with which the soil is worked.

3. Obligations pursuant to Article 4 shall be fil#d by means of compliance with the
provisions mentioned in Article 3 (1); where thgsevisions contain no requirements for
prevention of hazards and no such provisions refoin the principles of good

agricultural practice pursuant to paragraph (2),dther provisions of this Act shall apply.

Source: Federal Ministry for the Environment 2003a

Due to the federal system in Germany, the soilgmtain law had to be implemented at the
federal state level. Some federal states had egispecific soil protection laws (e.g. Berlin,
see Landel et al. 1998) that had to be revisedrdompto the frame conditions of the new
federal law. However, some federal states havey@opassed the soil protection law and its
corresponding ordinances. In the case of Brandenlaufederal state law on soil protection
was still not passed in 2008, while other fedetales had already implemented such acts. In
Brandenburg, soil use is still regulated under iood related laws, which underlines the low

impact the federal soil protection act actually.has
3.3.3 Other political instruments for soil conservation n agriculture

3.3.3.1 Cross compliance

Since the implementation of the new CAP-reform (fpean Council 2006a; European
Council 2006c),Cross complianceas a new instrument also affects agricultural ssi.
Member states have to set up minimum standarde$murce protection, nature conservation
and animal welfare. Farmers have to meet theselatds in order to receive EU direct
decoupled farm payments. If farmers violate thegesrof Cross Compliance, the EU-direct
payments can be withdrawn. Cross compliance iadhdn application of the instruments of
regulatory law (see Chapter 3.2.3.2).

For Germany, the following cross compliance ruliésca soil conservation issues directly:

» Erosion reduction (DirektZahlVerpflV 2006) 82): no ploughing on 40 &6 arable
land between after harvest and Februar{ LBless a new crop is sown before
December 1 Local authorities can cancel this article if éoasrisk is low for the
region or if the weather conditions do not allove thpplication of this regulation.

Human made terraces in agricultural plots may eatgmoved.
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» Conservation of soil organic matter(DirektZahlVerpflvV 2006) 83): on the farm
level, a minimum number of three crops have to fwsvg, with a minimum share of
15 % per crop. If more than 3 crops are grown, Enahares can be added up to
reach the 15 % minimum. In the case where less3haops are grown, farmers have
to monitor soil organic matter by a balance throagscientifically approved method
and prove values that are above thresholds spedifiehe regulation. Furthermore,
the burning of stubble fields is forbidden.

* Preservation of grassland shares within regiongEuropean Council 2006c)
Member states have to show proof of a constansignag share within regions to the
European Commission. For Germany, a region congpaskederal state. If the share
of grassland decreases under the specified lithigssiederal state has to show proof of
legal steps to stop such trends.

Other regulations such as the preservation of ks structures (e.g. hedge rows)
(DirektZahlVerpflv 2006) 85) have an indirect inflace on soil conservation, e.g. by cutting

slopes into shorter parts or by providing protatégainst wind erosion.

3.3.3.2 Agri-environmental measures

Member states of the EU have introduced agri-ennirental programmes based on the
Council Regulation (EC) No 1257/1999 (European Cdu006b) that also allow the support
of soil conservation measures. Some federal stat€grmany have introduced programmes
that provide incentives for the adoption of soihservation practices such as reduced tillage
and direct seeding (see Table 4).

The amount of subsidy provided in these progranvaees between 42 €/ha and 117 €/ha.
Some federal states support reduced tillage onlydar crops with a higher erosion risk,
others target these programmes on areas with adrmgion risk or support investment in
special equipment (Brand-Sal3en 2004). For a compeerview of agri-environmental
programmes under the EU 1257/1999 regulation setridan et al. (2006). Since 2007, the
agri-environmental programmes had been based onCihencil Regulation (EC) No
1698/2005 on support for rural development by tlheopean Agricultural Fund for Rural
Development (EAFRD) (European Council 2008a).
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Table 4:  Soil conservation programmes co-financedybthe EU directive 1257/1999 in the German
federal states in 2003

Federal state Programme Programme objectives Amount of subsidy
acronym (€/ha)
Bavaria KULAP A Reduced tillage in row crops witbver 100
crops
Baden-Wirttemberg MEKA Il Reduced tillage with coeeops 60
Brandenburg KULAP Cultivation of small seed legumes 310
Hesse HEKUL Reduced and no tillage with cover crops 60
Lower Saxony NAU Reduced and no tillage 72
AFP Investment in reduced tillage equipment  allowance up to 20 %
North Rhine-Westphalia ~ KULAP - Reduced and nogildor beets, corn, 102

rapeseed, legumes and potatoes with cover
crops as well as cereals

- Conversion of arable land to grassland 306-715 (depending

- Both parts of the programme are only on soil quality)
available in targeted regions based on soil
erosion risk
Rhineland-Palatinate FUL Reduced tillage for card augar beets
- No cover crops 46
- with cover crops 117
Saarland - Reduced tillage 60
Saxony-Anhalt - Reduced tillage 42
Saxony UL Reduced tillage 25
With cover crops 66
Under sown crops 51
Investment in Reduced tillage equipment allowance up to 35 %
Schleswig-Holstein - Reduced tillage 60

Source: Brand-SalRen 2004; Hartmann et al. 2006

The efficiency of such programmes is still undescdssion. In a comparison of the agri-
environmental programmes in North Rhine-Westphal@ Rhineland-Palatinate with the
example of model farms, Busenkell (2004) found ttieg soil conservation programmes
(reduced tillage) either overcompensated the logsesrred by the programme, causing
windfall gains; or on the other extreme, did novaerothe costs through yield losses, which
resulted in low adoption rates. For Brandenburgyas demonstrated that soil conservation
programmes showed little spatial focus on areagevbeil erosion risk is elevated, resulting
in the low efficiency of such programmes (Matzdeiral. 2003).

3.3.4 Criticism on existing policy approaches

Despite taking part in the formulation of the soidnservation act, the German Scientific
Advisory Council on Soil Conservation did outlirfeeir opinion that good technical practice
does not guarantee sufficient prevention of soibsem (Wissenschaftlicher Beirat

Bodenschutz beim BMU 2000). The Advisory Counciticzed the missing specification of

minimum standards for the “good technical practiteit meant an ecological evaluation and

28



Chapter 3 — Policy Approaches for Soil Conservation

estimation of the erosion effect of the appropr@eduction procedures was not possible. In
comparison to examples from fertilisation regulatior the guidelines for the execution of
good technical practice in plant protection or ghiciples and recommendations for good
technical practice in agricultural land use, itwhkdhat the “aspects of soil protection are not
yet sufficiently substantiated” especially in termfsmore binding guidelines in support of
soil conservation.

Both the Enquete-Kommission (1994) and the Germawisdry Council for the Environment
(Der Rat von Sachverstandigen fur Umweltfragen (PR®96) considered the specifications
for the “good technical practice” guidelines instifnt for guaranteeing sustainable soil
management. They had suggested further, partlyiateegd measures for the conservation of
soils and proposed management restrictions, oligatind/or limitations for the cultivation
of fields, land use limitations and retraction artain measures. The Scientific Advisory
Council for the Environment demanded as well fomare precise definition of "good
technical practice” that contains more obligatarles. Additionally it recommended a more
purposeful promotion of erosion-avoiding measuvdsch cover the regional aspects of soll
erosion as well, i.e. to consider particularly @osendangered fields or regions (Der Rat von
Sachverstandigen fur Umweltfragen (SRU) 1996).

However, in a paper submitted by the scientificisoly board (Wissenschaftlicher Beirat
Bodenschutz beim BMU 2000) neither the precise oreasof soil protection were specified,
describing their expected effegiréctical issuel nor was the amount of the compensations
mentioned. Beyond that, the conceptions are stith wague with regards to the political
implementation or negotiability of the appropriateasurespplicy issuels Furthermore, the
question of how the assignment of subsidies cabdugd more strongly to the prevailing
erosion potential arose.

Overall, it can be stated that soil conservation@armany is still lacking in further
implementation, which comes either from more bigdiaw applications or from increasing
the efficiency of the incentive based soil conseovameasures (through more adequate

measures and/or spatial targeting of such progranme
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4 The economic background for soil conservation

While soil science demanded a rather absolute ptiewve of soil degradation processes
(Frielinghaus et al. 1998), economists brought hg riotion that any use of a resource has
both positive and negative effects on differentvitilials, on different sites and at different
times (Dabbert 1994; Hampicke 1991; Pearce andefur90; Pimentel et al. 1995; Tisdell
1991).

Therefore, the economic question arose, as to wheftom a normative viewpoint (i.e.
searching for an increase in total welfare of d9¢iex socially optimal soil degradation rate
should be derived, or, to find efficient ways ofl smnservation based on a pragmatic, given
threshold facing the empirical difficulties to réa& social welfare optimum.

In order to base the analysis on a theoretical émonk, a brief overview of the economic
characteristics of the decision problem is giventhe following chapter. The available
methods for solving such problems are additiondlscussed. After that, an approach that
meets the conditions and restrictions of the emglirilecision problem best is derived based

on a consistent economic background.

4.1 Natural Resources and Welfare economics

In resource economics, a welfare economics appriteaths based on utility maximization is
usually used to analyse and evaluate the managevhewitural resources (such as soil and
soil conservation). This approach can be descridsed sustainable management of a natural
resource (Kooten 1993; Pearce 1993; Pearce an@Tie90).

In general, the analysis compares solutions toret@@ptimal state, where the utility of an
individual cannot be further increased without thiity of another worsening. Any state that
is not pareto-optimal implies welfare losses toietyc In a less strict criterion for a social
optimum, the individual with the increased utility at least capable of compensating the
individual whose utility had decreased, even whbkis ttompensation does not happen
(Kaldor-Hicks-criterion) (Tisdell 1991). Welfare @momics can be used in a theoretical or
more conceptual way to analyse the rents genebgtedolicy.

Under perfect conditions with competition, perfedormation and clearly defined property
rights, markets achieve the social optimum throtighcoordination of “the invisible hand”
(Smith 2005) of the market. Therefore, market-bagedes are usually the most efficient

instrument for the management of most resourceseber, there are conditions that can lead
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to market failure with a sub-optimal provision diet specific good. Crucial elements for
market failure are (Hampicke 1991; Tisdell 1991):

1) public good characteristics,
2) the resulting presence of externalities,
3) unsustainable levels of resource use based on tamtgr and risk

including the divergence of individual and socrakrest rates,

4) the irreversibility of the resource use,

5) the low possibility of substitution of the naturakource.
Other aspects are monopoly rights and common proplesit can lead to conditions where
markets no longer provide the most efficient manag@ of the resource. In such cases,
governmental intervention may be indicated (Kul®2Z;9Pearce and Turner 1990; Tisdell
1991).
Governmental policies for resource managementhaefore a means to more efficient use
of resource from society’s viewpoint (Cansier 198@mpicke 1991; Tisdell 1991; Weersink
et al. 1998).
Given the deficiencies of using pure market vafioeshe evaluation of natural resources, the
“Total Economic Value” (TEV) of a natural resoune@s introduced as a construct to define
and measure values for natural resources that yandehe market prices (Pearce and Turner
1990; Turner et al. 2003). Pearce (1993) defines tttal economic value of a natural
resource as the sum of use values and non-usesv@lee Table 5). The use value consists of

direct and indirect values.

Table 5: Components of the “Total Economic Value” 6soil resources

Total Economic Value

Use value Non-use value
Direct value Indirect value Option value Bequest vlue Existence value
Agriculture  Flood protection direct and heritage for The value of mere
Forestry Filtering indirect values future existence, i.e. not
CO, sink for future generations related to any human
generations use, but only as a part
of nature

Source: modified, based on Pearce 1993

The direct value of soil expresses the productiamction for agriculture or forestry for
producing direct income. Turner and Jones (199&ddn Pearce 1993) expanded the TEV-
approachby introducing another use value: the primary vahet expresses the ecosystem

functions of soil. The indirect value expressed soosystem functions associated e.g. with
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flood protection, cleaning, buffering, storage, loap as well as habitat functions. The option
value corresponds to the direct and indirect vatuduture generations, which is the value to
use to maintain options for future generations mgyrow food and fibre in a sufficient way
but also to provide indirect functions for the fiet(see Chapter 4.2.4). Non-use values are
defined as bequest and existence values. Humargdealesire to bequeath sound soill
resources to future generations including intea #hie cultural heritage function of soil that
can be evaluated and expressed as a bequest Vaddell(1991). The existence value of soils
describes society’s appreciation of the mere extgtef different soil types (intrinsic value)
that goes beyond conventional utilitarian approadifearce 1993). For a critical review on
the different approaches on how to define use amduse values, see Cicchetti and Wilde
(1992). A recent overview of evaluation techniqoas be found in Turner et al. (2003).

In the following, the characteristics of soil andilsuse are analysed with the help of
economic categories to find the appropriate framkwtor further analysis of soil

conservation strategies.

4.2 Economic Properties of Soil asa Natural Resource

4.2.1 The degree of publicity — Soil as a private or pulst good

From an economic viewpoint, the optimal managenoéminy resource is strongly dependent
on whether it shows the characteristics of a peivat public good (Tisdell 1991). Public
goods show no rivalry in their usage and nobody banexcluded from their usage
(Henrichsmeyer et al. 1991). In the case of puptiods, prices cannot reflect the scarcity of
the good, so the production of the good would tsifficient. The same is true for public
“bads” such as environmental pollution. The malfiorc of price signals can cause an
“overproduction” of pollution (Hampicke 1991; Tidd&991).

At first glance, soil used by a farmer for agrioudtl production can be seen as a private good,
for a farmer usually holds the production rights ddfield. He or she has the right to use and
change the good, others can be excluded from @geysind there is rivalry for the use of the
groundé.

However, the use of soil as a private good, beiefindd with absolute exclusioof other
users, could harm other individuals through the-atinfrom a field. Obviously, there are

effects from such “private land use” on other indidals caused by the run-off of soil matter

® The possibility of commonly used soils such azigglands is neglected here.
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washed on to other fields or into waterways th&tcafthe water quality for people living
downstream of the eroded fields (Crosson 1984).

Additionally, soil degradation affects the longrtefertility of the soil, which, under certain
conditions, can be less important to the farmen tttasociety (Dabbert 1994). This can be
seen as a non-rivalry effect of soil use. All indivals of a society as a whole would suffer
from this loss without being able to exclude thelvese A non-rivalry condition versus long-
term degradation. The public costs arising from seigradation will most probably not
influence the farmer’s decision (Kiker and Lynne8&P Therefore, the long-term fertility of
soils can also be seen as a public good, repregeati option or bequest value for society
(see Table 5). This will be further discussed iaptkr 4.2.3.

4.2.2 Externalities

Public good characteristics of a resource ofted teaexternalities, since the non-rivalry and
non-excludability would lead to an over-consumptmnexhaustion of a resource (Tisdell
1991). In the case of soil degradation, the rasylteffects would be soil use above
sustainable levels. The example of soil use shtwatsthe off-site effects of soil use would
become a public good (or bad, respectively) (Barli@95). Externalities are defined as
effects on other individuals that are not part nfewonomic transfer (Cansier 1993; Pearce
and Turner 1990). Such externalities are effect®anomic activities that change other
individuals’ welfare and this welfare change is noinpensated (Pearce and Turner 1990), p.
61). The change of welfare is expressed in thereakeosts of an economic activity. The
external costs of soil degradation can also benddfas their social costs, since these are not
internalized into the producer’s decision. Hendese costs are burdened on society (i.e.
other individuals). Given the differing social amdivate production costs of a good, a
producer will use the resource to a higher extsrif he would also face the additional costs
that society or other individuals have to bear d€l61991). In the example of soil use, the
producer would choose a production level or teammithat degrades soil more than what is
optimal from society’s perspective. In most caskegraded soils will not only decrease the
farmer’s income (Evans 1995), but the externalot$fedf degradation through soil erosion
will also harm neighbours and society (Pimentelle1995).

Soil conservation measures do not only affect #renér's income as a private good. They
can also be considered as a public good, sincedyotan be excluded from the benefits of
less damage. Many studies stressed that farmexgt@rcosts are by far exceeded by the
social costs of off-site damages from soil erogBoardman et al. 2003; Hansen et al. 2002;

McConnell 1983; Commission of the European Comnmes2006). The resulting effects can
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range from long term trends like decreasing satlilfiy (which threatens food security), and
increasing sediments in rivers and dams, to skam tatastrophic events like muddy floods
that cause considerable damages in residentias &B@amrdman 1995; Boardman et al. 2003;
Clark 1985; Evans 1996; Grimm et al. 2002; Handeal. 2002; Pretty et al. 2000).

Therefore, soil as a resource can show differeatatdteristics: The resource itself is used as a
private good but shows public good characteristidsch lead to externalities. As a result, it
can be stated that soil degradation through sodien is to a large extent a public good (bad).
Since the preferability of the market solution fsotthly true for private goods, the existence
of public good properties of soil degradation tlglewsoil erosion can cause the sub-optimal
use of the resource. Therefore, external intereantif the management of a natural resource
is appropriate (Tisdell 1991). Furthermore, sogr@elation threatens the long-term fertility of
soils (Dabbert 1994). Thus, there is a value inltmg-term fertility of soils, which is more
important to society than to the individual. Thidda a further argument for governmental

action.

Excursus: The economic research on soil conservation North America and Europe

North-American economic literature on soil conséora and soil erosion (for a shart

=

overview see (Furtan and Hosseini 2003) is muchenmofound in comparison to the

European literature. Most articles follow the idbat soil erosion in general is not a probl

D
3

to society as long as the erosion only harms thieitpdowner (Fox et al. 1995). Therefore,
economic studies on the preferability of instrursefar soil conservation take the locatipn

where the damage is occurring and where this dammagde avoided at the least cost more
into account than trying to reduce erosion in gah@akao and Sohngen 2000; Westra et al.
2002; Yang et al. 2003).

European literature on the economics of soil erosaad soil conservation is still rather

limited. Dabbert covered the issue in a generara on the economics of soil fertility
(Dabbert 1994), but publications in scientific joals are still rare (Jarosch and Zeddies 1991)
and limited to the farm scale (Brand-SalRen 2004eBkell 2004; Meyer-Aurich 2005) or to
certain regions (Boardman et al. 2003; Evans 199étty et al. 2000; Schuler and Kachgle
2003).

4.2.3 Uncertainty and risk

An important assumption made in economics for tifieient functioning of markets as the

optimal way of resource management is the existefceertainty regarding price signals.

However, reliable information about future pricesalmost impossible to predict, since the
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influence of time brings at least a range of pralias of the possible outcomes (Hampicke
1991; Pearce and Turner 1990).

4.2.3.1 Definitions and relevance of uncertainty and risk

There is a difference in the definitions of riskdamcertainty (Ciriacy-Wantrup 1963; Pearce
and Turner 1990). The distinction is that uncettais not measurable whereas risk can at
least be described through expectation valuespfichability) (Bishop 1978).

Potential soil erosion can be influenced by theébphility of heavy rain falls throughout the
year and other climatic factors. However, thereunsertainty about many erosion related
processes such as the replenishment rate of soilse knowledge about these processes is
still not very profound (Shortle and Miranowski 1798

4.2.3.2 The divergence of individual and social interesesa

Interest rates are usually used to link and compaomnomic decisions from different time
periods. In the context of resource conservatioterest rates play an important role in
solving dynamic decision problems through beingrdoated by the market or other
economic instruments (e.g. taxes). Individual amclad interest rates are also distinguishable
(see Dabbert 1994). The definition and their effeat given in the following:

Individual interest rates

Individual interest rates are a result of time erefce, which serve as the compensation for
the time span between activities and the flow ohey Time preference is a phenomenon
that is seen in almost any economic activity. Ecoicdliterature states that individuals and
society have differing time preferences (Pearad. €it990).
It is a widely accepted fact that individuals prefiee payment of a certain amount in the
present rather than in the future. Pearce et &9QJL gave some explanations for this
behaviour.
The time preference of individuals is affected by:

1. the uncertainty of the future,

2. impatience,

3. the risk of dying, and

4. the decreasing net benefit of consumption.
Impatience is a very human characteristic. Theegfan immediate payment is given a higher
value than one in the future. In fact, it is a veatjonale behaviour for individuals to prefer an
earlier payment because there is always the rigkyimfg. Furthermore, future payments are
affected with uncertainty, especially if the paymen scheduled far into the future. The
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source of payment could disappear, the bank cooldoankrupt or the economy could
deteriorate with a severe inflation of the currerféyrthermore, when considering the growth
of the individual income, the marginal net benefita payment in the future would not be as

high as its value in relation to the present incqDebbert 1994).

Social interest rates

Social time preference originates from the oppoatyuoosts of capital, for it is possible to
derive income from the productivity of capital. Thearginal return from the last used unit of
capital is the social interest rate. Basically, sloeial interest rate is the aggregated interest
rate of individuals that had been cleared of anyermal effects that could affect an
individual’s interest rate (Dabbert 1994).

The effect of an interest rate is to discount fatbenefits from the present value so that the
preference for the two investment options may b@pared. This is well accepted for the
evaluation of private investments such as new mmashior factories because the new
investment has to compete with other opportunitidewever, when the effects of the
investment in public goods, and certainly the coreg@n of exhaustible natural resources are
analysed, more difficulties are produced (Pearcg @arner 1990). The conservation or
preservation of a natural resource for future gatiem is faced with a much longer time
horizon than the usual investment in assets. Tloécehof a discount rate that is too high
would decrease future benefits expressed in presdumes to almost zero and therefore allow
for a greater degradation of soils. For that reasome authors even suggested an interest
rate equal to zero for the conservation of a natasource, while others suggested rates
below that of financial markets (Ciriacy-Wantrup6B89 Dabbert 1994; Hampicke 1991).
However, given the close relation between prodactatput and soil erosion, setting the
discount rate at zero would only overvalue futurendfits from soil use (and soll
conservation) and possibly not allow any producabpresent for the sake of future benefits.
As a further effect, any investment in other opgigather than soil use) would then be more
profitable.

In optimization or assessment approaches, the [@viile interest rate used for discounting
the future net benefits of public projects or pplprogrammes determines the most preferable
option (Markandya and Pearce 1991; Tisdell 1991).

The above mentioned uncertainty regarding the hetm@unt of soil loss related to certain
soil uses and the natural replenishment rate wdkew the range for an appropriate choice of
discount rates (Shortle and Miranowski 1987).
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In the economic literature on soil erosion, theperofunctioning of interest rates as a means
that temporally interlinks soil use had been questd. Even though it has been shown
theoretically (mostly based on McConnell (1983)owdbstracted from any off-site effects)
that interest rates are able to coordinate intapteal soil use, empirical difficulties (Ervin
and Mill 1985; Kiker and Lynne 1986) and conceptgaéstions (Hampicke 1991), lead to
the conclusion that the choice of the discount imtene of the main problems faced in the
management of exhaustible natural resources (Paatc&urner 1990).

The above aspects show how critical it is to rety mrice signals for the sustainable
management of soils; prices are affected by unogytawhich can cause distortions in the
proper reflection of scarcities. As a result, iinche stated that soil use is affected by
uncertainty and risk, implicating distorted priceggrals, and therefore, soil resource

management can be subject to market failure.

4.2.3.3 Uncertainty in economic soil erosion models

Most economic models on soil erosion assume anaergh linkage between production level
and soil erosion. Usually, only the total outputasrelated to the total amount of erosion (e.g.
in models like McConnell (1983)) or a simple asstiop of the erosivity of different
cropping systems is made (Walker 1982).

The above mentioned model by McConnell (1983) dlessrthe inter-temporal, economic
effects of soil erosion. The aim of McConnell’s b to find out whether farmers have an
incentive to use their soils in a sustainable waiy-site effects were excluded in this model
even though they were stated to cause the highemalb\costs. The model is basically an
optimization function of a capitalized profit streaover time that uses the soil both as a
production asset and as a good with a future resdie. The level of soil loss is assumed to
be correlated to the level of production outputl 8epth is an exhaustible resource that can
be depleted within a certain time if production $@s1 higher soil loss than replenishment by
natural formation.

While high levels of erosion can decrease the eegalue of the farm, they do also increase
the profits during the production period. McConrsited that it is economically rationale to
accept a certain amount of soil degradation. Thieatg/, assuming perfect functioning
market mechanisms, a farmer’s economic rationaleldvéead to the integration of soil
conservation measures into private decision matkirgugh the matching of marginal costs of
soil erosion with the marginal costs of soil conagion. According to McConnell (1983)
farmers have in most institutional conditions avested interest in soil conservation because

they want to maximize the total income of theimiar Since farmers know that soil base
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affects the farm resale value, they are willingafaply appropriate conservation measures.
McConnell’'s approach was strongly questioned byeKi&nd Lynne (1986), who showed that
market signals do not guarantee the proper consenvaf soils according to societal needs.
Firstly, the information of how much soil is actiyabst through a certain production system
is still difficult for the farmer to estimate dugnthe production process. In fact, even soll
research is still not satisfied with the curremtteatof soil erosion risk modelling. Therefore,
soil loss is not a variable that a farmer couldialty vary according to the prices he gets for
his products. Secondly, the lack of an appropriaterest rate for coordinating soil use
produces wrong signals for how much soil may bdeleg (see Chapter 4.2.3.2).

The problem of modelling uncertainty in soil erasgconomics was presented by Shortle and
Miranowski (1987). Even though they underlined th# analytically possible to identify the
optimal level of erosion, they concluded that thepgical specification of such models
causes problems that make the use of such optionzatodels questionable. These problems
arose from estimating the soil losses related tipmng systems, soil types and spatial
aspects. Therefore, it is not clear in most modsl$o what extent agricultural measures will
contribute to soil conservation. The condition oif san be described by soil depth, which is
assumed to be a variable that can be influencestttlirby the land users (e.g. in models
based on McConnell (1983)) or can be related maexttly to variables such as cropping
systems. Such models are still lacking in enoughakidity in production methods and
machinery use (Yang et al. 2003).

Factors such as sparse information on replenishmat¢es or the actual erosion rate from
specific cropping systems make it impossible to aganthe sustainable use of soils through
pure market mechanisms. Full information is fundatalefor the generation of precise price
signals that lead to an optimum (Arrow et al. 1988¢pperud 2000; Kiker and Lynne 1986).
Ervin and Mill (1985) derived in an analytical mbdee finding that land prices could
incorporate signals for the proper management iig.ddowever, their findings were based
on an appropriate level of information of the rielaship between production and soil erosion
processes. However, the uncertainty in this refatiqp is the crucial aspect within this
system, not the function that relates cause arattefShortle and Miranowski 1987; Tisdell
1991).

4.2.4 lrreversibility
Irreversibility is evident for the destruction ofamy exhaustible natural resources. Soill
erosion processes are hardly reversible in spiteadfnical solutions that compensate for soil

loss and degradation (e.qg. fertilizers) (Dabbef4)9Calculations of optimal soil run-off can
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be too optimistic, causing the long-term degradeatd a valuable resource for the future
nutrition of the world’s population (Ciriacy-Wanpul963). Once a natural resource is
completely exhausted, the time horizon for its felmg can be beyond human dimensions
(The World Commission on Environment and Developimi987). Degradation of soils is
more or less a one way process (WissenschaftliBe@at der Bundesregierung Globale
Umweltverdnderungen (WBGU) 1994). It might be eeennomically profitable to exhaust
soils beyond the sustainable limit in a certainiquereven though the opposite would be
preferable in the following period, but the chamaeaeverse this process would be zero then
(Arrow et al. 1995; The International Board for ISResearch and Management (IBSRAM)
1997; Van den Born et al. 2000).

Furthermore, option values (see Table 5) that esspradividuals’ value for keeping the
option for future usage face difficulties in theywa how the value is expressed in monetary
units. Therefore, the actual value of current useverestimated (Tisdell 1991). Bequest
values, expressing the value for future generat{®esrce 1993) are likely to be threatened
by the irreversible effects of free-riding in these of a public good (Tisdell 1991).

For the markets to function, these non-use valuege o express the irreversibility of
resource use. Given the public good characterisfi@gsresource, these price signals will not
develop appropriately (Walsh et al. 1984). Thes$ect$ combined with the aforementioned
uncertainty regarding soil processes can causeearparket solution to become an inefficient

management option.

4.2.5 Substitution

From an economic viewpoint, a sustainable use oésaurce is given, when the overall
capital stock stays equal, i.e. the transfer fréva matural resource capital to man-made
capital generates a higher social return than wkesping its original state (Pearce and
Warford 1993). The underlying assumption is thatira resource capital can be substituted
with man-made capital. This poses two fundament@istions: First, is it possible at all to
compare the values of natural resource capital witn made capital, and second, which
values should be used to estimate the returnsafiaal resource.

The first question is a question of definition. 'dhsome advocates of strong sustainability
would argue against such comparisons (Batie 1@8®jronmental economists do not oppose
the comparison, but concentrate rather on a cleanpdsing definition of the values to be
compared (Pearce and Turner 1990; Pearce and Wdr®®3) so as to find an answer to the
second question. Table 5 shows the different tgbeslues that are used to describe the total

value of a resource.
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The knowledge of existent values however doesesat to a clear answer for both questions.
So, the possibility of substitution can either bbguad by definition or the result of the
substitution depends on factors such as discotmicheosen (see chapter 4.2.3.2) or the range
of values introduced into the analysis (see above).

A more pragmatic answer to whether soil can be tguted at all can be given from a
technical viewpoint: The resource soil and its loag fertility can hardly be substituted or,
with present means, can only be substituted atilpitotely high costs (Dabbert 1994).

The loss of soil fertility can be partly replaceg the use of fertilizers and other inputs, but
this is only possible up to a certain degree anth @weclining marginal returns (Kiker and
Lynne 1986). Moreover, the rate of substitutiorwssn natural fertility and technical inputs
is not known. Soil degradation was accompanied dphriical progress in the past that
overlaid the negative effects of the decrease tarakfertility (Barbier 1995).

As a result, the limited possibility of substituti@f soil through other resources and the
uncertainty of possible costs stemming from an testenation of indirect and non-use
values decrease market prices’ reflection of sogieferable levels of scarcity. Therefore,
soils should be used with an adequate level ofimauhat reflects the uncertainty und

irreversibility of the degradation processes (Dabh894).

4.3 Conclusion: Market failure and the need for governmental intervention

Based on the framework by Hampicke (1991), bothwsse and soil conservation showed in
all aspects at least some evidence that a pure etdadsed soil use management is
questionable and will therefore not lead to a stycaptimal solution. Market failure is a very
likely result if the use of soils would be basedyoon price signals that are developed on
markets. Therefore, other ways of resource managgewik have to be found.
Given the above mentioned arguments, it can bavesdihat soil degradation in relation to
agricultural production means:
* an externality with social costs exceeding thegigwcosts,
» that these costs of the resource use are not dptiméernalized given the public
good character of the off site effects (markeufa), and,
» that a social optimization procedure will face idifities in selecting the appropriate
interest rate for the discounting of the future tsosnd benefits (theoretical
difficulties).
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Due to the irreversibility of degradation procesaed the limited possibilities of substitution,
soils will not be conserved appropriately when omigrket signals are used for conservation
decisions.

In referring to the normative viewpoint (i.e. toaseh for an increase in the total welfare of
society), the net social benefit should be maxichizestead of only private benefits. The
Producers’ internalization of external costs is ovey of achieving this objective. In such
cases, governmental intervention is indicated. &milservation policies are therefore ways to
internalize such effects to achieve more efficreisburce use from society’s point of view.
However, market failure does not justify un-cooeded governmental intervention, as it
might only lead to inefficient public expenditurdtsis important to clearly analyse the subject
and find cost-efficient solutions, so that markature that turns into government failure can
be avoided. Environmental economics provide ins&mt® for both the internalisation of
externalities and the management of public gooad,taols to analyse the efficiency of such
governmental instruments. Furthermore, the consfioier of transaction costs can lead to

more efficient solutions within this process (sd&fter 7.9 and 8).

4.4 Policy instruments for managing a natural resource

4.4.1 Policy instrument categories
Based on the above conclusion (that the use giuhe market mechanisms shows deficits for
managing the sustainable use of soils), policyrumsénts for resource management are
required. Weersink (2002) compiled a general ligbaicy options for influencing farmers’
behaviour and the resulting environmental perforreanMoral suasion, command-and-
control strategies and incentive-based strategies @lso Weersink et al. 1998; Weersink
2002). A list of instruments by Tisdell (1991) igther specified as:

1. taxes
subsidies
auctioning of rights to engage in externality-proitig activities
state ownership and control of property
strengthening of property rights
internalisation of externalities by extension ofr@sship
fiat, prohibition or regulation
facilitation of private negotiation and agreement

© 0 N o 0 b~ N

provision of information.
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Although some are not economic instruments, mosthefn can be evaluated using an
economic framework. While taxes and subsidies arfae the behaviour indirectly by
changing the relative prices of in- or outputs {1&l property rights related instruments
change or strengthen the institutional conditiormuad the use of a resource (3-6). This is
also true for prohibitions and regulations (7). Adahally, the effect is similar to a tax, but
without creating income for the government (Tisd€lB1). The provision of information as
well as facilitation of negotiation processes araeal at the reduction of transaction costs,
which could be too high for the proper functionofga market solution (8-9).

Another option for categorizing policies is the lscthe policies are aimed at (Tisdell 1991):
some policies address worldwide changes in resoocmresumption (greenhouse gases,
desertification) (The World Commission on Envirommhend Development 1987), others
focus on local or regional adjustments for a moiganable resource use (i.e. the use of cost-
benefit-analysis for development projects (Bish8@q)), and a third group tries to tie global
and local efforts together i.e. the Agenda 21 (Udp&rtment of Economic and Social Affairs
2006).

4.4.2 Achieving the social optimum through internalisation

In the following, two theoretical approaches arevah by applying welfare economics
analyses: the first is a tax-based solution baseth® works of Pigou (1998), which explains
the functioning of subsidies and the second is gotmion approach following the
argumentation by Coase (1960), which underlinesiifgortance of property rights. Both
approaches lead to a socially optimal allocatiorthef resource and the maximization of net
social benefits. Therefore, most policy instrumearts based to some extent on the ideas of
these examples. Relative prices are either chapglctally to induce a change in behaviour
or the property rights are defined more clearlyaotually changed so that change in the
resource use is induced. Information instrumenes raot described here, since they only
change the frame conditions of market situatiorst fead to conditions where markets

themselves provide an efficient allocation of reses.

4.4.2.1 Pigou taxes

Given the problem of externalities (i.e. the otieseffects of soil erosion) that decrease the
welfare of society, Pigou (1998) developed an apghndor internalizing the externalities into
private cost functions in order to achieve a soo@imum (example cited from Pearce and
Turner (1990)). The differing social and privateguction costs of a good are the reason why

a producer will use the resource more than he wiblild had to bear the additional costs that
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society is faced with. As a result of the overubéhe resource, the social benefits are lower
than the social optimum, as the additional extecnats decrease the aggregated welfare.
Figure 4 shows how the external costs can be iategrinto the decisions of a private
producer. Here, a production intensity that isrggip related to soil erosion is assumed and
high outputs mean high rates of erosion measureédns per ha. The erosion rate does not
affect the production costs of the producer, sooftenal level of production for the producer
is where his marginal net private benefits (MNPBua&s zero, given a certain price level.
This is the point where the increase of one ungrioduction will not increase the profits of

the producer. The producer realises an output basgdn his private optimum (MNPB=0).

vec, *4
MNPB, MEC
t

t*

[N MNPB
Y MNPB —t*
> >

~

Soc. Opt.™ Priv. Opt.

erosion in t/ha

Source: Pearce and Turner 1990

Figure 4. Optimal pollution tax t*, marginal extern al costs (MEC) and marginal net private benefits
(MNPB)

Society is affected by the increased soil erosiate,rwhich leads to increased marginal
external costs (MEC) per unit produced.

However, if the social optimum is reached, the nmaigexternal costs would equal the
marginal net private benefits (MNPB = MEC). If & possible to decrease the soil erosion to
this level (Soc. Opt.), the gains through highendfiégs to the society would outweigh the
losses caused by reduced production for the produce

Pigou’s idea was to introduce a tax t on the prodincthis example, the agricultural output)
through a social planner (the government) so thiPRE are reduced by the amount of t*
which is exactly the amount of MEC at the socidirmapm. The producer now re-adjusts his
production level given the tax t* and will producat the socially optimal level
(MNPB — t* = 0).
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The damage caused by erosion gets reduced to thewgoere the positive effects of less

erosion are outweighed by losses on the produder si

The example can be transferred to a subsidy thadids for a production practice that causes
less erosion than the standard practice, but wihiatives higher costs to the farmer. The less
erosive practice becomes more advantageous aheérsfare more applied than without the

subsidy.

4.4.2.2 Negotiation solutions

Coase (1960) questioned the practicability of Pig@pproach, since it might not be possible
to define the optimal amount of tax through a goweental agency. In his argument he left it
to the individuals involved in the decision problamd extended the approach by introducing
the existence of property rights. He made clear tthe solution of such a problem is highly
dependent on the a-priori-distribution of properigghts. The person who has the right to
pollute can ask for compensation for the reductibthe damaging activity or if the affected
person has the right of not being damaged by tlelymer, he can sell this right to the
producer for the negotiated price. No matter how rights are distributed at the beginning,
negotiations will lead to a pareto-optimal solutidiime same example with one producer (a
farmer) and a person suffering from the effectsaf erosion is assumed here (representing
the society as a whole) (see Figure 5).

A

MEC,
MNPB, MEC
P

P*

MNPB
» erosion in t/ha
O E
Priv. Opt. S Soc. Opt. Priv. Opt. P

Source: based on Coase 1960, following the exampgtearce and Turner 1990

Figure 5: Social optimum achieved through negotiatins

Depending on the distribution of the property rgglthere are two possible points where the

negotiation can start. If the farmer has the rightollute, he will produce at the point E (Priv.
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Opt. P). For the society there is an incentiveayp {he farmer for the reduction in soil erosion
because it will decrease the marginal externalscosire than the decrease of the net private
benefits. Given complete information about the £@std benefits of both sides, a price of p*
per unit of decreased pollution (ton of eroded gat ha) will develop, where marginal
external costs will meet marginal net private bagef
If the rights of not being polluted belong to sdgiezero pollution would take place at the
starting point O of the negotiation (Priv. Opt. $)arginal external costs are zero but the
farmer has an incentive to purchase these rigbta Bociety (known as the “polluter-pays-
principle”), since any increase in production wikrease his profit. Here, the bargaining
process will end at the same price p*, the onlfedence is that the compensation is given to
society.
Coase made clear that the distribution of propegtyts is the crucial point in this discussion.
Property rights generate income to the person wittsat but negotiations will finally lead to
pareto-optimal solutions. The distribution of thegerty rights only determines which person
will start the negotiation process. External effecbuld be internalized through negotiations
between the market participants, so that the (iefft) implementation of a Pigouvian tax by
a government is not needed.
This theoretical approach is not often directlyduas a policy instrument. However, it helps
one understand how environmental policies are implged under different institutional
environments. If the property rights are mostlyiraked by the user of a resource, then the
individual or society that suffers damage from tbgource use will have to buy out some of
these property rights (i.e. incentives or compeasaj. On the contrary, if the society holds
the property rights, then the potential user of tbgource will have to pay for “pollution
rights” in taxes.
However, Coase made two crucial assumptions fofuthetioning of negotiations:

1. The transaction costs of negotiations have to ke daough for the process to

start.
2. There is complete information and transparencyroBgg the costs and benefits
involved.

Both assumptions are difficult to fulfill, even fartwo-person example. Transaction costs are
never at zero in real world conditions (Challen @0®&s a result, negotiations would not be
possible because of the prohibitively high costsofinging the stakeholders together. Private
information however can be used strategically tpriowe each person’s result (Arrow 2001).

Given the problem of soil erosion with a huge numidepollutants and individuals affected,
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the theory is overrun by real world conditions. Té@mmon problem of non point source
pollution (Griffin and Bromley 1982) will increaske probability of free riders that will take

the compensation but not fulfill their part of tbentract.

4.4.2.3 Remarks on the approaches by Pigou and Coase

Both Pigou and Coase developed ways to internalternalities. Environmental taxes and
subsidies (a negative tax) are used in policiegsHermanagement of natural resources, e.g.
taxes on fossil fuels or subsidies for environmiefitandly production (e.g. reduced tillage
programmes). In other cases, it is left to thevitldials to negotiate for the optimal price of
pollution rights. One possible application is s@ethe auctioning systems where the price is
generated by supply and demand (e.g. the U.S.ramicorogram (EPA - US Environmental
Protection Agency 2006)). Note that even this eXdamg weak, since the auction system
needed governmental input for creating such markétee US Conservation Reserve
Programme (CRP) is an auction example for soil eoraion that uses a bidding system to
find appropriate land for this programme (Plank99p

The problem with both approaches is the empirigfiicdlties in gathering knowledge and
data for all the involved costs and benefit funasigPearce 1993). What seems clear in theory
requires a lot of effort in real life. Companiesyment easily provide confidential information
regarding their production process, individuals neagggerate their suffered damages when
compensations are available (asymmetric informatiGhrrow 2001). Even though the
external costs of pollution exist, it is difficuid relate damages to specific activities (non
point source pollution) (Segerson 1988). Weersinal.e(2002) pointed out the impossibility
of gathering this information for practical studies

The above example was only abstracted to a tweeplegse — one polluter “versus” society.
If this simple case would be extended to a largemimer of individual polluters, cost
functions among them would differ causing greaificdlties in generating an aggregated
cost function. Further aspects had been deriv&arce and Turner (1990).

The criticism regarding the assumptions of welfaswnomics will not be extended here
(Kula 1992; Pearce 1993; Pearce and Turner 19%rcand Warford 1993; Tisdell 1991).
Nevertheless, the underlying assumptions ofhiitno oeconomicuare difficult to apply to
real world problems. However, taxes, subsidies amdch certain part, negotiations play a
considerable role in the real economic world. Eifetlhe functions are not known and the
information on the private costs of pollution alaémt is sparse, decision makers still use

such instruments (not only in a trial and error Waychange and influence the behaviour of
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individuals. Both Pigou and Coase provided a themake concept that is useful for the

development of practical implementation optionsdoit conservation.

4.4.3 Spatial targeting and regulation areas

When environmental programmes are seen as a possddution for natural resource
management, the spatial targeting of such prograrmeften suggestegérfect mapping
(Breton 1970). The termrégulation ared is relevant in the context of agro-environmental
policy making (Latacz-Lohmann 2001), while the tgperfect mappingvas introduced by
Breton in connection with the general provisiorpablic goods (Breton 1970). The effect of
such spatial targeting of environmental programimas been widely discussed in economic
literature (see examples Lankoski and Ollikaine@3 0 atacz-Lohmann 2001; Yang et al.
2005b). In most cases, given the heterogeneousbdisbn of the environmental assets,
targeting was preferable to non targeted policidse approaches that were used for the
selection of areas for soil conservation programnvege usually based on the statistical
analysis of GIS data. This chapter provides son@nmation on the spatial effects of the
selection of the regulation areas of soil cons@mgbolicies. Several approaches are available
to help in the selection of land for targeted covaigon programmes. However, it is finding
the “optimal” choice that poses a challenge. Hére,economic background of spatial aspects
for policy instruments (e.g. targeted conservatiprogrammes, regulation areas) are
discussed.

The importance of spatial aspects in non-point@ollution was emphasised by Wossink
et al. (2001): Heterogeneity in the economic amulaggcal attributes must to be reflected in
the underlying data. Aggregation of spatial dath ad to the false estimation of pollution
prevention costs. Lintner and Weersink (1999) shibtvee effect of the spatial location of
farms in a watershed with respect to achievingnogitiabatement of pollution, which is an
aspect often neglected in the economic analysemafonmental problems.

Being different from neoclassical economics, whspatial effects are more or less neglected,
the efficiency of agri-environmental policies istnanly dependent on the choice of the
appropriate instrument. Whether a policy is sugabhd efficient depends greatly on the
regulation area: the spatial unit where the polidly finally be legally effective. The choice
of the regulation area is important because differagri-environmental problems have
different spatial dimensions, ranging from smakldedocal problems to issues of national or
even global importance. In order to find an effitiesolution for such problems, the
geographical delimitation of an agro-environmenpgbgramme should fit the spatial

dimension of the problem in question (Latacz-Lohma@A01; Scheele et al. 1992).
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There is a trade off between costs arising frortirges programme on too large an area (i.e.
profit loss in areas that are not actually parttleé environmental problem (Yang et al.
2005b)) and costs that arise from a highly detadeldeme that require high administrative
efforts for the implementation and control of sacpolicy (Urfei and Budde 2002). A balance
should be reached for these costs through findiagptimal size for the regulation area. This
can be achieved through a real world experimengravkhe targeted area is increased step by
step and the costs and resulting effects are cadpanal and error). The other option is to
calculate the optimal regulation area size usingaalelling approach, where the objective
function maximises the overall net benefits of tbgulation area size or selects areas with the
highest net benefit.

Figure 6 shows a soil erosion risk map of the twatridts Uckermark and Barnim in the state
Brandenburg as an example of varying administradiveé ecological purposes. Erosion risk
zones are scattered within municipalities and cubss borders. A policy that covers either a
whole municipality or even both municipalities wdutreate efficiency losses through

regulating areas with low erosion risk.

Risk for water erosion classes:
no
very low

B ow
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B hioh
I very high

— Administrative boundaries

Source: Matzdorf et al. 2003

Figure 6: Administrative and erosion risk units ove two districts (UM Uckermark; BAR Barnim) in
Brandenburg

Administration levels for regulations, negotiatioasd agreements can also vary from

international level to the very small scale leviehdand parcel that indicates the ownership of
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a certain piece of land. Each environmental probieay need a different regulation level.
Some global environmental problems demand solutionsthe international level (e.qg.
greenhouse gas emissions), while the protecti@mnefonmental sensitive areas may demand
regulations that target only a specific field.

Additionally, ecological boundaries are not as phas those set in administration. For
example, the boundaries of landscapes can onlyalgeely identified or the diffusion of
polluted air spreads randomly over a certain area.

For further reading on the aspects of regulaticgasyr see Rudloff and Urfei (2000); Urfei
(1999); Urfei and Budde (2002); Latacz-Lohmann @0&cheele et al. (1992).

An approach that is widely used (mostly in the entrEU-conservation schemes) all over
Europe focuses on entire administrative regionfederal states. This choice is usually made
for reasons of equality and easier administratibhe regulation area is then tied to
administrative boundaries. Whether this choiceuitable in terms of the programme’s cost-
effectiveness or in terms of ecological resultdissussed as one of the subjects of this study,
see also (Huylenbroeck and Whitby 1999).

Agricultural administrations in the EU are up townoot very experienced with targeted
conservation programmes, for most existing agrivemmental programmes are based on a
standardised action oriented approach (HuylenbraeckWhitby 1999). Exceptions are seen
in only a few very site-specific contractual pragraes for nature preservation that are
undertaken with the cooperation of environmentanages (dt.Vertragsnaturschujzand
some result- oriented approaches such as the MEK&rgmme in the German federal state
Baden-Wirttemberg or in agri-environmental prograamm Switzerland (Oppermann and
Gujer 2003).

Within this study, the influence of different sdiea criteria on the size of eligible area for
targeted conservation programmes will be demorstrathen, within a chosen regulation
area, different options of conservation programmiisbe analysed. This is done through a
combination of measures and instruments. The aquresdi whether it is preferable to use a
policy with its instruments on a whole region wh#ecepting some efficiency losses or to
focus the policy only on highly erosive areas, Wwhigight be more efficient but accompanied

by higher transaction costs.
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4.5 Methodological approachesfor the economic analysis of soil
conservation policies

The following chapters give an overview of appraacfor the economic analysis and ex ante
evaluation of policy options, with the aim of pretieg policy failure. The basics of cost-
benefit-analysis including the concept of Total Bmmic Value (see Table 5) are discussed as
a tool for the economic analysis of conservatiolicps. Then, cost-effectiveness-analysis is
introduced as a solution for decision problems, rehthe costs and benefits of the
environmental resource use are difficult to measiline cost-effectiveness-analysis serves as
a more pragmatic approach, which is combined wighdoncept of “safe minimum standard

of conservation” (Ciriacy-Wantrup 1963).

4.5.1 Cost-Benefit-Analysis

Cost-benefit-analysis is a basic analytical insgotmbased on welfare economics for the
evaluation of projects. It allows for the compansof net effects of policies by using the
theoretical background of welfare economics andatgounting the costs and benefits of a
policy option in a static way.

Cost-benefit-analysis (CBA) is commonly used tolegate public development projects. It
searches for the implementation option that brihgshighest net benefit for society, which is
an often needed governmental decision supportdblipspending (Musgrave and Musgrave
1989). Hanusch (1987) described cost-benefit aisabs a tool for the “better” provision of
public goods. The term “better”, as a normativeregpion is defined as the more efficient use
of public money, expressed as the above mentioeedenefit of a project or programme
(Hanusch 1987).

Cost-benefit-analysis should examine all costslaertefits that are accrued to and result from
a project that can affect on a national or evearidtional level, including those costs that
cannot be measured or valued (Clark 1996). An gitemas made using CBA to assess the
economic impacts of projects or policies by analgsand comparing the total costs and
benefits instead of finding the cost and benefiictions related to environmentally hazardous
activities (based on the production function). Ties the advantage of being able to compare
the two scenarios of a development (i.e. with dhaut a certain policy or project). However,
cost-benefit-analysis as a partial analysis inséntnis not capable of reflecting dynamic
changes in the preferences over time (Tisdell 1991)

CBA may not necessarily find the optimum level oflption but can give information on the
net benefits of different policy options (Hanusc®8T). This process can be described by
comparing two points on the benefit and cost fumgj where the shape of the curve is not
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known but certain points can be described. It igemadapted to reality, where possible
solutions to a problem are first developed withipoditical process. Only these prototypes are
then assessed using CBA.

As for soil conservation, Crosson (1984) poseduhne€amental question of whether tolerable
soil loss rates should be used and whether futaremgtions should face higher costs. He
pointed out that a loss in productivity can be Iegkout by better technology at lower costs
than investing everything in erosion control nowccArding to Crosson, “the key is the
relative cost of these two alternatives”, which eegls highly on the measures used and the
economic damage caused by erosion. Therefore, ptienois to not avoid erosion but to
avoid the impact on valuable water bodies througlasuares like riparian buffer strips.

The valuation of the costs and benefits has to dmed on the opportunity costs of the
produced and used goods and services, which makeegdistinct groups (Clark 1996):

* Traded goods for which a market price exists candbged at their world market price
(adjusted for the transport and distribution costs)

* Domestic factors of production (i.e. land and laf)are valued with their marginal
value product (e.g. market prices, market rents)

* Non tradable goods and services should be spintogtheir tradable and non tradable
components. The tradable parts can be valued &etnarices, whereas the others are
valued at the marginal value product or the mafgnaial benefit (e.g. willingness to
pay).

For some costs and benefits any evaluation is dlingsossible. In these cases a qualitative
listing and description is preferred over completetcluding these factors.

The setting of the discounting rate and the tinagnf of assessment that is used to adjust
future cost and benefits on a common basis is goitant aspect in cost-benefit-analysis
(Pearce and Turner 1990). It is crucial to expthim viewpoint of the analysis, whether it is
from an individual or from society’s perspectivehel discount rate is oriented either on a
social discount rate (i.e. the opportunity costcapital in the public sector) (e.g. (Abelson
1979)) or higher discounting rates when the prdagetvaluated more from the viewpoint of a
farmer that has to assume interest rates basedrdnlbans (Clark 1996) or flexible discount
rates over certain time spans (Pearce et al. 48@8)also Chapter 4.2.3.2).

In environmental economics, valuation conceptsstitebeing developed and improved so
that the concept of standard cost-benefit-anafgsipublic projects may be extended (Turner
et al. 2003). The evaluation of public goods pra&dutheoretical difficulties because these

goods are not usually traded on markets for thevebmentioned reasons (e.g. non-
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excludability, non-rivalry of consumption) and evénthey were, the prices would be
distorted for the same reasons (Tisdell 1991). dfoee, more information needs to be
gathered to define the value of a natural resowsoethat the economic value of a natural
resource may be found.

Since the over-emphasis on measurable economiesraludevelopment projects was such a
main criticized point in standard cost-benefit-gsa (CBA), and the more ecological, “soft”
values were ignored, thieotal Economic Value(see Chapter 4.1 p. 30) as a more comprising
approach was introduced (Pearce and Turner 199Memet al. 2003). In environmental
economics, the range of values that must be tak&ndccount had been more and more
extended while more methods for measuring non-niaioke values had also been developed.
The actual estimation of these values is achieviddtive help of valuation techniques such as
the willingness-to-pay (WTP) or the willingnessaoeept (WTA), dependent on the
distribution of property rights of the natural rasge. Both methods are based on surveys of
involved individuals to help find out the amouneyhare willing to pay to preserve or
conserve a certain condition or to access a natesmurce or if the property rights are
distributed reciprocally, what amount they wouldn@d®d as compensation for the loss in
their property rights (quality of their property).

Empirical methods used in this field are the trasadt method, hedonic prices, conjoint
analysis and contingent valuation (see Pearce antem 1990).

An example of the application of contingent valaatito soil conservation is given in
Colombo et al. (2003). In this study, the benefitsa soil erosion control program for the
general public were estimated. The willingness dg for erosion reduction in the specified
area was estimated at around 42-72 €/hectare/lyagthermore, the authors brought up the
significant variability in the value placed on seiosion control when the respondents were
reminded about substitute environmental projects.

This behaviour is one of the usually criticizedmisiof most WTP approaches. Most studies
focus on a single project, so the results are st#tted to the other expenditures of the
individuals involved in the survey (Turner et a03). Reminding the respondents of other
options that also could use financial support d@trease the amount spent on a certain good
(embeddednes$Cummings et al. 1994; Edwards and Anderson.G&987).

The described approaches and methods are focusex$tmnating the value of a certain
resource. On some occasions, it can be assumeslitiaty will assign a certain value to soill

conservation in the form of preferences towardgexi§ic policy.
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The valuation techniques demand a lot of effortdaltecting information on the willingness
to pay or to accept but the results are still fasgth criticism due to the shortcomings and
variability of the used methods (see above, (Citchad Wilde 1992; Lazo et al. 1992)).
Although CBA for soil conservation programmes hhg fpotential of providing useful
information on the effects of a policy, the diffitas in estimating the total economic value of
soil and soil erosion can create bias in the ou&ash a CBA. Definition problems

surrounding the range of affected individuals mdg 8 the ambiguity.

4.5.2 Cost-Effectiveness-Analysis based on a Safe minimu&tandard

The cost-effectiveness-analysis (CEA) is the appatg tool for comparing different options
for achieving a certain specified objective withabe difficulties faced in cost-benefit
analysis (interest rates, methodological problemdirig the WTP) (Levin and McEwan

2001). It is not possible to analyse, whether gegtchas a net benefit to society with CEA,
but given a certain agreement within society tlugit ®nservation needs public intervention,
the most cost efficient solution can be found.

There are approaches that theoretically lead twmpamal solution but lack in feasibility under
real life conditions. However, an approach basedhenworks of Ciriacy-Wantrup (1963)

must be emphasised, as it allows a theory-baseticajgn within cost-effectiveness-

analysis. Ciriacy-Wantrup (1963) developed thisneronic conservation theory, which he
described as the “safe minimum standard” (SMS). fidlewing chapters will outline the

CEA and the concept of safe minimum standard.

4.5.2.1 Characteristics of CEA

For the CEA, not only are the net benefits (besefiinus costs) of two or more options

compared, but also the costs that arise from atigew certain goal. Therefore, the result of
the CEA is the ratio of goal achievement in relatio the costs or vice versa. In the example
of soil conservation, the cost-effectiveness shbaw many tons of erosion are avoided per
unit of money spent in conservation programmesherdosts of avoiding one ton erosion

through a specific programme.

Cost effectiveness ratio = tons of erosion avoided = tons/€/ha
costs of programme per hectare

Or: costs of programme per hectare= €/tons/ha
tons of erosion avoided
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The costs of a programme can be derived from teg ilo the total gross-margin of a given
area and/or the budget costs that arise from ineemayments. This study analyses the
opportunity costs of farmers for providing or adogtsoil conservation practices. In the case
of incentive payments through a conservation progna, these costs have to be added to the
gross margin changes of the region. The costsosi@r abatement can also be shown by the
shadow price of one erosion unit in an optimizatioodel, if the erosion variable is limited in

a model through a restriction.

4.5.2.2 Definitions

There is a multitude of definitions for the ternifeetiveness and efficiency; the differences
in meaning within the English and German vocabutarly adds to the confusion.

In order to avoid any confusion in the use of thieses, some working definitions for these
terms are given below:

Efficiency describes the economy of an action. The Gerfignher economic dictionary
(Rurup et al. 2002) defines efficiency as the “ewuit utility of a given situation; with
efficient decisions the economic principle is impented.” In the context of soil
conservation, the economic efficiency describes hamy tons of eroded soil can be avoided
with a given budget or as mentioned above, a gmenection level is implemented at a
certain cost.

Effectivenesslescribes the ability to achieve stated goals geables, judged in terms of
both output and impact (Bureau of Justice Assigd@06). The ecological effectiveness of
soil conservation measures quantifies the abilitthe degree of contribution of a measure to
soil erosion prevention (e.g. in tons/halyear).

To clarify the terms for this study the teefficiencyis reserved for the economic view, while
effectivenesslescribes more the physical term@ast-effectivenesefers back to efficiency,
as it describes the effectiveness of an action ametary terms. It is the effectiveness of a
certain measure related to its costs (Clark 19@&irand McEwan 2001). However, since
cost-effectiveness-analysis is a commonly used farconomics, it will be used as it is.

Efficiency is described as a cost-effectiveness rat

4.5.2.3 The Theoretical Background of Safe Minimum Standard

In Ciriacy-Wantrup’s book on the safe minimum stmdof conservation (SMS) (Ciriacy-
Wantrup 1963), he underlined that uncertaintiestefor the physical characteristics and
behaviour of natural resources. Given this unagigaany optimization procedure would be
only valid for one spot in a huge field of uncemt@ionditions. Therefore, it is justified in

natural sciences to find a threshold or to fornmulatgoal for conservation, a safety zone
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between the one spot optimal solution and the tamicgy of other outcomes. Ciriacy-
Wantrup stated in order to maximize welfare sucdoueces cannot be managed based on an
optimal management approach or a pure cost-bemaditysis that reflect the discounted
present value.

Ciriacy-Wantrup (1963) defined the SMS as a phydman: “... as a flow rate, as specified
physical conditions necessary for maintaining sacdtate through unspecified conservation
practices, or in terms of performance of specifieactices. In this sense, the safe minimum
standard may be regarded as a technological cartstraeconomic optimizing.”

However, Ciriacy-Wantrup specified later that tidSSapproach can also be defined as part
of the “objective function” rather than part of thexhnical constraints. “In this respect the
SMS is more akin to an institutional than a tecbgaal constraint” (Ciriacy-Wantrup 1963).
Toman (1994; cited in Pezzey and Toman 2002) uiméeklthe appropriateness of an
extended SMS as a link between efficiency constaers in cost-benefit analysis for
investments and ethical values that come into plaly long term, intergenerational equity:
“Standard trade-off [cost-benefit] analyses applyew the magnitude and duration of risks
are not very large, so moral stakes also are velgtiow; however, ethical norms become
increasingly important complements to trade-off lgses as the stakes rise”. This is
especially true for soils: the correlation of sasle and long term fertility of soils is affected
with uncertainty, soil replenishment rate are nobwn. Therefore, a safety zone above an
assumed “optimal” soil erosion rate is recommended.

In other words, SMS might not be a “straight fordlaeconomic tool, but it represents a
behaviour that is very common in most decision mgkprocesses, namely the setting of
binding limits, regulations and thresholds throagpolitical process with the help of policies
and laws.

In Ciriacy-Wantrup’s (1963) argumentation, he wribiie not a philosophical reason that calls
for such a standard but the mere uncertainty tlsabrapanies physical, biological and
ecological processes. As has been described befaserisks can be approximately measured
or defined, whereas uncertainty is beyond such umebsity. Therefore, an economic
valuation influenced by uncertainty would not detiany useful results.

Other authors had added further justifications tfee use of SMS. Most of these authors
developed the philosophical position that saysethare limits beyond which utilitarian
calculus ceases to be legitimate. Bishop (19789)188sumed that planners are unaware of
the probabilities of relevant events. Therefordamper should follow a “minimax” strategy,

which minimizes the maximum possible loss. “Thisatggy is tantamount to assuming the
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worst possible outcome is a certainty, and will mogeneral maximize welfare” (Margolis

and Naevdal 2004).

Since it is mostly questionable as to where to difagvline for a safe minimum standard,
Bishop (1978) introduced a decision rule, where ¢dipgion for conservation should be
maintained until the costs of conservation are jitfely high. An extreme example would

be that the extinction of any species is not a@a#et unless the survival of entire mankind is
threatened (see also Bishop 1979; Crowards 1998).

4.5.2.4 Implementation examples of a safe minimum standard

Most empirical examples used with SMS deal with eélkénction of species, e.g. a fish that
became extinct after the building of a dam, orl#s¢ Californian Condors endangered by oil
mining. However, Ciriacy-Wantrup (1963) explicitijpve the example of soil use regulations
that were in fact functioning as a safe minimurmdgad. The implementation of a SMS is
done by introducing either a threshold or a goahmsxogenous restriction in the decision
problem, which in fact is applying (and sociallycapting) the above mentioned technical

constraint on the use of a resource.

4.6 Theapplication of CEA with a Safe Minimum Standard

For this study, the Ciriacy-Wantrup statement gshe minimum standard as a threshold or a
safety zone between the one spot optimal soluttr@hthe uncertainty of other outcomes is
rather adequate. As stated before, the replenishraed erosion rates of soils are
characterized by uncertainty. Therefore, limitirayl sise to a socially agreed-on standard is
more advisable than finding an economic optimunt thaght bear the risk of complete
destruction of the resource (Dabbert 1994). Theafise safe minimum standard that is not
based on economic calculus but that allows theamedtle use of soils for more than one
generation offers intergenerational equity withdlié question of finding the “optimal”
interest rate for the discounting of future profieal world problems are never only a pure
economic problem, since they usually involve lemadl social spheres as well. These spheres
are linked by institutions such as property rightkjch govern the use of any resource based
on traditions, laws and moral boundaries (Tisd@81]) (see also Chapter 8).

In the case of this study this approach transiatesthe limitation of soil run-off proposed by
soil science, but which is assumed to be negotiatedl implemented through a political
system. The role of economics is then to analysectists that come with achieving such
goals and find options that minimise these cosist(effectiveness analysis). In other words:

The approach used in this study starts at a poimere the need for conservation is revealed
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by society through the time spent on the issue pol#tical process, the political will to
formulate relevant regulations and public moneywjated for the management and support of
soil conservation programmes. The task is then iba fefficient implementations of
conservation programmes for a given budget.

The safe minimum standard can be used to defingdhéto reduce soil erosion within an
area to a specific amount (see chapter 7, p. T0%).SMS is then implicitly formulated by a
maximum total sum of eroded soil that should notshgpassed within a region. The safe
minimum standard can also be used as a seleciieniaifor eligible areadpatial targeting

for soil conservation programmes (see chapter 5p4.14) when thresholds for potential soil
loss are applied.

4.7 The analysed implementation options

4.7.1 Definition of instruments and measures

Within this study,measuresandinstrumentsare distinguished following these definitions. A
soil conservation measurgefinesthe practical action or the production level of tlaem
(Bridges et al. 2001), while anstrumentis the tool on the policy level that influences the
farmer’'s actions through financial incentives, legagulations or farm extension to
implement (or to avoid) certameasuregWeersink et al. 1998).

The analysis of soil conservation measures musblenaoth predicates in terms of the
ecological effectiveness and the economic effigrefibie effects of measures and instruments
cannot be regarded in isolation from each other ihatead must be combined into a
consistent evaluation framework. Therefore, theneaac analysis of both the measures and
the assigned instruments is necessary.

In the following, implementation instruments (thaipies) and the on-farm measures will be
described. Finally, among these alternatives atiainselection will be made for further

analysis in the empirical part of this study.

4.7.2 Instruments

In Chapter 3.2 and 3.3 an overview of the availafdé&ruments for promoting environmental
goals was given for Germany. Chapter 4.4.1 destribese instruments from an economic
viewpoint.

Environmental economimstruments which are applicable to the agrarian sector casepr
legal regulations and prohibitions, incentives axeis as well as certificates (Weersink et al.
1998).

Of the given alternatives, two general options Wédlanalysed in this study:
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1. anincentive option, using subsidies for certain conservation measamds
2. a legal regulation option based on preventive prohibitions with allowed and
prohibited measures on highly erosive land.

The other options are not analysed for the realselusv:
Planning instruments are not suitable since they wed more for general decisions
concerning land use (i.e. zoning for residentialiratustrial areas). This instrument only
applies on a much higher level from a hierarchidgaelv on soil conservation approaches.
Changing the shape of fields involves a much highenber of stakeholders than only the
land users and the governmental agencies (Arzt 2083). Especially in Eastern Germany,
each field unit has more than one owner, even thdbg field is cultivated by only one
farmer. Changes in the field shape or the set-upeodgerows require the permission from
several owners, which is unpopular and uncommorthia region (Arzt et al. 2002).
Additionally, this option needs a different resdmapproach which goes beyond the scope of
this study. Regulations can have similar effectplasning instruments when they are used in
a site-specific way. A regulation that prohibitsl simmaging activities on highly erosive sites
is indeed a spatial planning tool. For this stutigse aspects are analysed in the example of a
regulation instrument. The application of an envimental impact assessment is not suitable
for soil conservation policies, since it is onlyeddor the evaluation of environmental effects
of large scale construction projects such as higbvwea electric power plants (Schmidt and
Muller 1992).
Thus, the two selected options represent apprepwatys in which soil conservation can be
promoted under the conditions of a given set ofperty rights and within a short time
horizon (Tisdell 1991). The incentive option fulcts in an indirect way as a negative tax in
the Pigou sense. This can be seen as accepting the exsstngf property rights combined
with temporally selling the right of use, namele thight to use the resource in a formerly
agreed-on way (Tisdell 1991).
The environmental effect of a legal regulation niigh clear and predictable. Depending on
the authority’s capabilities in control, the conapice to such an instrument might be
questionable (Latacz-Lohmann 2004). From a propéghis point of view, a legal regulation
is a partial transfer of property rights, i.e. tight of use is changed to less damaging level.
Voluntary incentive options have less foreseealifeces, since the adoption of such
instruments is dependent on many factors that gmruk the level of the given subsidy
(Drake et al. 1999). However, the resistance ag#nesimplementation of such instruments is

usually lower than those against legal regulatidritie instrument is not suitable, the farmers
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will not adopt it (Falconer 2000; McCann and Easit®89a). Economic factors related to
adoption can be modelled based on average valumsd@x 2001; Schuler and Kéachele
2003). Factors based on attitudes are difficuthtwlel, they require empirical surveys (Drake
et al. 1999; Falconer 2000; McCann and Easter )9%#ch resistance will be addressed
under the chapter on transaction costs (see Ch@pter

4.7.3 Measures
The practicaimeasuresexamined in this study that serve as variablegHerprevention of
Soil erosion comprise:

» the cultivation of crops with a lower erosion risk,

» cultivation of cover crops,

e under-sown crops,

* reduced tillage systems.
Crops themselves vary highly in terms of their etibs Highly erosive sites can be
converted from arable land to grassland, whichthadowest soil erosion risk among all the
production activities. Corn has higher erosion gatean winter wheat. Other options for
reducing run-off from agricultural fields are theeuof intermediate and under-sown crops.
Reduced tillage systems leave the soil more covertdresidues, thus reducing the risk of
soil getting washed away by rainfall. The actudlga for these production alternatives are
shown later in a separate chapter (see Chapter 5).
The re-designing of agricultural areas can als@ Ipeevent erosion enforcing field shapes
(i.e. with long slopes). However, the change dfdfi®ze, shape or the building of terraces is
not implemented in the model because such changeally demand higher efforts in
planning (see instruments) and are not comparabtnisite measures e.g. reduced tillage.
The feasibility of such measures are usually chghel with strong resistance in the given
property rights framework (Arzt et al. 2003).
The final model set up will be described in mordgadein Chapter 6. At this point, a
theoretical approach will be developed, which \aHld to a cost-effectiveness-analysis based

on a safe minimum standard.
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5 Soil erosion risk assessment of sites and croppipgactices —
the effectiveness of soil conservation measures

For the cost-effectiveness-analysis of soil corsosm measures, two parameters are used,
which describe the soil erosion risk of each agdpical measure on different sites so that the
performance of a measure is related to its coske fwo parameters for the erosion
assessment are:

1. a parameter describing the potential erosion risthe agricultural land (erodibility)

(Chapter 5.1),
2. a parameter that describes the erosivity of eadhbudtyrral practice (Chapter 5.2),
3. and a combination of both parameters showing thenpi@al erosion risk of a specific
practice on a specific site (Chapter 5.3).

As a precondition, a model that provides this sadlsion risk assessment based on data that
are easily available from GIS sources (which déscsoil qualities, land use patterns and
elevation maps) is needed.
The soil erosion model itself provides in a firteps separate values for the site erodibility
(e.g. the natural conditions of the area and theesponding risk) so that areas with an
elevated erosion risk can be found (1). In the isécstep, the effects of management
decisions such as the crops chosen and the tillegices are evaluated with a more specific
assessment model based on a fuzzy logic tool (atkeiS(2007)). This parameter describes
the erosivity of each agricultural practice on adfic site serving as a parameter in the bio-
economic model (2). The combination of both paramsets shown in chapter 5.4. As an
example, the effects of thresholds that were agpiie the site specific soil erosion risk data

for the selection of eligible areas in soil conséion programmes is described in chapter 5.4.

5.1 The potential erosion risk of the agricultural land

5.1.1 Erosion models for estimating soil erosion risk
This study’s focus is on soil degradation causedehysion through run-off. Therefore,
information on the specific soil erosion risk iseded. Several models had been developed
and applied to fulfil this task. Bork (1991) hadtiliguished these models into three groups
according to the way soil erosion processes arerithes!:

1. Empirical soil erosion models

2. Deterministic-analytical models

3. Dynamic-deterministic-numerical models
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More details will be shown in the following chagger

5.1.1.1 Empirical soil erosion models

This group comprises pure empirical models thatllgiconsist of simple regressions that
describe soil erosion as a result of empiricallyasuged soil losses, calculated with a limited
number of parameters. These models are based @orttetation of measured erosion values
and easily measured information i.e. precipitatieni], slope, vegetation and tillage. Input
data needs are rather low. Such models are generaly applicable in areas they are
calibrated for, so the transfer of these modele wther regions is not appropriate. Even
though these models are rather simple and limitettheir temporal detailedness of soil loss
events (i.e. usually average values for one y#ae), are widely used to help choose eligible
areas for soil conservation measures. Typical exesrgre the “Universal soil loss equation”
(USLE) (Wischmeier and Smith 1978) and the Germataptation “Allgemeine
Bodenabtragsgleichung” (ABAG) (Schwertmann et 8B7). Even though these models were
developed for use at the field scale level, theyehlbeen successfully applied for the soil
erosion risk assessment of larger areas (Renaail 091). The original USLE was later
improved in some of its factors and named as thesed Universal Soil loss equation
(RUSLE) (Renard et al. 1991).

5.1.1.2 Deterministic-analytical models

A second group of soil erosion models is descriaedeterministic-analytical models (Bork
1991). These models are based on general rulespleygics, chemistry) that are used to
describe the erosion processes with simplified erattical equations. An example of this
model type is the Water Erosion Prediction Pro{#¢EPP) (Laflen et al. 1991). Data needs,
as well as the computational efforts for these nedee higher. To some extent, the transfer
of these models to other regions is possible. Hewethe high effort for model developing
and validation, the huge data needs and the lomgenputation times outweigh the
advantages provided by the models, when only amsi@rorisk assessment is needed.
Furthermore, deterministic-analytical models a0 ampirical models but the theories and
rules they are based on are not as simple asliesggn models.

Another model type that is widely used in bio-eaommodels (e.g. Barbier and Bergeron
1999; Deybe and Flichman 1991; Donaldson et al5189the Erosion Productivity Impact
Calculator Model (EPIC) (Williams et al. 1983); adel that includes a plant growth model
in its erosion assessment. This plant growth matlelvs the implementation of the mutual
effects of plant cover and soil erosion. Low sa@pths decrease the fertility of soils but a

dense plant cover of the soil slows down erosiatgsses. Nutrient loss through soil that is
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washed from the fields is also considered. Soiperties are characterized by factors taken
from the USLE.

5.1.1.3 Dynamic-deterministic-numerical models

A third group is described as dynamic-determiniaticnerical models (Bork 1991), which
uses solving strategies from numerical mathematfibese models can give an almost exact
description of the erosion processes but givenhigh data needs and the extremely high
computational efforts, these models are only applie for small parts of a landscape and are

not yet suitable for the assessment of larger areas

5.1.2 The soil erosion risk model in this study - an adajed USLE approach
For the assessment of the soil erosion risk ofsthdy region an adapted approach based on
the USLE, which was adapted to the specific rebeapeds of this study was chosen (see
Chapter 5.1.1.1) (German version: ABAG (Schwertmeinal. 1987)). The model was chosen
for reasons of practicability and sufficient degdihess in the description of the soil erosion
risk.
The factors of the USLE can be divided into twoup® (see Figure 7):

1) site specific properties (e.g. soil conditicainfall) and

2) factors that are dependent on the land usetisrscand management decisions.

A=R*K*LS*C*P

A = average annual soil loss in t/ha (tons per hectare)

R = rainfall erosivity index

LS = topographic factor properties
L = slope length

A

S = slope inclination

Dependent on
« management
decisions

C = cropping factor

P = conservation practice factor

Source: own presentation; based on Wischmeier anith9.978

Figure 7: Universal Soil Loss Equation: Explanationand classification of factors

Of the factors in the second group in Figure 7ppiog factor C is the most crucial factor for
this study since it reflects the decision variabiéhin the modelling system, e.g. the crops
used and the tillage system applied.

Generally, the USLE is used to calculate site djgeerosion values without the distinction of
both groups. It is important to note that for tmedel, both groups are calculated separately
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in order to distinguish between site specific engisk and the erosion risk that is caused by
the management decisions. In the following, the sigecific erosion risk will first be derived.
After this, the influence of the cropping practiceil be done. Finally, after the design of the
bio-economic model, the combination of both growpd show the potential erosion risk

based both on site conditions, crop selection aadagement effects.

5.1.3 Erosion risk assessment of site conditions

The site specific data was based on research dprizebmlich et al. (1996). Precipitation
data is available for the region on a daily basw data was taken from a meso-scale
agricultural soil characterization map (Schmidt &dmann 1981), a map that was used to
describe soil quality, slopes, hydrologic propext all agricultural areas of the former
German Democratic Republic. The topographic fa@orslope length and inclination was
provided by a digital elevation model. Data resolutwas based on a grid of 25x25 meter,
(see also Sattler 2007). Forests and other nowctdynial area (e.g. settlements) were filtered
within the GIS system on the basis of a biotope pimap approach (Landesumweltamt
Brandenburg (LUA) 2002).

For the purpose of a general assessment of thenfegrosion risk, the C-factor is fixed to
the average value (C-factor = 0,11) of the usuap @hare that is grown in the region, as a
single value that represents the average risk @si@n for the whole region is needed (see
(Deumlich et al. 1996)). Note, that this C-factereplaced in Chapter 5.3 by the values that
are derived in a separate process (Chapter 5.2).

The values of the 25 x 25 meter grid cells in th& srosion assessment map describe the
potential soil erosion risk with a regional averageéation under current conditions in the
study region (Deumlich et al. 1996) (see FigureTis procedure provides a standardised
risk assessment of the area without the influericifiering C-factors (potential erosion risk
under current agricultural practices).

White areas are forests and settlements that hese éxcluded from the calculations. Note
the heterogeneity of the landscape reflected insttadtered pattern of highly erodible land

next to land with low erosion risk values.
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Average soil
loss [t/ha*a]

O
0.01-0.3
I 0.3 -1
1-4
4-8
8 -40
[ |No Data

] 7 14 Kilometers

Source: Deumlich et al. 1996

Figure 8: Erosion risk map of the study region groped according to soil erosion risk categories from
Table 6

5.1.3.1 Selection of appropriate soil unit sizes

In order to represent agricultural management umtter and to reduce the computational
efforts for a regional model, the site-specificson risk values based on the 25 x 25 meters
cells within the GIS-database had to be aggregated.

Therefore, the original grids were aggregated utinge different scale levels. The first scale
level was aggregated to grids of 100 x 100 metielsgrepresenting 1 ha of agricultural area,
while a second scale used was formed by grids 6fx5800 meters. The resulting size of

25 ha is the typical field size in North-Easterm@any (Werner 2006). Another aggregation

method, which is based on GIS-shape files des@ithie spatial situation of aggregated EU

administration units was additionally used (IAC$; IN\VEKOS). These units summarise

°Integrated Administration and Control System. Camebi the electronic coverage, processing, contrdl an

payment of EU subsidy application. Dtegriertes Verwaltungs- und Kontrollsystem

64



Chapter 5 — Soil erosion risk assessment of sitdeopping practices

actual land units (d&lur), which are stored in a database for administdeideghectare based
payments. The advantage of these units is thatateyelated to real field units, which would
facilitate the possible implementation by agrictatuadministration agencies. Furthermore,
data were available from the same source describi@grops grown on these units for the
last two years (Matzdorf et al. 2003), based onreggied project data). These data were also

used to calibrate the economic model and validateesults (see chapter 7.4).

5.1.3.2 Statistical choice criteria for the potential erddity of aggregated grid cells

For the aggregation of the basic 25 m-grid celi&adistical method is needed to give each
aggregated cell a value for its potential soil EnosGIS-software offers two methods for the
aggregation of data: either the maximum or the medime of a group of grid cells describes
the aggregated value.

An example for the aggregation options is demoteddran Figure 9: While the ‘max’
command uses the maximum value of the grouped teliefine the resulting grid cell, the

‘mean’ command gives the arithmetical mean to tfgregated cell.

1 1 blockmax 4 4 resample

> > 4
2 4 4 4
1 1 blockmean 2 2 resample

> > 2
2 4 2 2

Figure 9: Aggregation commands used in GIS; initialalues transformed with ‘mean’ or ‘max’, then
resampled to new grid cell (Sattler 2007)

Figure 10 explains the reason why different staasfunctions had to be taken into account.
If a mean value over the sum of erosion risk valuesld be used, the erosion risk in an area
with heterogeneous erosion risk values due to dlad hilly parts within it would be
underestimated. The maximum value within a groupgiedl cells overestimates the risk.
However, information that point out areas that sh@vwhigh erosion potential within an
aggregated cell is valuable and should not be alibte get lost through averaging the risk. A
possible solution is to split the aggregation imtdabelling and a calculation step. The
labelling step shows the method used to generdtgmiation regarding the contained
aggregated cells (maximum or mean values), whaecticulation step produces the expected
soil erosion risk as a real value (e.g. tons petdne). As a result, two types of aggregation

were applied:
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1.) The statistical mean generates the average whlan aggregated grid cell. This procedure
accepts the potential levelling of erosion valuesMeen high and low erosion risk cells. Both
labelling and calculation for the potential erosievel of an aggregated plot are done with the
mean value. The option’s acronym is therefoneeé€ (mean-mean), describing that the
mean value is used for both the labelling and thleutation of the erosivity. The pure
maximum aggregation method (see Figure 10, botélllag and calculation using the max

value) was rejected since it overestimated thei@massk in the region.

Real Erosion risk GIS aggregation
situation: data: methods:
River valley GIS information
with slopes based on small Mean of
grid cells — risk
values
high
Very
high Maximum
low value
none
Mean value
plus
‘ information
about
Maximum

Figure 10: Aggregation methods for soil erosion risinformation using different statistical functions

2.) As a synthesis of both maximum and mean metihedsecond method uses the maximum
option to mark cells with a high erosion risk, iteke maximum value among the cells that
form one aggregated unit. This value is choseresziibe the whole unit as a specific erosion
risk group. For the actual calculation of potentall erosion caused by each cropping
activity in the model, the mean value of each iselised, in order to avoid the overestimation
of potential soil depletion. This procedure presgethte levelling around the mean value and
covering potential high erosion risk along stegmtgraphic units such as river banks or steep
hills, while still showing the actual erosion ripktentials. The option’s acronym summarises
as ‘mame’ (maximum-mean), where “ma-" stands for maximumueaused to find high

erosive units, and —me is used for calculating qieaesoil erosion.
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5.1.3.3 Clustering into soil categories

The resulting aggregated units were grouped integcaies in order to further reduce the
number of individual units. The site specific eorsirisk values that were calculated
individually for every single grid cell of the salaparea were clustered in the first step to
form 6 erosivity field types (see Table 6) that vdased on expert opinion and reflect the
heterogenous conditions of the case study aredl€iS@007). A German study on water
protection considered erosion risk of less tharha*a as still very low (Frede and Dabbert
1998). However, in this study the lower groupingele were useful since the averaging effect

of the applied aggregation method caused ovenakidevels of erosion risk.

Table 6: Categories of the site specific erosionsik for water erosion based on the ABAG-USLE

assessment with a standard C-factor (0.11)

Cat. Risk of water erosion  Soil erosion [t/ha*a]

1 none 0

2 very low 0,01-0,3
3 low 0,3-1
4 moderate 1-4
5 high 4-8

6 very high > 8

Source: Sattler 2007

Then, in the second step, three soil quality ce$sesed on the German soil quality system
(dt. Ackerzah) were used to cluster the GIS-soil data of theoregThe applied soil quality
classes (25, 38, 50) represent the medians ofltisteced soil classes. The later described
farm model uses such soil fertility classes toidgtish the yield levels. Finally, the soil
quality classes are combined with the erosion c&tegories to generate 18 soil types (see
Table 7).

Table 7:  Erosion risk—soil quality types as a comipiation of soil quality class and erosion risk cateqyy

Soil qualiy class (AZKL) Erosion risk category (accto Table 6)

1 2 3 4 5 6

25 251 252 253 254 255 256
38 381 382 383 384 385 386
50 501 502 503 504 505 506

Source: Sattler 2007

Table 8 summarises the possible combinations ofvibestatistical grid aggregation methods
and the three land size categories. The first gfattie resulting key describes the aggregated
grid sizes followed by the key for the GIS aggregamethod.
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Table 8: Possible combinations of statistical gridggregation and threshold values

GIS aggregation method

Optional grid sizes mame meme
option 100

100 x 100 m = 1 ha 100_mame 100_meme
option 500

500 x 500 m = 25 ha (average 500_mame 500_meme

field size of region)

option land unit FL_mame FL_meme

Source: own presentation

The aggregation method can therefore be a cruoiat jif GIS data is used for handing out
payments for soil conservation programmes. Fofuhi@er analysis in this study, a selection
from these combinations had to be made becausesthef all the combinations would be far
too complex. Therefore, the option of a 100 x 1@eangrid with a mean aggregation method
(100_meme) was chosen, since it provides the hvadihle resolution of the three grid size
options and reflects sufficiently the soil erosiigk based on the average of the aggregated
cells. Even though the mean value method does cmme levelling of the values, the results
are still easier to interpret compared to the comtbon of maximum and average values.

5.2 Erosion risk assessment of cropping practices with a fuzzy-logic model

It was stated in the introduction of chapter 5 thgiarameter that describes the erosivity of
each agricultural practice on a specific site sgnas an indicator in a bio-economic model
was needed. Within the cropping practice datab&gbeolater described model MODAM,
every single work step of a cropping practice isatided (ploughing, spraying of pesticides,
harvesting etc.). This information can be useddnegate such a cropping practice specific
parameter.

Because the management decisions (i.e. the che@epre and tillage practices) have a high
influence on the resulting erosion risk, the crogpiactor (C-factor) within the USLE (Figure
7, p.62) is calculated more specifically. In thieps the crop and management specific C-
factors are derived with a fuzzy-logic t&b(Sattler 2007). For each soil category combined
with a specific cropping system, a soil erosiork n@lue is calculated. This provides a
comprehensive assessment of the soil erosion oisllf site categories combined with all

19 Note that this fuzzy logic model is subject of #rew research project and was not developed batikigor.
The approach and all results generated concerhingdil erosion risk properties of cropping prasgibelong to
the works of Sattler (2007), but are confirmed ¢éoulsed in this study.
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available cropping practices. The conservationtpadactor (P-factor) is set as a fixed value,
since there is no empirical data on site-speciitservation efforts in the region.
Table 9 and Table 10 give an overview of the crgmes$ and the corresponding cropping
practices that are implemented in the model. Feryerop, the possible cropping practices
are described in the database. A cropping praigtigenerally defined as a combination of

» the tillage system (plough or reduced),

* whether intercrops or undersown crops are used,

» the type of fertilizing and

* whether by-products are harvested.
Cropping practices that are not feasible for aatertrop based on expert knowledge are not
included in the database (see Sattler 2007).
The factors used for the evaluation of croppingvéeds are as follows (Sattler 2007):
a) Water erosion in summer half-year

e crop depending soil cover in summer half-year

* type of cropping practice (plough, reduced tillagetegration of intercrops and

undersown crops)

b) Water erosion in winter half-year

e crop depending soil cover in winter half-year

e number of cross-overs during winter half-year

» type of tillage during winter half-year dependingtbe grown crop

» date of sowing for winter cereals (winter wheatter rye)
This information is used within the fuzzy logic expsystem, which provides the possibility
of ranking the cropping activities according toitherosivity risk. In the second step, the
dimensionless erosion risk values of the fuzzydogxpert system were calibrated to the
values of known standard practices of each croppotiyity (Sattler 2007). This allows the
generation of approximated values even for cropmgrartices that had not been tested in
field experiments. Furthermore, this procedure [ges a consistent evaluation system for all
cropping practices that have not been tested whdesame conditions.
All factors are introduced in a step wise procednte the fuzzy-model that finally calculates
a single value for each cropping activity, whicpresents approximately a cropping practice
specific C-factor. In combination with the site sibe erodibility values, a potential soil
erosion risk in tons per hectare and year can bergéed that is similar to the result from a

standard USLE calculation (see the following chgpte
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Table 9: Combinations of cropping practices implemsted in the farm model
Key Tillage Intercrops Undersown Manuring Harvest by-product
00 Conventional Tillage no no no no
01 Conventional Tillage no no no yes
02 Conventional Tillage  no no liquid no
03 Conventional Tillage  no no liquid yes
04 Conventional Tillage  no no solid no
05 Conventional Tillage no no solid yes
06 Reduced Tillage no no no no
07 Reduced Tillage no no no yes
08 Reduced Tillage no no liquid no
10 Reduced Tillage no no solid no
12 Conventional Tillage  no yes no no
13 Conventional Tillage  no yes no yes
18 Reduced Tillage no yes no no
24 Conventional Tillage yes no no no
25 Conventional Tillage yes no no yes
26 Conventional Tillage yes no liquid no
27 Conventional Tillage yes no liquid yes
28 Conventional Tillage yes no solid no
29 Conventional Tillage yes no solid yes
48 Conventional Tillage (yes) no no no
54 Reduced Tillage (yes) no no no

Source: Zander 2003

Table 10: Crop types implemented in the farm model

Cropping practice

Crop type

00 01 02 03 04 05 06 O7 08 10 12 13 18 24 25 26 27 28 29 48 54

Uncropped arable land

Peas

Yellow lupin, grain
Oats

Alfalfa
Linseed/flax
Sunflowers
Spring barley
Potatoes
Corn, silage
Set-aside
Spring wheat
Triticale
Winter barley
Rapeseed
Winter rye
Winter wheat
Sugar-beets

x

X X X x X X X

X

x X X X

X X X X X X

Source: Zander 2003
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5.3 Combination of erosivity and erodibility values

In the last step, the erosion risk value of a chnogmctivity (fuzzy calculated C-factor) is
combined with the site specific erosion risk valsee Figure 11). This procedure ensures that
each cropping activity is assigned with a speati erosion level on a specific soil type grid
cell. A combination of a highly erosive croppinggtice with highly erodible soils will result

in a high erosion risk. Combinations of high eraldyp with low erosive practice will only
cause medium levels of erosion risk. Note thatrdsilting values are based on a cardinal
scale, i.e. each combination has one specific viitures/ha/year). The final evaluation table
holds information for the combination of each crimgppractice with each erosion risk—soil
guality type. Given the number of crops, tillagestseyns and combinations of intercrops, a
total number of 315 cropping activities were evtdda(see Sattler 2007), which were

differentiated for the 18 soil categories for spiklity and erodibility.

Erosivity of practice

v

low medium

Erodibility
of soll medium high

Source: own presentation

Figure 11: Schematic representation of the combinain of erosivity (C-factor) and erodibility (soll
properties)

An example is shown in growing sugar beets usiroygt tillage without intercrops on a

certain soil type combined with a slope and climatiibute. The same cropping activity

showed a growing soil erosion risk (ton/ha/a) delrem on the site specific soil erosion risk
category, which was based on soil types and topbigdactors (see Table 11), which ranged
between 0 and 3.60 tons/ha/a.
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Table 11: Potential soil erosion risk for sugar bets depending on the soil erosion risk category (stalard
practice: plough, no intercrop, no manure), soil type 38

Erosion risk—soil quality types Potential soil erosion risk

(tons/ha/a’
38 1 0
38 2 0.06
38_3 0.18
38 4 0.57
38 5 1.40
38 6 3.60

Dataset: ZRU1100a AzKI 38 100 grid mean value (&a2007)

Figure 12 shows the example of different crops grawith a comparable standard tillage
system (plough, no intercrops) on potential sadlsern rates. Corn showed the highest soil
erosion risk (4.2 tons/ha/a), while set aside alfalfa showed the lowest soil loss (<0.1
tons/ha/a).

4,5

3,5 7

2,5 A

1,5

soil erosion risk tons/halyear)

0,5

corn (silage)
sugar beets
sun flowers
potatoes

flax

lupines

winter wheat
triticale

rape seed
oats

summer wheat
winter rye
peas (fodder)
summer barley
winter barley
alfalfa

set aside

Source: Sattler 2007; own presentation

Figure 12: Potential soil erosion rates of crops \h comparable tillage system (plough, standard praée)
on sites with the highest erosion risk (dataset: C38_6, 100meme)

Figure 13 shows the mean value of each crop asasdtie maximum and minimum value of
each crop. The figure demonstrates that crops witiigh mean value (e.g. corn or sugar
beets) cannot achieve values of low erosion crepen when a conservation practice that
provides the lowest erosion value for this cropged. However, it also shows the bandwidth

that is given for each crop through the changd&efcropping practice.
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soil erosion risk tons/halyear
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Figure 13: Mean of soil erosion risk per crop inclding minimum and maximum value (n= numbers of
cropping practices per crop and soil category type)

Discussion of the fuzzy assessment method

A critical point of the fuzzy logic assessment noetls (similar to all expert based evaluation
systems) that the results are only partially basedempirically gathered data and derived
from the experts’ rules and knowledge. The valusws anly be as good as provided by the
experts that proposed the way each single work skepld be evaluated. However, this
approach reduces time and money spent on datarig@ath@&he results are, at least for the
standard cropping practices, calibrated on emplyickerived C-factors and provide an easy
to use database for a consistent ranking of thsi@raisk of cropping activities (for more
details see Sattler (2007). This approach beaesdaantage over pure empirical models, as it
allows the expansion of the scope of evaluated pingp practices within a consistent
framework without the need for further field trials

5.4 The effects of erosion risk thresholdsin soil conservation programmes

This chapter gives an example of how differentgdhodéds and aggregation options influence
the size of eligible areas for soil conservatioogpammes. Three possible thresholds that can
be used to select eligible land for soil conseoraprogrammes will be described. Then, an
example of how these thresholds are applied fquezic soil category derived in chapter
5.1.3 is shown.
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5.4.1 Threshold options for soil conservation programmes

Firstly, some references from soil science regardmossible thresholds of tolerable soil
erosion rates are shown. In soil science, thedblersoil erosion rate is defined as the amount
of eroded soil per year that is below or equalht® tegeneration rate, which is the annual
amount of new fertile top soil produced from ungierd soil material (Schachtschabel et al.
1992). This threshold is based on a strong sudigiityacriterion. Other thresholds based on
political decisions might not meet such strong @uastbility criteria. However, they have to
be taken into account as the outcome of agreenmntompromises between long-term
sustainability and short-term decisions of farm&h® have to consider competitiveness. For
this study, three different thresholds were analyséh two of them based on scientifically
derived thresholds given in the literature (Frighaus 1998; Schwertmann et al. 1987) and

one as a possible agreement on the political level.

5.4.1.1 Zero ton erosion threshold

Frielinghaus et al. (1998) argued that for moslssibie regeneration or new build-up of the
top soil is too small to be measured. Thereforey foroposed a way of agricultural practice
that avoids any erosion from agricultural fields.

This can only be achieved through measures thdieyond simple changes in cultivation

options like i.e. reduced tillage. The approaclolugs an individual screening or the audit of
farms with specific consideration for the erosiviy each field. The proposed measures
comprise also set aside and the change from aralgeassland for highly erosive parts of a
field.

In order to describe the aim of this approach aely, the resulting tolerable erosion of any
cropping activity is set at a threshold of lessitbae ton/ha/a for any field type. A threshold
of zero would result in a non-feasible solution #gofarm model, for any agricultural practice

would result in at least some erosion (see Figde.X3). Even though the authors tried
generally to avoid discussions about thresholdsel{fRghaus et al. 1998), the proposed

measures were aimed at levels of almost zero toassion.

5.4.1.2 Variable soil erosion threshold that is dependemsoil quality

Schwertmann et al. (1987) proposed a tolerableiardgvel that was dependent on soil
quality. Soils of lower quality (e.g. sandy or lawganic matter) are less able to tolerate
erosion compared to loamy, more fertile soils. @bthors developed a simple equation based
on the German soil quality indeAd¢kerzah) ranging from 0 to 100, with 100 representing the
most fertile soils in Germany. This index divideg B represents a soil quality based

threshold for tolerable soil erosion per ha and Y€&E).
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TSE/ha/a=SQI /8

TSE
SQlI

Tolerable soil erosion by water

Soil quality index

For this study, the tolerable soil loss resultthmfollowing calculated numbers, see Table 12.

Table 12: Soil quality index classes used in the rdel and the respective tolerable soil erosion by wer

Tolerable soil erosion by water

Soil quality index (SQI) (TSE) (Yha/a)

25 0.3
38 1
50 4

Source: Schwertmann et al. 1987

5.4.1.3 A Standard Soil Erosion Threshold

Standard-based thresholds, which are discussdueqguoticy level more than promoted by the
scientific world are tolerable erosion rates foedfic regions issued by soil conservation
authorities. Examples of these thresholds are gadfienaximum 7.4 tons/hal/year for Ontario,
Canada (Stone 2000) or 10 tons/hal/year (Bayerisahdesanstalt fir Landwirtschaft (LfL)
2004). Even though such high thresholds are quesdion soil science (Frielinghaus et al.
1998), a standard threshold was used in the modaiavide a value that might be of interest
in a political process. Calculations were done aitheight ton threshold per hectare and year,
representing the highest category chosen for thssification of water erosion risk in
Brandenburg by Deumlich et al. (1996).

This procedure was chosen because thresholds prbbig scientists were usually questioned
and not directly transferred into binding laws dgriegislation processes. This value can be
seen as a scenario for the outcome of a policy mggbrocess that mostly does not reflect the
most preferred solution from one part of the ineol\stakeholders.

5.4.2 Applying erosion thresholds as a eligibility critefa

Table 13 summarizes the threshold levels and tieé@rences. All thresholds are based on
comprehensible criteria from a scientific or pachti viewpoint. However, in a political
process, sustainability is only one criterion timituences decision-making. Therefore, none

of these thresholds can be designated as the “talag.
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Table 13: Overview for different threshold levels ér soil erosion and references

Tolerable soil Soil quality index / 8

erosion (TSE) < 1tha*a (t’ha*a) 8tha*a

Notes Soil recovery or Tolerable soil run-off a probable
regeneration not in ton/ha*a derived compromise, not
measurable under  from formula: sustainable, but still a
normal conditions (< TSE/ha*a = SQI /8 limiting threshold on
1t/ha*a), threshold < highly erodible fields
1 t/ha

References (Frielinghaus et al.  (Schwertmann et al. e.g. (Bayerische
1998) 1987), p.12) Landesanstalt fur

Landwirtschaft (LfL)

2004)

If these thresholds are applied to the soil categan chapter 5.1.3, which are based on a
standard C-factor, the resulting area above suesltiolds could vary extremely. Figure 14
shows the share of “above threshold” soil categuithin the “100_meme” dataset. If such
thresholds were to be used to select eligible fandoil conservation programmes, the share

could vary between 8 percent (8ton/ha/a thresholdp percent (1 ton/ha/a) of the total area.

100 4

90

80

70 A

60 1

50 A

40 +

Percentage of eligible land

30 A

20 4

10 4

.

1 ton/ha/a soil quality/8 8 tons/ha/a

Threshold option

Source: own calculations

Figure 14: Percentage of possible eligible land faoil conservation programmes depending on the
threshold levels

If a soil conservation programme is tied to a thodd level, the choice of the selection
method is important for the size of the area that programme is eligible for (Table 14).

When a threshold of 1 tons/ha/a is chosen, at [E3& percent of the total area would be

76



Chapter 5 — Soil erosion risk assessment of sitdeopping practices

selected. If the ‘mame’ method is used for aggiagahe grid cells, at least 31.2 percent of
the area would be above the threshold level, uatka could rise up to 100 percent.

Table 14: Area with erosion above threshold dependg on grid size, aggregation method and threshold
levels

Grid size GIS aggregation method threshold area ahe@ threshold
%

FL mame variable 100.0
FL mame <1 100.0
FL meme <1 100.0
500 mame <1 99.8
500 mame variable 99.1
100 mame <1 95.8
500 meme <1 94.5
FL meme variable 94.3
500 mame 8 86.8
100 mame variable 84.6
100 meme <1 78.8
500 meme variable 70.8
100 meme variable 63.1
FL mame 8 34.8
100 mame 8 31.2
100 meme 8 8.2
500 meme 8 5.0
FL meme 8 1.1

Source: own calculations

The aggregation method, grid size and thresholdstlverefore be crucial points, when GIS
data is used to hand out payments for soil conservgprogrammes. By influencing the
political process of threshold settings and ardactien, stakeholders can vary the size of
eligible land and the amount of possible paymeptshgctare in case such an implementation
instrument was chosen.

In order to reduce the computational efforts, omhe GIS-dataset for the soil erosion risk
assessment was chosen for the bio-economic motahwas derived in chapter 5.1.3. This
chapter showed that the analysis of GIS data amdirtiplementation of thresholds bear
problems that need further research, but are betfandcope of this study.

The thresholds described in this chapter will sesv@ benchmark for the modelling results of
soil conservation policy options in chapter 7. Thegre not used directly as a selection
criteria (target values) for certain crops or criogppractices because such a criteria would be

too restrictive in a spatially detailed model.
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6 A bio-economic model for the analysis of policy ineuments

and on-farm measures

6.1 Review of economic modelsin the context of soil conservation

6.1.1 Different ways of analysis

Soil conservation has been approached economiicatlyfferent ways. Furtan and Hosseini
(2003) described attempts “from quantifying theioral impacts of soil loss to identifying
the factors which influence a farmer’s soil managetrecisions.”

Some studies follow a clear CBA structure, (e.gelabn 1979), whereas others use dynamic
modelling approaches in order to generate oppdstwasts for CBA, (e.g. Lu and Stocking
1998). All approaches use more or less explicitiytibty function either defined as society’s
welfare (e.g. Abelson 1979) or the individual'sfir¢e.g. McConnell 1983).

Most of the research activities were done in theritemporal modelling of soil erosion
because the impacts of soil loss are an inter-teahpooblem (Furtan and Hosseini 2003).
Generally, such models employ the optimal contheloty of dynamic programming. These
models allow decision makers (e.g. farmers) to makestment decisions with a definite
planning horizon in mind. Information regarding datenure, land quality, etc. can also be
included in such models (Furtan and Hosseini 2088)gramming models usually try to
simulate an individual behaviour of profit maximima, however they also can be used to
optimize a social decision making process (Yang.e2003). Such models are used as one of
the main methods for deriving tlo@portunity cost®f specific conservation strategies. These
models are used to derive an economic preferalilgi@o for resource conservation. They
can show the interdependencies between resourcanaséhe economic performance of an
individual or a region in different scenarios; esqil erosion and the economic performance
of a farm. This method can show trade-offs betwesiource use and commodity production
that can be used as an efficiency scale. It alscatso provide economic solutions based on

the optimization of the resource use.

6.1.2 Available modelling approaches

There are numerous possibilities for modellingebhenomic behaviour of a region or a farm.
One of the fundamental questions is whether anauetric model (Forster 2000; Forster and
Rausch 2002) or models that follow a programmingregach should be applied (e.g. Fox et
al. 1995; Yang et al. 2003).

78



Chapter 6 — A bio-economic model for the analy$igadicy instruments and on-farm measures

Given the fact that this study evaluates altereapiglicy designs and scenarios that describe
the use of new agricultural practices, an approacheeded that allows for an ex-ante-
analysis.

The results and behaviour of econometric modelsuatmlly based on reactions that have
been observed in the past. Through the use ofttali tools the possible reactions to the
change of exogenous variables are estimated. Howevehis study the available empirical
data was too sparse to base an econometric modeFuthermore, the effort to get
information on the production practices of evergiwidual farmer is too costly. In addition,
new instruments had been introduced and differetst af eligible land for soil conservation
programmes were chosen, which have not been eedlbafore in this context.

Programming models are more suitable for analysivegeconomic behaviour of farms or
regions because of the models’ inherent assumpfigmofit maximization by a farmer. This
helps in analysing the adjustments of the modainyp given scenario. Programming models
are based on observed data and allow for an exesaleation (Paris 1991).

Linear programming models and other non-linear m@ogning models had been used to
optimize the solution of manifold planning problefos more than 50 years (Paris 1991). The
simplex-algorithm developed by Dantzig (1963) idl sieing successfully used in many
applications of this type. The fundamental idesghese models is still the same even though
there had been some changes and improvements imdeelying functions and the software
used (Arriaza and Gomez-Limon 2003; Umstatter 19@8)e of the main improvements in
this modelling approach is the improved calibratbdrthese models using empirical data of a
base period (Positive Mathematical Programming: PNHowitt 1995; Paris and Howitt
1998). LP models are used both to optimize farnerpnises and to simulate policy effects in

support of decision making on the administrative kgislative levels (Heckelei 2002).

6.1.3 An overview of policy relevant studies

In the following, a selection of policy relevant deis is presented. Some of the models use
an optimization approach that ensures the soomgdtymal distribution of either public funds
or the optimal selection of eligible land for conggion programmes (Fox et al. 1995; Yang
et al. 2003; Yang et al. 2005a; Yang and WeersioB42, while other studies analyse the
efficiency of conservation programmes on the baseampirical data.

The model developed by Yang et al. (2003), designeshow cost-efficient ways for land
retirement programmes, assumes a social plannemfienizes conservation policies in a
watershed. However, it does not focus on optimdlesosion rates in the sense of Welfare

Economics but on a static optimal distribution bfible land for conservation programmes.

79



Chapter 6 — A bio-economic model for the analy$igadicy instruments and on-farm measures

It focuses on how existing pollution rates of a evabody can optimally be reduced to a
politically set goal achievement.

The advantage of their model is that it can conside spatial heterogeneity of the land’s
quality in each watershed, as well as flow pathsveen the land parcels, but the land use
options are restricted due to computational limtitewever, from the viewpoint of an SMS-
approach, the pollution rates are seen as a gexal.IThe model is used to find the optimal
spatial allocation of the conservation programme.

In an earlier study, Lintner and Weersink (1999ealeped a model that combined economic,
environmental and spatial analysis to examine ditor reducing nitrogen and phosphorus
runoff. In their model, the agricultural land udeaovhole watershed was optimized in terms
of the flow of sediments into a river. The spededture of the model is that the transport
coefficients from one cell of the system to thddaing are endogenous, i.e. the amount of
sediment caused by the land use of farm A is knamch kept in a cell and the amount that
flows over to the next cell, probably owned by faBns also known. The authors pointed out
that this spatial set up bore a positive extemalibduced by the farms closer to the river, for
their fields collected sediments produced by faupghe slope that had more profitable but
also erosive practices. “Optimizing managementad®iand consequently endogenizing the
transport coefficients, for all firms simultanegusiemove the externality. An empirical
application combines hydrological simulation modeith an economic optimization model
for nutrient pollution of surface and ground watethin an agricultural watershed. Although
firms are homogeneous in abatement costs, diffeseme spatial location leave uniform
instruments unable to achieve the water qualityl gdficiently (Lintner and Weersink
1999)". It is shown, that an ambient tax/subsidyesoe (see Segerson 1988) is more efficient
in achieving better water quality. However, “théommational requirements will be excessive
in most situations, where the transport mechanifmgesiduals are dependent upon the
practices of independent decision making unitsn{her and Weersink 1999), which is
usually the case under real farming conditions. @pproach is capable of simulating the
spatial characteristics of a pollution problem, ethresults in conclusions on a preferable
policy instrument.

Dabbert et al. (1999) developed a model on theskayok level that contained among other
indicators, a soil erosion model as well. The eooicoeffects of different scenarios are
simulated with a Positive Mathematical Programmapgroach.

From an analytical perspective, Hediger (2003) sftbWwow a cost-effective scheme for the

control of Phosphorous (P) runoff caused by sasiemn from agricultural land into a lake can
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be set up within a dynamic optimization problem.us$ed an inter-temporal allocation model
with on-site measures to control soil erosion aral resulting P runoff from heterogeneous
agricultural land, and the lake-internal measurewater quality improvement. The model
was an example for optimal control models, sincasgumed complete information for the
relation between production and pollution, and pbesibility to trace where the phosphorus
in the lake had originated. Given the uncertainfysach processes, the model is not
applicable for soil degradation as a threat to {targn fertility.

An example of an efficiency survey was given bydter (2000), who analysed all soil and
water protection programs for an entire water qattt area in North America based on a
cost-effectiveness ratio (costs per ton of soilesvIn another paper, Forster and Rausch
(2002) described the efficiency of government paogs aimed at encouraging Lake Erie
basin farmers to adopt practices that reduce vatiution. The evaluation was based on the
cost effectiveness of program expenditures (iast per metric ton of soil saved). They found
that the majority of Agricultural Conservation Pragh (ACP) funds appeared to have been
spent on less cost-effective practices.

Nakao and Sohngen (2000) evaluated riparian bufieps by exploring the relationship
between buffer size, drainage area size, and aféadss. Shankar et al. (2000) showed in the
example of preventing nitrate discharges that swnest win-win situations can arise, where
both the water quality and the farmers’ income eased. Krayl (1993) submitted a study
analysing measure-instrument combinations usingxlaeple of nitrogen leaching.

In summarizing the aforementioned approaches,ntbmsaid that they are either based on
optimization models with partially rough assumpsioof the erosive properties of crop
practices or crop rotations, but good possibilifeascreating scenario calculations for policy
design, or the studies use a more empirical apprimaorder to analyse ex post the efficiency
of conservation programmes. The objectives of thdiss are either to find the optimal size
of conservation programmes in terms of area coverdd find the optimal strategy for soil
erosion prevention.

From the viewpoint of this study, an approach tat finds a cost-effective policy that does
not rely on or try to calculate an optimal erosimie should be found. Moreover, the
potentials of programming models should be usedsitoulate the behaviour of profit
maximizing farmers, while being confronted with iopial policies that provide a safe level of

soil use.
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6.2 The chosen modd system MODAM

The modelling system MODAM (Multi-Objective Decisicupport tool for Agro ecosystem
Management) (Zander 2003; Zander and Kachele 1®88)chosen for this study because it
met the needs of this study best. The followingptéadescribes briefly the structure of the
model and shows how the economic analysis is datrear.inear-Programming model that
simulates the reactions of a regional farm towaddferent frame conditions. The data
structure is described later in chapter 6.4. Foth&r details regarding the model approach,
see (Zander 2003; Kachele 1999).
The different parts of the assessment, as welhasattivities and constraints are brought
together in this model (see Figure 15):
» the soil conditions are classed using an adaptesiore of the Universal Soil Loss
Equation (USLE),
« the environmental evaluation for the cropping atiés being based on the fuzzy-logic
tool,
« descriptions of plant and livestock production\atgs,
» the policy framework comprising EU-payments andutatjons,
» the farm assets (e.g. land, labour, machinery),

e and prices.

| Farm assets |

Plant production activities Livestock activities

N —

MODAM
Farm model
Policy framework | | Climatic and soil conditions
| Prices |

Source: own presentation

Figure 15: Data types used in the MODAM farm model

Exogenous variables in this model are the soil ttmms$, the descriptions of plant and

livestock production activities, the policy framewkpthe farm assets and in- and output
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prices. Endogenously calculated variables are nkig@mental and economic assessments of
the cropping practices (soil erosion risk and grossgins).

The on-farm costs of erosion preventing measures ome of the crucial points when
governmental administrations try to develop soihsmrvation policies. On the one hand,
doing field trials is time consuming and expensior,the other hand, individual farm data
from case studies are often biased and not repegsen(Vereijken 2001). The objective of
this model is to generate with acceptable effartfayrm costs using average or prototype data
from farming activities.

The modelling system MODAM is appropriate for megtisuch needs. MODAM (Zander
and Kachele 1999) comprises two parts: a bundlargk databases, describing the regional
agricultural practices in great detail and a linpangramming tool to simulate decision
behaviour when farmers produce economically under donditions of soil conservation
policies. The tool can be used for evaluating agronomic scenarios with respect to their
regional effects. For a list of further applicasoof this approach see (Zander 2003).
Furthermore, the underlying ACCESS-database syatiws one to work with large, highly
detailed datasets and generates much bigger nwttltan in the case of the usual
spreadsheet-tables. The exchange between othewaseftsuch as fuzzy tools for the
evaluation of the environmental impact is facibiht

In order to outline the on-farm costs and the emrmental effects of soil conservation
measures at the field level, the agricultural pcast need to be described in the model in a
very detailed way. The model itself consists ofr&mehically linked modules, which are
grouped into three main steps (Figure 16). Stepedcribes the farm or region with its
production capacities and activities. In step Zpaatial evaluation of the economic and
ecological effects is performed (i.e. the grossgimaand ecological evaluation of agricultural
activities). In step 3, the economic behaviour bé tfarmer is simulated by a linear
programming module, which ensures that productamtofs are allocated according to their
best factor utilisation.

Step 1:

Information on the farming activities is based bothexpert knowledge and interviews. The
production factors (e.g. labour) correspond to @csituations or are adjusted according to
available statistical data. The descriptions ohdéad and adapted cropping practices are
based on expert knowledge resulting from researtcheaCentre for Agricultural Landscape
and Land Use Research (ZALF) (Meyer-Aurich et &98; Zander 2003). Livestock
practices are formulated on the basis of standatal tables (KTBL 2000).
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Three Level Integrated Economic & Ecological Analysis of Sustainable Land Use Systems with MODAM

@ Descriptive data collection

crop production fodder production livestock production
conservation conservation (aggregated to complex
standard oriented standard oriented production units)

@ Partial analysis

economic evaluation ecological evaluation (fuzzy tools) site
- Costs, revenues erosion nitrogen disturbance characterisation
- gross margins leaching of amphibians
@ Integrated analysis by linear programming farm
| production internal relations market policy instruments || goal/restriction
/ ™
) . maximise gross economic
roduction costs costs | revenue | subsidies | taxes : L
P marginal return \goal defInItIOI’IJ
. . farm capacities
technical transfer purchase/ claim : .
. .. - . . internal restrictions|
coefficients coefficients sale coefficients coefficients e ) farm resources
subsidies restrict.
4 N\
goal achievement| environmental environmental
coefficients restrictions goal definition
A )
Results: . o further | gpatial, dynamic and process
scenarios > trade offs/regional LS| visualisation analysis: | oriented ecological
land use patterns by GIS . 9
+ transaction costs

Source: Zander 2001

Figure 16: Three level, integrated economic and eimonmental analysis of agricultural land use system
with MODAM

These sets provide information on the on-farm deh@ard supply of dairy, pork, chicken and
sheep production, which are already assembledvestbck farm types at different levels of
productivity (Kachele 1999). (The used data for tbgional model will be further described
in chapter 6.3.)

In the MODAM database, every measure or work steplant and in livestock production is
described in great detail. This provides informatadbout any specific pesticide application,
fertiliser usage or the time periods when a wodpss done on a field. This information may
be used for further ecological evaluation of enwinental objectives, which is one of the
main differences from other models and databasesl dsr the assessment of agro-
environmental issues (Roedenbeck 2004).

For several production intensity levels, either ¢owp or animal production, a specific set of
input combinations is generated for each produatresponding to different points on a
hypothetical production function. For a list of tbentained crops and cropping practices see
Table 9 and Table 10.

Step 2:
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The economic assessment of the crop, forage antadproduction practices takes place in a
separate database. Costs are calculated with taspe farm machinery, interest costs and
price levels, as defined for the specific scenaficonomic yields from all sold outputs are
based on the scenario-specific prices. Energy copsan and required labour per
management operation are derived from standardtdbtas (KTBL 2000). The results are
summarised in detailed tables characterizing eaoldugtion technique with different cost
categories, its yields and its gross margin. Theirenmental assessment of agricultural
practices can be based on either relatively singbéistical tools (see Meyer-Aurich 2001) or
on more detailed fuzzy tools, but both are basedxpert knowledge. For this study the fuzzy
logic approach was chosen (see Sattler 2007 amerta 2), so that it was possible to assign
values of environmental performance (i.e. soil mospotential) directly to cropping
practices.

The value of each practice for a specific environtakegood is expressed by continuous
assessment values. Here, it is expressed as a ohjumential soil erosion risk in tons per
hectare, describing the potential erosion effeca &fpecific cropping activity on a specific
type of soil (see chapter 5.2), see also (Zandet R0

Step 3:

The behaviour of farmers must be described sottieimodel can incorporate the effect of
regulatory conditions like subsidies or regulatioriBhis is done through a Linear
Programming tool with the assumption that farmgysdfit maximizations are subject to
certain restrictions. Although farmers obviously véa objectives other than profit
maximization, these are neglected for reason oplstity. It is assumed that most of farmers’
decisions are based on economic rationality (K&chiél9, p. 4). The optimization process
simulates the farmer’s decision in the productiba set of possible crops and livestock with
given prices, labour force and field sizes. Croation effects are described by the share of
each crop grown on one field type (more detailshapter 6.3). Although most applications
of the model use a static version, the model caa bé run as a dynamic recursive version
(Zander 2003).

In a general way, the model can be described &miol(ParisL991):

Max TGM = Zijj
j=1

subjectto > ax; <h, i=1,..m
j=1
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with:
TGM = total gross margin
¢, = unit gross margin of commodity
aj = amount of input necessary for the production of one unit of comitygd
b, = total available quantity of input
X
The soil conservation effect is introduced to #gsiation as the “production of environmental

guantity of commodity produced using the technological progess

goods or bads”, in the case of soil erosion thedpction of soil erosion”. The production of
each commodity is linked to the production of the environmentalmenodity k. This
production ofk is inserted into a restriction, which can be ipteted as a minimum
environmental threshold or standard. This standaudd, for instance be defined by reference
to a “good technical practice” or a safe minimuamsiard. This value can be parameterized to
build scenarios of increasing demand for envirortadegoods like soil conservation. The
activity's value per field type can also be used aas indicator of the environmental
performance in this specific area.

This additional environmental constraint can betemi as follows:
n

subjectto > dyx =g, k=1,.,0
j=1

di; = amount of outpuit associated to the production of one unit of comitygd

& = minimum amount of environmental qualky
This soil erosion restriction in the model can eithe set for the whole region or specifically
for each soil and erosion category. This allows tmanalyse the region as one regulation
area or to focus on targeted areas with a highoesiar risk**
If the model is run in a parameterized version, rigults can be visualised in the form of
trade-off functions between different environmerdald economic goals. Also, abatement

cost functions can be derived.

1 with MODAM, it is generally possible to calculaseenarios both for different goal achievement keygbal
driven scenarios, GDS) and for different policytinments (policy driven scenarios, PDS) (Zander1200
GDS would consist of a stepwise variation of thevabmentioned environmental restrictions. A PDS ban
attained by change of prices and subsidies, thedattion of quotas (change of input or output gaptand
legal interventions changing the possible productactices. In this study, one goal driven scenasi
calculated in order to serve as a reference saefaripolicy options (assuming optimal control).réfiermore,
several policy driven scenarios are analysed,abasist of different procedures of area selectiah ariation

of policy instruments.
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In order to outline the model briefly, the main deristics are again summarized as

follows:

1. The MODAM approach is based on a linear programrsilger that optimizes
the total gross margin of a farm or a region

2. The calculated scenarios in this study are comparatatic, dynamic effects are
neglected.

3. The agricultural activities need to be describetligh detail (i.e. each work step
is described and includes time span, machinery,usbdur time) in order to
allow for an ecological evaluation (i.e. soil esrisk).

4. The model system consists of hierarchically linkiadlabases that facilitates the

generation of huge LP-matrices.

6.3 A choice between programming models

The following paragraphs will discuss other mathigcah programming approaches and
compare them to the chosen approach.

When focussing on different mathematical prograngmmodels, the question of what
specific type of this model family should be usedes. The scope goes from the basic linear
programming approach (Dantzig 1963) to the recassitipe mathematical programming
(PMP) models (Howitt 1995; R6hm 2001). Furthermdhes used functions that define the
economic activities can be linear or quadratic. datkc functions limit the model’s tendency
to overspecialize. Some authors also used Cobb{Bs@ignctions or CES function (Constant
elasticity of substitution), but the use of thesactions is still limited (R6hm 2001) and
therefore will not be discussed further here.

In the search for an appropriate model approach,RMP model type was considered a
possible option for this study instead of the staddinear solving algorithm that is used in
the described MODAM model system.

Ro6hm (2001) and Umstéatter (1999) discussed the radges of positive mathematical
programming in comparison to the Linear Programmapgroach. By using the calibrating
procedure with additional marginal cost functions the PMP approach, the typical
disadvantage of the standard LP model is eliminagtdndard LP-models tend to skip
between extreme solutions after little changes. (eng or output prices) in the model
parameters are made, which finally leads to ovecigiized model results. In some cases, the
standard LP-model is only limited by a few extreynddinding restrictions. Usually,

calibration restrictions are introduced to fit theodel to a base period. By using these
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restrictions extensively, the model is finally ftken the base period solution. Even though it
is not obvious, a PMP model is also fixed on adasriod, although the approach allows
some flexibility towards other solutions.

In the MODAM approach, over-specialization is awmdthrough the high number of
activities competing for the production factors afetailed breakdown of restrictions, e.g.
time spans, fodder restrictions. Therefore, thaitgsm space of the analytical problem is
much wider than that for a model with only few wsittes and restrictions.

Models of the PMP type are more or less inflexisleen new activities, which have not been
used in the basic calibration period need to beodhiced in the model (R6hm 2001,
Umstatter 1999). The estimated (invisible) hightsdlat had impeded farmers in the basic
solution from using these activities, finally makerery unlikely for the model to use these
new activities. As a result, the over-flexibility the standard LP-model with its unstable
solutions is converted into an overly-binding PMPdal that only changes among the
activities that where used in its basic solution.

This disadvantage is crucial for the choice of middée constructed in this study: Many of
the soil conserving cropping activities had harbdBen used so far and, more importantly,
relevant data on reduced tillage is not availaBlASSA 2006). Usually, only data on the
crops grown in a region are available, but it wouddjuire too much effort to find in
percentage the crop cultivation activity for evergriant (e.g. conservation tillage vs.
conventional tillage). The result of the model wbiihally be biased by whether a cropping
activity had been used or not, because the additioosts in PMP modelling of a cropping
variant depend only upon whether a cropping agtwias used or not. Furthermore, finding
consistent empirical costs for these practices lvélleven more difficult. The workarounds to
counter these effects usually bring about otheadliantages, which will not be discussed
here (further reading: (R6hm 2001; R6hm and Dali@08).

Another disadvantage of the PMP models is the dstadow prices for calculating the cost
coefficients for the calibration functions, whichbased on the assumption that shadow prices
reflect the actual opportunity costs of each agtifUmstatter 1999). In a low regulated
agricultural environment this assumption might bget but in the case of EU regulated
markets with subsidies and production quotas, shgoiaces hardly reflect the true price or
cost of a certain good or activity.

Considering the above arguments, the advantages fie detailed resolution of the
modelling system MODAM simply outweigh the concethat come with the use of the

solver type (PMP). Therefore, the use of MODAM fbrs study is seen as appropriate. In
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comparison to other models that evaluate economit exological effects, the number of
possible cropping activities in MODAM is higher. i$hallows the model to find solutions
among manifold possibilities. The huge number ofimmmental and farming restrictions
contained in the MODAM model creates results thmatreot as specialized as those produced

when a standard LP-model with a low number of @ty and restrictions is used.

6.4 Modelling the agricultural sector of the study region

The farms in this region were aggregated into cegional farm, using both the above
mentioned empirical data for describing the aseétthe region and calibrating the model,
and statistical data from representative cropping &vestock activities. The following
chapters give an overview of the type of data (negjuused to describe the region and how
the data were transferred into LP-structure.

MODAM consists of data bases that generate adsyitrestrictions, cost variables and
transfer variables of the LP-table. If a specifioup of variables is not needed (e.g. if a farm
does not have livestock), the module can be omfttad a query list or if further restrictions
or other parts of the model have to be changedy parts of the whole LP-table is
recalculated, which helps reduce time used (efforthe model building phase.

The modules used in this model version and som&aeapons for each group are shown in
Table 15.

6.4.1 Costs

The cost module generates the objective functiothefLP module. It provides all costs for
the farm’s activities (be it the costs of plantisestock production, labour or land costs) and
the possible positive yields generated by sellictyvaies. MODAM follows a disaggregated
approach, i.e. the optimum solution is not baseedctly on the activities’ gross margins but
on the optimization of the variable costs and tbssjble yields of certain cropping activities.
This allows for example, for cereals to be soltiodbe used on the farm as fodder.

The entire model searches for the optimal solubgrmaximizing the total gross margin of
the region. Prices are based on 2002 data anddarsted where appropriate (see following

chapters).
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Table 15: LP modules used in the model

Module Description
Objective function
Costs The model is optimized by minimizing the total sste.

maximizing the total gross margin of the region
Land data(Surface of field types) Provides areafopping activities and pasture

Provides labour input for both cropping and livegto
activities. For the cropping sector, the labour oleds dividec

Labour supply into time steps, in order to describe time requéaets during
peak seasons.

Policy conditions for crops EU payments for crops

Policy conditions for livestock EU payments for livestock sector, changed accorttirthe
EU-Reform

Crop production Yields, work steps, inputs of criogpand pasture activities

Soil erosion module describing the effects of cingp
activities on specific soil categories

Crop rotations Crop rotation limitations based oondymanagement practice

Manually set restrictions. In the case of the mpgetatoes
and sugar beets are restricted to the empiricalipd value,
since both crops are only grown when delivery sgitists

Livestock system with all categories described &bov
(reproduction, labour needs, buildings etc.)

Feeding demands from livestock systems and provisio
nutrients by cropping and pasture activities

Manure management Module for the management oflgamd uptake of manure
Source: own presentation

Soil erosion

Cropping restrictions due to
quotas and delivery rights

Livestock systems incl. feeding

6.4.2 Land data

As described before, the agricultural land of tredet region was selected from GIS land use
data (see Chapter 5.1). The arable land was grompedhree soil quality categories that are
based on the German fertility index (Btkerzahl. Each 100 x100 meter grid cell of the soil
data base was assigned with the aforementioneession risk value. Finally, all grid cells
were subdivided into erosion classes from Tablé&fasslands were not included in the
erosion assessment since only limited erosionpeebed on pasture land. As a result, 18 soil
types were grouped and 2 grassland types are blaitathe model.

Table 16 shows the distribution of land within thdferent categories. Each subgroup
describes a separate land supply in the regiondeimeo that the land use on each soil type

can be analysed separately.
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Table 16: Surface distribution of different site qualities and erosion classes in the model region; a&xple
for a 100 meter grid model (for erosion classes: s& able 6)

Soil quality category Erosion class  Surface ha Y ha
25 1 10
87
444
714
112
20

o Ok WN

1387

38 39

163
1379
4168
1438

808

O URWN R

7995

50 35
106
724

2673
871

329

O URWN R

4738

Grasslands Low quality - 500
Grasslands High quality - 1850

> 2350
Total 16470

Source: Sattler 2007

6.4.3 Labour supply

Labour supply is introduced in the model as an siniged resource, which can be hired on
an hourly basis. Given the high unemployment ratéhe region especially among former
farm workers, it can be assumed that skilled faamndhlabour force is easily available. Some
farms in the region hire part of their employeel/auring the work intensive periods of the
year and release them during winter months. Laloogts are based on the average hourly
wage for skilled workers in 2002 (€7.41/h) (Stagishes Bundesamt Deutschland 2006).

6.4.4 Policy conditions

The model was developed based on the Agenda 200@y poonditions (European
Commission 2006; Uthes 2005) (see Table 17), with @ayments for specific crops, animal
specific subsidies, milk quota, set aside obligatietc. Since the policy change that finally
took place in the beginning of 2005, the old polimework is no longer valid. However,
the calibration of the model could only be donengsiata from before the policy change. The
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recent reform of the Common Agricultural policy (EA(BMVEL - Bundesministerium fir
Verbraucherschutz 2005; European Council 2006c) adapted by using the Agenda 2000
region model data with a different policy framewoiihe policy framework describes the
2003-CAP reform, which contains decoupled standaeh payments. This model uses a
regional average payment per hectare, which isngldro be realised in 2013. Since the new
CAP-reform payments are handed out on a regional lend are no longer coupled to a
specific crop production, all former production édagpayments were deleted from the model
(Agenda 2000). Except for a slightly higher premifonprotein crops, farmers have no more
incentives to orientate their production on theeddnt levels of subsidies. Furthermore, the
individually calculated payments based on formeedtock production cannot be simulated
on a regional level. However, this is not necesssince the payments too are not related to
production.

The level of the subsidy used in the model corredpoto the envisaged standard area
payment in Brandenburg for arable and pasture land.

The only condition for receiving one payment uhitough the CAP reform is to work on one
hectare of agricultural land that had been enrolledan EU-database. Therefore, these
payments can be seen as money transfers to lansl arsa the long term, transfers to land
owners, since most land owners will try to gainkamst of the rent that can be generated by
their land. Given the decreasing supply of agrigaltland due to other land uses, the position
of land owners is likely to put them into a pogitito gain an increasing share of this rent.
However, given the static approach of this moded, payments are still included separately.
The model cannot reflect this process of rent teaadetween land users and land owners. In
the long run this could lead to a decrease in {wddir land users but it is assumed to have no
distorting effect on this study, since the relatweferability is constant for the different

production practices.
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Table 17: Subsidy levels in Agenda 2000 and the CAeform of July 2003

Agenda 2000

Subsidies and Regulations

for Brandenburg

CAP 2013

decoupled payments and estimates
for the amount of individual
payment per ha in region

Area payments

290 €/ha

290 €/ha + 55,57 €/ha (coupled
share of payment)

290 €/ha
29@E/

290 €/ha (with a slightly higher
payment for additional set aside)

Grandes cultures (cereals) 285 €/ha
Protein crops 328 €/ha
Oil seeds 343 €/ha
Pasture (starting with 98 €/ha in 2005) -

Set aside 285 €/ha
Set aside regulations

Minimum size per application/farm 0,3 ha
Minimum size per plot to be set aside 0,3 ha
Obligatory set aside per farm

minimum 10 %
maximum 33 %

Livestock payments and regulations

0,3 ha
@,Afd >10m wide

8,73 %
not limited

210 €/head (bulls)/
150 €/head (ox)

200 €/head

Special male premium (cattle)

Suckler cows incl. Heifers premium
Extensive livestock husbandry 100 €/head

Slaughter premium for adult bovine anima80 €/head

Calf slaughter premium 50 €/head
Addit_ional payments cattle slaughter 23 €/head
premium

Milk premium 8,15 €/t
Additional milk premium 3,66 €/t

Source: own presentation; adapted from Uthes 2005

All livestock related payments
including milk premiums are no
longer paid based on production
levels. Instead, payments from a
reference period (2001-2003) are
used to calculate individual
payment titles on a per hectare
basis that can only be activated
when one hectare of agricultural
land is used.

These payments will decrease by
2013, when the pasture land
payment is fully implemented. For
this model, a complete decoupled,
equal payment is assumed.

6.4.5 Crop production

The database in MODAM contains cropping activities all crops grown in the region.
IACS' data for the years 2000 and 2001 were availabléhtofederal state of Brandenburg

(Matzdorf et al. 2003), aggregated project datd)ictv show the crop shares grown in the

region on precise field levels. For this study @ultl be referred to data that had been

aggregated on the municipality level. The crop ebavere similar for both years. The table

below shows the numbers for the study region inlA@@e Table 18). In order to validate and

12 |ntegrated Administration and Control System. IABSused as EU-wide for the administration of Eldaar

based payments.
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calibrate the regional model, the study region csb@ares were compared to the crops

produced in the status quo model result (see ch@pte

Table 18: Crop shares on arable land of study regiin 2001 based on aggregated project data

Crop Share in percent
Winter wheat 32.59
Winter rye 6.08
Winter barley 10.61
Oats 1.06
Corn silage 6.58
Rape seed 15.69
Potatoes 0.01
Triticale 11.02
Peas 0.45
Lupines 0.04
Set aside without non-food crops 4.45
Set aside with non-food crops 4.37
Sugar beets 3.97
Other crops 3.08
Total: 100

Source: Matzdorf et al. 2003

A multitude of cropping practices (see Table 9 @ablle 10 p.70) is described for all crops in
the database containing the information on workss@nd the machinery needed (see Figure

17). This allows for both a detailed economic asiglyand a well founded soil erosion risk

assessment.

Machinery Timing

» Technical equipment *Year when the work
and used machinery step is down

* based on KTBL data *Year of harvest/cash
(normative data on return
agricultural technology) *Time span: When is a

Detailed workstep done during a
description of year?
cropping practices
/ \
Worksteps What are the inputs and outputs?

¢ Number of input or output of

production

Application of active agent (e.g. kg

N, ml of pesticide)

* Real amount of input being
transported to the field(e.g. metric
tons of fertilizer)

e Labour

* Number of work step practice

* Work steps including assigned
machinery

» Frequency of a work step during a
year (e.qg. fertilizing)

Source: own presentation

Figure 17: Description of cropping practices in theMODAM database
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The standard practice is based on tillage with gihouno intercrops or under-sown crops, no
organic fertilizer application (manure) and notJeasting by-products such as straw. Yields
are based on soil quality and precipitation witaggpitation being equal for the whole region

(see the following equation).

Crop yield = f (crop, soil quality, cropping prasi preceding crop, precipitation)

Each cropping activity is defined for the thred goiality groups in the study region to reflect
the increasing yields that depend on the soil gualiable 19 gives an example for winter
wheat with three assigned yield classes. For nmdogmation see Zander (2003).

Table 19: Crop yields for winter wheat depending orsoil productivity class

Crop Soil productivity (AZ) dt’/ha
Winter wheat, standard practice, plous 25 32.3
38 57.0
50 71.9

Source: Zander 2003

For the grassland activities, both an intensive exténsive variation are implemented. The
model describes activities for hay, silage, grazand forage based on two site-specific yield
expectations (Kéachele 1999).

For the Linear Programming matrix, a cropping astivs described with its costs, vyield,
labour and area requirements, EU area paymentjamtrestrictions, manure uptakes and
soil erosion properties. Table 20 gives an exarnplihe transfer variables for one cropping

activity (winter barley, plough, soil fertility c&& 38, organic fertiliser used).
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Table 20: Example: Variables for the activity “winter barley” in the LP-matrix

Category Unit Value
Labour needs (March-May) Hours per hectare and year 0.12
Labour needs (May-July) Hours per hectare and year 0.12
Labour needs (July-August) Hours per hectare awad y 1.19
Labour needs (August-September) Hours per heatadg/ear 2.63
Labour needs (September-October) Hours per heatatgear 0.95
Labour needs (October-November) Hours per hectadeyear 0.53
Phyto-sanitary restrictions Membership term indi@athat crop 1
belongs to a specific rotation group
Uptake organic manure: Nitrogen kg 100
Uptake organic manure: Phosphate kg 50
Uptake organic manure: Potassium kg 137.5
Yield grains dt/ha 40.57
Yield straw dt/ha 10.69
Area demand for one unit of activity ha -1
Area payment demand factor -1
Area payment restriction (oil seeds) Percentadaraf with crops eligible for -0.08
payments
Set aside maximum Percentage of land with crogbéi for 0.33
payments
Set aside minimum Percentage of land with cropgted for 0.10
payments
Potential soil erosion Tons/halyear 0.22

Activity key: CFWGE1102aCF38_5 Source: own prestta

6.4.6 Soil erosion

The site specific soil erosion parameters from tdrap.2 were introduced into the LP model

in an activity for soil erosion, which allows one itead the total amount of erosion in the
region from the calculated value of this varialdeg Figure 18). Each cropping activity in a
specific soil category delivers its soil erosionueinto the erosion restriction row which is

fixed to zero. A transfer variable of the value tites the sum of erosion created by the
cropping practices into the erosion activity colunds a result, each cropping practice that
contributes to the total gross margin of the mddetive in the LP-model), is counted with its

erosion value in the erosion activity column. Timedule was also extended to a site specific
level: since the erosion coefficients were avadalolr each soil category, it was possible to
split the erosion activity into soil categories.rfgach soil category a specific soil erosion
amount is generated. A maximum limit on the erosamtivity variable allows for the

calculation of scenarios with exogenously reduesels of soil erosion.
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Erosion activity Cropping activities
wheat rye sugar beets
Unit tons ha ha ha
Activity 13 5 3 2
Erosion restriction| (= 1 -0.9 -0.3 -3.8
Transfer variable Erosion coefficients

Source: own presentation

Figure 18: Example layout of the LP-erosion module

6.4.7 Crop rotations

MODAM contains phyto-sanitary crop rotation reginos for all crops that are based on
Good Technical Practice and expert knowledge (ZaB@@3). For each main group of crops
(e.g. cereals, oilseeds) a maximum share is ghéthin the main groups, single crops have
more specified values. Table 21 shows the valuegh® main groups and crops used in the

study region.

Table 21: Crop rotation restrictions based on Good echnical Practice

Max. share in rotation in %

Crop Main group Crop value
value

Cereals, general 0.75

Wheat 0.25

Rye 1.00

Barley 0.50

Oats 0.25

Triticale 0.33

Oilseeds 0.50

Rapeseed, mustard 0.25

Sunflowers 0.20

Linseed, flax 0.20

Root crops 0.50

Potatoes 0.25

Beets 0.20

Corn 0.50

Legumes (large grain) 0.25

Peas 0.20

Beans, lupines 0.25

Soy beans 0.25

Fodder legumes (general) 0.50

Alfalfa 0.33

Source: Zander 2003
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6.4.8 Quotas

Since quotas for sugar beets are not known, aratbby@oduction quota is assumed for the
region based on the average yield on soil groupn&Qiplied by the area used in 2002 for
growing sugar beets, resulting in a quota of 23@2® for the study region. This procedure
ensures that not more sugar beets are grown th&008. For the scenarios under CAP
conditions, quotas are no longer distinguished betwA- and price reduced B-quotas,
therefore prices for sugar beets are at the IevBtquota.

A further restriction was introduced for potatoesiehh are usually not grown without

contracts with processing companies. Thereforeshzge for potatoes is also limited to the
area found in 2002 (16.47 ha).

In the milk sector a quota was introduced that cotiee current yearly milk production of the

milking cow numbers.

6.4.9 Livestock systems

The livestock sector in MODAM is described by coatplhusbandry systems that comprise a
detailed description of stable type, milking systenfieeding needs, yields and labour
requirements (for a detailed description, see Kl&ch899). Figure 19 gives an overview of
the different data types that describe a livesteydtem. The costs in the different livestock
systems that are used in the LP module are defigadthis data. Furthermore, a cost optimal
feeding plan is calculated in the LP based on tteétion needs of each animal group in a
livestock system and the available feeding crops.

Fodder is supplied through the different pastui@ @opping practices. The relevant nutrients
that are used for the ration calculation are pmtenergy and a minimum share of fibre. A
further restriction limits the total amount of faafdhat can be consumed per day (dry matter).
Nutrient demands per animal are taken from standeeding tables (DLG 1997, KTBL
1998). A feeding ration is optimized in the LP ldhsa the yields of crops and pasture grown

in the region.
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Herd size:
Yield class: Actual number of animals Animal housing system
breed Technical size of stables Feeding system

yield \ i / Manure system

Milking system

Feeding needs: \

Energy I Grazing periods
Protein \

Roughage Replacement system:

Max. uptake Number of calves Labour

heiffers
bulls

Source: own presentation

Figure 19: Data describing a livestock system in MOAM

Table 22 shows an example for the transfer coefiisi of one milking cow in the LP-table

(e.g. nutrition demand of a dairy cow, labour, prcid).

Table 22: LP-coefficients for a dairy cow in the LPmodel

Description unit value per per day
year

labour time needed hours per year / min per day 33.95 5.58

protein needed g 747999.95 2049.31

crude fibre kg 1144.00 3.13

dry matter kg 5720.00 15.67

energy (specific for lactating cows) MJ NEL 34339 94.07

manure kg 6883.74 18.86

stock replacement (0,25 per year) kg 130.00

milk production kg 7000.00

milk quota needed kg 7000.00

offspring male (0,5 calf/year) kg 21.83

offspring female (0,5 calf/year) kg 21.83

carcass kg 137.50

stable need # 1.00

Source: KTBL 1998

The livestock number is assumed to have an uppet iin terms of total animals kept but

there is no minimum level of livestock productiofhis is done to simulate the short or

medium term reactions of farms that might prodwess lat lower prices but are not able to
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produce more at higher prices because of restgittable capacities (investment activities
are not taken into account). The numbers are sHoweach livestock type in the following
tables.

For the description of the region’s livestock capes, statistical data describing the livestock
numbers in the Uckermark administrative districkwaed (Landesamt flr Verbraucherschutz
und Landwirtschaft Brandenburg 2003a), see Table 23

Table 23: Livestock numbers for the district of themodel region

Livestock per 100 ha agricultural area as of May 199

Administrative Horses Cattle Pigs Sheep Fowl Geese Ducks
district
total thereof total |thereof total | thereof
milking SOWS laying hens
COWwSs 1/2 year
and older
Uckermark 0.6 36.1 11.8 42.( 5.4 95 42 4.0 0.1 5.12

Source: Landesamt fur Verbraucherschutz und Lansetiaft Brandenburg 2003a

The animal counts per 100 ha of this survey weesl s describe the livestock sector of the
model by multiplying these stocking rates with thedel region’s agricultural area (16470 ha
agricultural land). This procedure was chosen sitlee share of agricultural land for the
district is similar to the study region’s shareg(Seable 1) with the assumption that stocking
rate is evenly distributed over the district.

In order to simplify the model, horses, sheep amdltpy were not included in the model. A
feeding pig system was used to simulate total swmeuction and manure quantities. Cattle
production was divided into a milking cow and allfattening part. The livestock systems
used for the model are shown in the tables below.

The dairy sector of the regional model was sepdrei® different age steps (see Table 24).
Male calves were assumed to be sold after 4 moR#rs$.of the female calves are used for the
replacement of older cows, the other part may et @®well. The number of animals for the
region was adjusted to the empirical value of mikicows (Table 23) using an integer
number of model stables (see below) that was attdét model.

The average amount of milk produced per cow wasistelfl to 7000 litres/cow/year to
correspond to the average of the administrativeidigLandesamt fir Verbraucherschutz und
Landwirtschaft Brandenburg 2003b).

Each model dairy farm consisted of 200 cows inelgdhe reproduction needed. In order to
reach the region’s livestock number ten dairy fawese assumed.
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Table 24: Animal groups in a dairy cow system of t model region

Animal Number of Resulting Total number Total number
animals per animals per  of stables of animals
stable 100ha
Calf female < 4 months 32 1.0 10 320
Calf male < 4 months 32 1.9 10 320
Calf female < 0.5 years 16 1.9 10 160
Heifer; 0.5 to 1 year 48 2.9 10 480
Heifer; 1 year to 18 months 48 2.9 10 480
Heifer; 19 to 27 months. 73 4.4 10 730
Dairy cow 200 12.1 10 2000

Source: own calculations

The bull fattening system (see Table 25) was reprtesl by units of stables that produce 50
bulls per year. The system was also separatedontodifferent age steps. 15 stables of this

type were needed to meet the region’s livestockberrfor cattle other than dairy cows.

Table 25: Animal groups in the bull fattening systen of the model region; own calculations

Animal Number of  Animals per Total number Total number
animals per 100 ha of stables of animals
stable
Calf male < 0.5 year 11 1,0 15 165
Bull 0.5 to 1 year 32 2,9 15 480
Bull 1 to 1.5 years 32 29 15 480
Bull 1.5 to 2 years 26 2,4 15 390

Source: own calculations

Pork production in the model region was represehtednits of 500 pigs per farm (see Table
26), with piglets bought outside of the region. fitidn demands were based on energy,
digestible protein and lysine. These data were t@ken from standard nutrition tables (DLG

1991; DLG 1993). An upper limit for total uptaker @amimal was introduced as a restriction.

Table 26: Hog production system in the model regigrown calculations

Animal Number of Animals Total Total number
animals/stable number/100 ha number of of animals
stables
Hogs (Feeding pigs) 500 42.5 14 7000

Source: own calculations

6.4.9.1 Costs for stables and labour input
The costs of investments in buildings for livestaegre taken from the KTBL data (KTBL
2000). These costs were then divided by the nurobanimals kept per building. In the LP-
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matrix it is possible to exchange places for ansndlthe same livestock system (i.e. within
cattle or pigs). This allows for changes in the bemof animals if it is economically more
preferable to increase numbers in one age claseeande in another.

The labour needs of the livestock system for fegdmanure management and milking were
also taken from the KTBL data (KTBL 2000). All dateere adjusted to the livestock system

size.

6.4.9.2 Manure management

All livestock in the model are mainly based both louid manure and dung systems.
Livestock systems deliver nutrients into a manugjaation, while manure based cropping
activities take nutrients from it. The main planttntion elements nitrogen, phosphorus and
potassium were introduced in a manure restrictiodute, with nitrogen as a fixed restriction

that balances the production of nitrogen by aniraalthe possible uptake by crops.
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7 Results of the economic and ecological evaluatiof soil

conservation policies

7.1 Finding relevant optionsfor policy analysis

A clear framework is important for the selection afpropriate policy options, for the
possibilities of combinations are too complex fthroptions to be calculated. Following such
a framework for scenario design reduces the nurmbeptions to be calculated and makes it
possible to focus on options that follow more @sleommon sense considerations.
It is important at this point to think again of theain goal of this study. It is not the aim of
this study to find the optimal level of pollutioartount of soil eroded) i.e. an optimal solution
for a social decision problem is not what is seadcfor here. However, the model can be
used as a guideline on how the optimal managenfesdiloconservation should be, when soill
conservation is an exogenous restriction in thealirprogramming model. Therefore, in order
to provide theoptimal low-cost solutionfor a comparison, a stepwiegptimization scenario
(“social planner”-scenario) that generates resuftder optimal control conditions is added
l.e. it is assumed that the maximum amount of e@bkion could be limited to a certain safe
minimum standard directly through the decisionthefland users for the whole region.
As a main result, estimations for the costs ofedéht soil conservation scenarios and the
effectiveness of certain options should be avaldt decision makers. The aim is to find the
total farm and budget costs of different approache®il conservation, mainly on the basis of
the level of incentives that should be given (ot In@ given at all) and the measures that are
supported. The efficiency criterion for the anadysf policy options is, as derived in chapter
4.5.2, a cost-effectiveness ratio, i.e. the costmaption as a loss or gain in the gross-margin
of the regional farm in the sample area. Withirs tapproach, both budgetary and on-farm
effects were analysed.
In the following, the specific options are outlindthe main variables that influence the set of
options are:

» on-farm measures,

* policy instruments,

» targeting policies on the eligible area and

e transaction costs.
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The main question is how soil erosion can be awbmlereduced in an economically efficient
way with the help ofon-farm measures such as reduced tillage systems or other soil
conservation measures (see Chapter 4.7.3).
Policy instruments to enforce these measures are e.g. incentivesgat fegulations. The
reasons for focussing on these two options aranedtlin Chapter 4.7.2. One of the most
relevant variables on the instrument level, givieeirtimportance in the EU legislation are
either incentives or legal restrictions for specéctivities (Huylenbroeck and Whitby 1999).
Subsidies for reduced tillage practices are offenetie model for all crops on all soil types.
This option is often applied in the European Unamri-environmental programmes, so it
reflects a common strategy for limiting soil erosjmrocesses (Hartmann et al. 2006).
Furthermore, the variable share of the eligibladlarea for certain specific programmes (see
Figure 14), is an issue that allows for more tadetoil conservation programmes compared
to non-targeted conservation programmes, whichwadely used in Germany today. The
scenarios should comprise a comparison of a ngeted scheme and a targeted scheme with
focus on highly erosive field types, so that bo#timods may be analysed.
Therefore, on the policy level the analysed optiares

1. anincentive option,

2. aregulation option,

3. atargeted option.
For a comparison of different policy options, a itamlevel of erosion risk reduction is
needed. In order to attain an obvious reactiorhefrhodel, different levels of reduction were
tested under different policy conditions (see dl$mpter 7.2). As a result of this process, a
range of reduction of between 30 to 40 percenhefdctual situation should be achieved for
all policy options. This is assuméal be thesafe minimum standardthat society has agreed
on and serves as a goal for policy comparison. duicton range was chosen because the
outcome of policies cannot be targeted to one 8peoumber without changing the
behaviour of the model. In the second stepthiheshold suggestions from chapter 5.4.1 were
used to benchmark the specific soil erosion riskeazh crop that was found in each model
solution. Thresholds (in terms of tons per hectéwe)specific practices were applied in the
regulation option that would ban high erosive crisps highly erodible field types.
The following definitions should clarify this:

Safe minimum standard = general goal to be achigwedigh different policy options

Threshold = benchmark for the result of a gegolicy option
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For the incentive options, an appropriate amounttie subsidy has to be calculated, while
for the regulation options the choice of crops afidible areas is the most important. The
approach will be further described in the relevarapters.

The degree to whictargeting policies for the eligible areanfluences the efficiency of such
a policy is the third issue. Chapter 5.4 descritygtsons of how to define eligible areas and
discusses the affect of different threshold on s¢fme of an area that is eligible for soil
conservation programmes.

From the soil category options, one approach wéctsel as the underlying soil database
(Chapter 5.1.3.3, p.67). The soil data used waedas a 100 meter grid using the average
for labelling and calculating the aggregated gaetl (L0O0_meme).

Finally, on a separate levitle influence of transaction costss discussed (see Chapter 8).
Most of the analysis is based on a with-without parnson, where a status quo scenario
without specific soil conservation measures is careg@ to scenarios containing a variation of

some variables.

7.2 Brief description of the analysed policy options

First, a status quo solution (AG2000) based onpiblecy conditions of Agenda 2000 was
calculated to generate a starting point solutiothef model, as a way to check the model's
plausibility against the original data. Based oesthresults a new scenario (CAP2013) was
designed that contained the main policy changes wiesie introduced in the 2003 CAP-
Reform (see p. 93). For this scenario, the conustiof the year 2013 were applied in order to
avoid the implementation of the transitionally ptadm specific payments. A short outline of
all scenarios is given in Table 27.

Then, a scenario that approaches the issue frootial planner viewpoint with complete
information on soil erosion rates for all croppioigctices was analysed. This “social planner
scenario” allows one to limit the maximum amountofl erosion in a stepwise manner to a
certain threshold for the whole region (“socialrplaer’-scenario). This procedure provides
information about the least cost solution for al smnservation policy, including the
generation of shadow prices of certain levels af soosion abatement. This “external
knowledge” approach provides the “optimal” abatetranice of each erosion level, which
can serve as a benchmark for second best policies.

The other three policy options are based on thenagton of differing property rights with

regards to the right to cause soil degradationuincsoil erosion.
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Table 27: Description and abbreviations used for th analysed scenarios

Key Scenario type Remarks

AG2000 Status quo Basic scenario for validatiomotlel against empirical
data; Policy framework based on Agenda 2000 setting

CAP2013 Basic scenario Basic scenario without $igesnil conservation policies
based on terms for the year 2013

Social planner  Optimization Erosion level is loweestepwise - knowledge of total

information on erosion rates of cropping practices
assumed (social planner view)

Inc Incentives Incentives are given out to farmers for soil conser
untargeted practices

Inctar Incentives Incentives are given out only on highly erodibkdi
targeted types (category 4, 5, 6)

Crop restrict Crop restrictions Crops with a high erosion rate are restricted gilki
targeted erodible field types (category 5, 6)

Assuming that the right to degrade soil to a cartaitent belongs to the land user, then an
incentive option (“inc’-scenario) would be the mamalistic option. In this scenario, an
incentive is given for specific soil conserving gping activities (i.e. reduced tillage); an
instrument that is already being used in some &daates in Germany (Hartmann et al.
2006). In the terms of a Pigouvian approach, thesentives support practices with fewer
externalities. The level of the incentive is alsoportant for the adoption of a voluntary
measure. It has to be high enough for a sufficegets to be enrolled in such an incentive
scheme. In terms of efficiency (budget) it shoudlbw enough to not result in too many
windfall gains among the participants.

Then, the effects of a targeted incentive scheme \aaalysed (“inctar’-scenario) with the
assumption that discrimination among land users aeepted. For this policy option, the
incentives described above were targeted only tsvéield types with a high erosion risk
instead of all field types. This option is consektrmore efficient since it concentrates
incentives on erosive sites and reduces the riskmadfall gains on less erodible field types.
The level of both incentive options is calculatedtioe basis of a sensitivity analysis.

The last option is based on a similar set of prypeghts, but with the limitation that
damages on soils through soil degradation can dllpted by society, i.e. society claims the
rights on the long-term fertility of soils and ctrerefore assign a specific use of the resource.
This option is described by a restriction on crffpsop restrict’-scenario) with a high erosion
rate (higher than 2.5 t/hal/year, see Figure 12)pwRich are banned from highly erodible
field types. Row crops such as sunflowers, cortatpes and sugar beets are not allowed to
be grown on these field types, regardless of fkegé technique used. This is based on the
observation that such crops still have high erosialues even when a soil conservation

practice is used (see Figure 13, p.73). This optimuld be combined with a compensation
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payment, but in this example only the command-anidrol aspect of the policy was

analysed.

7.3 Indicators

Table 28 gives an overview of the indicators thatevanalysed in the scenario calculations.
The standard indicators for each analysed scemaeidhe total gross margin of the model
region, the crop shares, changes in cropping pestspatial changes where crops are grown,
total erosion within the region, the ratio of chasgn gross margin (i.e. costs of erosion
control) and total erosion of the region as a effgetiveness indicator.

The average site specific erosion values and tHwidual crop erosion risk values show
through the thresholds from chapter 5.4.1 whethercropping practices used on such field
types are still maintaining the long-term sustailiigbof soil use. By using the erosion risk
values, one can check whether the crops do or texteed the weakest suggested threshold
of 8 tons/hal/year of soil erosion risk. Each poliption is evaluated for whether it achieves

this criteria.

Table 28: Analysed indicators in each scenario

Indicator Remarks

. Total amount of erosion within the region (sum stiraated erosion
Erosion level

rates of all grown crops)

Erosion reduction Reduction as compared to the CAP-scenario
Site specific erosion rates Erosion rates per arapsite
Gross margin incl. Subsidies  Total gross margin of the model region as the agagesl result of all
(GM) activities (max of objective function)
Area under conservation schem@rea receiving payments or under regulation
Budget costs (BC) Payments to farmers for soil conservation prograsime

Net Gross Margin (GM-BC) Total gross margin of the model region minus budgsts
On-farm costs (Net GM changeNet changes in gross margin after policy changbaowit payments

Total costs (BC+GM Change) The social costs of a policy as the sum of budgstscand on-farm

costs
Total cost-effectiveness (reducelatio of changes in gross margin (i.e. costs asierocontrol) and
erosion) total erosion of the region

Cost effectiveness based on  Effectiveness related only to the budget costs

budget costs

Cost effectiveness based on-  Effectiveness related only to the farm costs

farm costs

Crop shares Total crop shares for the whole region

Even if crop shares do not change, changes arpasiible in the
way crops are cultivated (plough, no tillage, restlitllage)
Spatial changes where crops ark order to meet soil erosion reduction goals,rtoglel can place
grown activities on less erodible areas

Changes in cropping practices
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Furthermore, the shadow price of the erosion i&gin, generated in a parameterized erosion
level scenario, can be used to calculate the ragi@nm’s marginal abatement costs at each
specific level of erosion.

Budgetary and on-farm costs are differentiatedrotento show the costs that arise from a
policy option. Therefore, in scenarios that implemiacentive payments for soil conserving
practices, these payments are subtracted frometien’s total results for the calculation of
the net gross margin. The difference between theistquo gross margin and the net gross
margin after policy adoption describes the on-faosts of a policy.

The sum of the budget costs and the on-farm cdsaspolicy makes up the total costs of a
conservation policy. The budget costs are bornesdwety, while the on-farm costs are
opportunity costs borne by the farmers that areet@ompensated by the subsidy payments.
Without the subsidy payments farmers would prodarce higher level of productivity.

For each scenario, the results concerning thisdveonk will be given.

7.4 Status quo scenario: Agenda 2000

In the following, the modelling results based om tAgenda 2000 policy conditions are
described und discussed. The crop shares of thelmesllts of the region should match the
data available for the region. However, differencas partly arise from the fact that the
model does not take into account factors suchsageduction through the planting of a wider
variety of crops. Other deviations of the modehiroeal data can be explained by unknown
costs asserted to production (Howitt 1995) or déifees in on-farm transaction costs that
make farmers choose other options.

The comparison of the actual and modelled crop eshaf the region shows certain
differences (see Table 29). The shares of ceraffdsadi both when compared as individual
crops and as a group. More rapeseed was growreiadtual situation while set aside was
used to a much higher extent in the model thaneadity. The first explanation for the
difference is the divergence of the model regiamfrthe source region, for the real data is
based on a much bigger administrative district. /BEfv®ugh the model region was selected as
a smaller sample of the total area of the distsotne deviation can occur in terms of soil
quality and other natural site conditions. This b#ects on the preferability of some crops

for certain parts of the region.
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Table 29: Modelled and actual (2001) crop shares jpercent on arable land

Actual values of the Modelled values in
district (Uckermark) test region
Share b Grouped Share b Grouped
Crop group Crops crops (%); (%5) crops (%); (%?
Winter wheat 32.59 22.55
Winter rye 6.08 19.44
Winter barley 10.61 3.09
Triticale 11.02 6.32
Oats 1.06
Total cereals 61.36 51.41
Corn Corn silage 6.58 6.58 3.67 3.67
Rape seed incl. non food crops Rape seed 15.69 97 7.
;%tdas:ggswnh non 437
20.06 7.97
Peas, lupines Peas 0.45
Lupines 0.04
Legumes 0.49
Sugar beets Sugar beets 3.97 3.97 3.98 3.98
Potatoes/others Potatoes 0.01 0.12 0.11
Others 3.08 3.09
Set aside 4.45 4.45 32.86 32.86
Total 100.00 100.00 100.00

Source: Matzdorf et al. 2003, based on aggregatgdqt data and own calculations

Another reason for the difference is the econorharacteristic of LP-models that has led to
the extended use of the set aside option; mosteopoorer soils in the modelled result are not
used as cropland. In reality, other non-economasaas are preventing farmers from using
this option at the optimal level even though it Wbaconomically be the better alternative.
Since the LP model chooses generally for the sde ativity, the estimated overall erosion
will be rather low. When less erosive crops suchca®als, rape seed and set aside are
grouped together, both sides of the table show mptess the same share (> 80 % of arable
crops). For potatoes and sugar beets, restrictiogr® introduced in the model with the
assumption that restrictions are in the actuahtitn determined by quotas and contracts with
processing factories.

Given these results, the starting point in termexgfected erosion amounts had to be analysed
to ensure that the initial erosion rates in the etled scenario are plausible. Therefore, the
erosion rates of real and modelled crop shares e@rpared.

Table 30 shows the comparison of the expected geesail erosion risk per hectare of the
highest soil erosion category (6) based on aveceme shares found in the real and modelled
data sets. This is a very rough approximation stheespatial location of the real crops is not

known. However, for illustration needs this caldida is sufficient. The shares of the crop
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types were assigned with the solil erosion rateafetandard cropping practice. The resulting
values for the average soil erosion risk show tresien reducing effect of the set-aside
option in the modelled result (1.23 t/ha/a as caeghato 1.68 t/ha/a in the real crop
distribution). The lower share of cereals, corn eaquk seed in the modelled scenario caused
less overall erosion in this soil category compdeethe actual data. Note that this calculation
is only a rough approximation of the underlyingeett.

Both average soil erosion rates were above thetesitithreshold of 1 t/ha/a. The soil erosion
rates for corn exceeded a 4 t/ha/a threshold pgyti@hich would be too high on a “25” soil
guality type if the flexible threshold, which deplsnon soil quality is used.

Table 30: Average erosion risk based on actual andodelled data on highly erodible field type “6”

Actual Modelled . .
Soil erosion Rate*actual Rate*modelled

Crop types share share rate t/ha/a share share
% %
Total cereals* 61.36 51.41 1.58 95.11 79.69
Corn 6.58 3.67 4.25 27.97 15.60
Rape seed 20.06 7.97 1.35 27.08 10.76
Legumes 0.49 0.00 0.69 0.34 0.00
Sugar beets 3.97 3.98 3.60 14.29 14.33
Potatoes 0.01 0.11 2.60 0.03 0.29
Others 3.08 1.007 3.08 0.00
set aside 4.45 32.86 0.07 0.31 2.30
Average soil erosion t/ha/a 1.68 1.23
Ywinter wheat

2 assumed average

Source: own calculations

Overall, the results of the model are satisfactowg sufficient as a starting point for further
scenarios despite some disparity between modelesiidly.

The basic economic and soil erosion results ofApenda 2000 scenario including the yields
from livestock activities is €386 per hectare (t@tigea of region) with a total erosion amount
of 2680 tons and an average soil erosion rate ©8 Qons/ha/a (see also Table 31).

Conventional and reduced tillage were equally ithisted in this scenario.
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Table 31: Indicator values for the Agenda 2000 scamio

Average gross margin (Euro/ha) 386
Total erosion in region (t) 2,680
Average amount of soil erosion within the regiohd} 0.18
Conventional tillage (ha) 7,008
Reduced tillage (ha) 7,112
No undersown crops (ha) 9,423
Undersown crops (ha) 4,640
Intercrops (ha) 56

Source: own calculations

Note that these numbers are based on the ovegatinrghat includes pasture with very low
soil erosion and therefore do only reflect the saf@rly for highly erodible field types.
However, the comparison of this value to other ages serves as a benchmark for other soil
conservation options.

Furthermore, the region has generally low averagsi@n levels but shows high values in
some spots. This characteristic is illustrated abl& 32: When areas with the highest erosion
risk and the highest quality (50_6) were analysmudl,average soil erosion risk of 1.18
tons/ha/a would be found if all crops had the sah@e on this field type (1.23 t/ha/a for the
modelled crop shares). Nevertheless, sugar beetgesha maximum value of 15.08 tons/ha/a
in some spots of the erosion risk assessment, whiabove any of the suggested thresholds
in Chapter 5.4.1. The maximum values were takem ftioe original database where values
were calculated for each single aggregated gritl(sek chapter 5.2). Less erodible areas
level out hot spots even in the highest erosioascldherefore, the maximum values found in
this class should be given some considerations.

Table 32: Average and maximum soil erosion risks focrops on soil category 50_6 in the Agenda 2000
scenario (highest erosion risk, best soil quality)

Maximum soil

Average soll . ;
. erosion found in .

Crop erosion rate of L Tillage type

original database
crop (t/ha/a) (tha/a)

Rapeseed 0.72 3.47 Reduced
Winter rye 0.68 3.29 Conventional
Winter wheat 0.89 4.25 Reduced
Sugar beets 3.61 15.08 Conventional

Average 1.18

Source: own calculations
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7.5 Basic scenario CAP2013 (CAP reform with decoupled payments)

The basis scenario serves as a reference scenatioef soil conservation policy options. In
terms of property rights for soils, soil degradatis only restricted to good technical practice.
Therefore, all common agricultural practices canubed by farmers. The scenario can also
show, what influence a policy change from the AgerD00 conditions to decoupled
payments under the CAP reform can have. Table 8&slkhe total gross margin of the basic
CAP2013 scenario is 445 €/ha, the total erosionuantis (4107 t) and the average amount of

soil erosion within the region is 0.29 t/ha/a.

Table 33: Indicator values for CAP2013 scenario

Average gross margin (Euro/ha) 445
Total erosion in region (t) 4,107
Average amount of soil erosion within the regiohd} 0.29
Conventional tillage (ha) 10,757
Reduced tillage (ha) 3,362
Undersown crops (ha) 5,384
Intercrops (ha) 0

Source: own calculations

On high erodible soils (50_6) an average of 1.&/dlwas estimated by the model (see Table
34), with sugar beets at 3.61 t/ha/a and sunflowefs75 t/ha/a for average soil erosion risk
rates. Both sugar beets (15.08 t/ha/a) and sunf®lel.67 t/ha/a) showed high maximum

erosion risk rates on specific grid cells in thgioa.

Table 34: Average and maximum soil erosion risks focrops on soil category with highest erosion risk
and best soil quality in the CAP2013 scenario

Average soil erosion rate  Maximum soil erosion

Crop of crop (thala) found (t/ha/a) Tillage type
Winter barley 0.57 2.81 Conventional
Rapeseed 0.72 3.47 Reduced
Winter wheat 1.48 7.73 Conventional
Sunflowers 2.75 11.67 Conventional
Sugar beets 3.61 15.08 Conventional
Weighted average 1.60

Source: own calculations

The comparison of the Agenda 2000 scenario andeéheupled CAP2013 scenario showed a
higher average gross margin for the CAP2013 soerfaee also Figure 20). The reason for
the greater gross margin lies in the higher dirpayments for pasture land, which
overcompensate the loss of the direct livestockmmays. Furthermore, even the formerly
unused pasture land can now be used under the alimare option (mulching). In the
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Agenda 2000 scenario some pasture land was notdugetb the low profitability of this land
type within the modelled region.
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Figure 20: Gross margin (€/ha) and total erosion (ins) in model region - comparison of the Agenda 200
and the CAP2013 scenario with decoupled payments

The increase in total erosion in the region of atib percent can be explained by the higher
share of row crops in the CAP2013 scenario (sedeTah). Note that this table includes the

share of pasture land, which was not included ibld&9; the crop shares are therefore
slightly different. The share of set-aside was euwmreased under the conditions of the

CAP2013 scenario. Oilseeds such as rapeseed aftovgens also had increased shares.
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Table 35: Comparison of crop shares between Agen@900 and CAP2013 in percent of total area

Scenario

AG 2000 CAP2013
Crop % %
Corn silage 3.1 1.9
Hay 2 cuts 0.3 0.3
Non used pasture 4.7 -
Potatoes 0.1 0.1
Set aside 28.2 32.7
Set aside pasture - 4.0
Silage 2 cuts 9.2 9.9
Sugar beets 3.4 3.1
Sunflowers - 20.1
Triticale 5.4 -
Winter barley 2.7 1.6
Rapeseed 6.8 18.6
Winter rye 16.7 0.6
Winter wheat 19.3 7.2
sum 100 100

Source: own calculations

Figure 21 demonstrates that sunflowers, potataes, gilage and sugar beets sum up to more
than 25 percent of the total crops of the regioith wunflowers contributing the most to this

change.
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Figure 21: Share of high erosion crops (sunflowerqotatoes, corn silage and sugar beets) in the Agém
2000 and the CAP2013 reform scenario

Furthermore, the share of reduced tillage practicas decreased in the CAP2013 scenario
compared to Agenda 2000 from 10754 to 3362 hectagesuse the higher profit crops were

less suited for reduced tillage (e.g. sunflowers).
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Livestock production was also affected by the polahange (see Table 36). While the

number of milking cows was reduced, more heifersewgoduced in the CAP2013 scenatrio.
Bull fattening was no longer profitable without ther head subsidies of the Agenda 2000
support scheme. Pork production was reduced to6I5,nhits in comparison to more than

20,000 (Agenda 2000).

Table 36: Livestock production in Agenda 2000 and 8P2013 scenario

Animal type Agenda 2000 CAP2013
Milking cows 1,995 1,974
Heifers 1,537 2,190
Bulls, 1 to 1.5 years 914

Fattening bulls, 1.5 to 2 years 914

Hogs 20,223 15,946

Source: own calculations

As a result, the comparison of the Agenda 2000thedlecoupled CAP2013 reform scenario
in the model region showed that an increase in ewmkion is possible. Given the risk
assessment results for the other crops, even rédiliege options for sunflowers would be
unlikely to reduce the erosion risk to the levedarfd for rapeseed or cereals(see Figure 13,
p.73).

The erosion rates for high erodible soil typesggly over a 1 ton/ha/a threshold but higher

rates can be expected for specific spots (see Bdhlp.112).

7.6 Social planner scenario

7.6.1 Scenario description and trade-off curve

For this scenario, it is assumed that a socialr@aequipped with full information (and with
no transaction costs involved) could change thell®f erosion through optimal control
technigues. The erosion rate is then a variableinvihe model that is directly influenced by
the choice of crops and cropping practices assuthiagcomplete information regarding the
relations between cropping practices and the emosidgput is known. Therefore, the model
will most likely find the most cost-efficient solah for reducing the soil erosion risk.

This scenario is achieved through a stepwise ltoitaof the model’s erosion restriction in
parameterized runs. The total amount of erosiahénregion was reduced within 20 steps to
a level where the sum of estimated erosion caugeleocropping practices in the region was
zero. The LP-model is programmed to find econorhyjcaptimal solutions that meet the
targeted lower erosion level for the region. A®sult of this, a trade-off curve can be drawn

showing the relationship between the economic pedoce of the region and the related soil
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erosion rates. Figure 22 shows that for a wideienognge the reduction of the gross margin
is very limited and only decreases at drasticaliwdred erosion levels. The underlying

adjustments within the model that caused the sbafas trade-off curve will be analysed in

the following.
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Figure 22: Trade-off curve between total erosion kels and total gross margin in region based on a
parameterized model run with increasing limitationon the erosion level

The corresponding share of reduced tillage decdepaeadoxically with increasing erosion
reduction levels (Figure 23); one of the reasongHe huge decrease of reduced tillage is that
set-aside in this model was established using plotitage for phyto-sanitary reasons.
However, set-aside has one of the lowest erosisk pbtentials and was therefore used

mainly to achieve the lower erosion values.

116



Chapter 7 — Results of the economic and ecologiealuation of soil conservation policies

4000

3500 o S N o e e o o

3000

2500 ~

2000

1500

1000

area under reduced tillage (ha)

500

0 T T T T
0 1000 2000 3000 4000

total amount of erosion (t)

Source: own calculations

Figure 23: Share of reduced tillage with increasindevels of soil conservation in the model regiondsial
planner scenario)

Set aside increased continuously throughout theasmeruns from 30 to almost 70 percent at
the lowest erosion level (Figure 24).
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Figure 24: Share of set aside with increasing le&bf soil conservation in the model region (sociglanner
scenario)

In the basic scenario, only the soils with the Isivertility were used for set-aside, as it
would be the most profitable land use for this sgpe. However, with higher levels of

erosion control, set-aside became a measure faingdhis goal (even on better soils).
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Table 37 gives a complete overview of the cropseshgrown in the selected scenarios of
erosion prevention. Rapeseed, sugar beets ancdowenl shares decrease, while winter rye
share increases when the erosion risk is to becegtliHowever, set aside is the only way for
the model to achieve the highest levels of soilseovation. Generally, the erosion reduction
effect of a crop with a naturally lower erosioner&é usually stronger than the effect of a high
erosive crop cultivated with a soil conservationaswe (see also Figure 13, p. 73).
Therefore, the erosion reduction effect of cropesbn overweighs the effects of most

conservation practices.

Table 37: Crop shares within the study region for slected levels of erosion in the social planner se&io

Total amount of erosion (tons)

Crop 200 1000 2000 2600 3000 4000
Set aside % 69 52 44 39 36 33
Grassland silage % 14 11 10 10 10 10
Winter rye % 7 6 5 2 1 1
Rapeseed % 1 18 19 19 19 19
Corn silage % 1 2 2 2 2 2
Mulching Grassland % 0 3 4 4 4 4
Potatoes % 0 0 0 0 0 0
Winter wheat % 0 4 4 7 7 7
Hay 2 cuts % 0 0 0 0 0 0
Sunflowers % 0 1 7 12 17 20
Winter barley % 0 1 2 2 2 2
Sugar beets % 0 2 3 3 3 3
Not used % 7 0 0 0 0 0
Total % 100 100 100 100 100 100

Source: own calculations

Figure 25 shows the shift of erosive crops fromrtieest to the least erodible soil types when
a higher soil conservation level is set through ¢hesion restriction. In the basic solution
(4000 tons, on the left side of the x-axis) both gpes carry the same share of high erosive
crops, such as sunflowers, potatoes, corn silagesagar beets. When the restriction on soil
erosion forces the model to adopt a slightly highat conservation level, high erosive crops
from other soil categories shifted to the less #ledsoil type, while the most erodible soil
type kept its share of high erosive crops (260&)XoAt 2400 tons, the share of high erosive
crops on the most erodible soil type had to be gedun order to meet the even higher
conservation level. Starting at 2000 tons, highse® crops were not grown anymore on
highly erodible soil types, while the less erodilsiel type still kept a high share of 87
percent, a limit which was set by phyto-sanitargtnietions. At 600 tons, this share was
reduced down to 62 percent, while at an erosioelle¥ 200 tons only 50 percent of high
erosive crops comprised mostly of corn silage wgn@avn on the low erosive field type
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within the region. This example describes the ganshift of high erosive crops to less
erodible soil types during the parameterizatiorsrun
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Figure 25: Share of high erosive crops on high anldw erosion risk field types on selected levels efosion
in the social planner scenario

In general, the behaviour of the model when facétl an exogenous reduction of erosion
levels can be summarized as followed:

1. places high erosive crops in less erodible sodgaties

2. replaces high erosive crops with less erosive ones

3. sets aside highly erosive field types
Reduced tillage plays only a minor role, when emogsias to be limited for the model region
(see Figure 23, p.117). A certain share is geneaalbpted because of economic advantages
(less labour needed).
The low impact on the economic situation of the gladgion towards even higher limitation
of the overall erosion is mainly related to thexiftelity of the model to shift crops between
field types within the region. The re-organisatmncrops at zero costs is only possible in a
model. In reality this would cause coordinationlgeons among different farms. Furthermore,
given the general low soil qualities of this regidine gross margin for set aside is actually
close to crops like winter wheat, so the excharfggraps on medium quality soil types does

not cause drastic changes in the total gross margin
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7.6.2 Calculation of a shadow price for soil erosion
In LP-models, the calculated shadow price per oind scarce resource is the price a producer
would pay for this resource if he had the optiorbtty more of this input. Figure 26 shows
how the shadow price rises with higher levels ok&mn reduction, which corresponds to the

trade-off curve in the chapter before.
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Figure 26: Marginal costs per ton of reduced erosimin the region; based on the shadow price per toof
reduced total erosion at each step of total erosiarstriction

The reason for the non-linear increase of the shagkice is that highly erosive crops are
only placed on less erodible field types, since thption is available at almost zero costs,
abstracting from the fact that coordination effdis the shifting of crops would occur in

reality. If the region has to meet higher levelseobsion reduction, more expensive soil
conservation measures would have to be appliede idmfitable crops would only be banned
from the region if erosion has to be absolutelyi@®d. Deriving an abatement cost function
of soil erosion would be the basis for an econoltyiadriven choice of the optimal erosion

level based on the theory of environmental econsniitowever, the direct adjustment of
erosion rates is just not possible in real lifeefdfore, in this example the shadow price

serves only as a benchmark for other policy optiarere the more efficient solution lays.
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7.6.3 Results of the benchmark scenario

The results of the scenario run with an erosiorll@f 2600 tons in the region will be used
for comparison with the policy scenarios. This lenapresents the range of 30 to 40 percent
of the actual situation, which is stated as thd gbarosion reduction.

Table 38 shows the indicators of this scenario omgarison to the results of the basic
scenario. The comparison of gross margins showsahly a small change in the gross
margin is needed to reach a much lower level of smsion risk. Reduced tillage and
undersown crops increase slightly but the shifohgrosive crops to less erodible soils has a
considerable effect (see Figure 25 p.119). Tabl€o3718) illustrates the crop shares for the
2600t level in comparison to the 4000t scenarioinMhanges are in the increase of set aside
and winter rye, and the reduction of sunfloweradhieve a lower erosion level.

Table 38: Indicator values of the social planner smario (2600 tons erosion level) compared to the bia
scenario (CAP2013)

Indicator Social CAP2013
planner
Average gross margin (Euro/ha) 444 445
Total erosion in region (t) 2,600 4,107
Average amount of soil erosion within the regiohd} 0.18 0.29
Conventional tillage (ha) 10,655 10,757
Reduced tillage (ha) 3,465 3,362
Undersown crops (ha) 6,450 5,384
Intercrops (ha) 0 0

Source: own calculations

7.7 Policy scenario results

In the following chapters, the basic results of tbelicy scenarios described before

(comprised of an untargeted incentive scheme,ggetadl scheme on more erodible soil types
and a targeted scheme on the restriction of higisies crop types) are described. After a
brief description of each scenario result, a coimsparof the scenarios is done, since most
information is gained through the analysis of thanges that come with them. As mentioned
before, all policy options were designed to imprake soil erosion situation found in the

basic CAP2013-Reform scenario by at least 30 p&rednich represents the assumed safe

minimum standard.
7.7.1 Untargeted Incentive Scheme

7.7.1.1 Scenario description
In this scenario, a subsidy for the reduced tillpgeectice is offered in the model for all crops

on all soil types. This option is often applied tire European Union agri-environmental
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programmes, so it reflects a common strategy foitilhg soil erosion processes (Hartmann et
al. 2006). The level of the payment is derived tigho a sensitivity analysis of the level of the
incentive payment, so that the amount of paymenthwineduces erosion to the targeted
amount of at least 30 percent may be found (seept€h&.l and Chapter 7.7.1.1). The
resulting effects of this payment level are therscdbed based on the aforementioned
scenario indicators.

For each new step in the sensitivity analysis,laevalightly higher than the upper limit of the

reduced tillage incentive payment is used as theveaue for the next run. This procedure is

repeated until at least a 30 percent reductiohetdtal soil erosion in the region is achieved.
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Figure 27: Effect of the payment level for reducedillage on the area under the conservation schemand
the total erosion in the region; each payment levalorresponds to the upper limit of the
sensitivity analysis of the preceding calculationtep

Figure 27 shows that the reduced tillage paymeatsiat influence the amount of erosion

until the payment reaches a level over 60 €/has Emount more than doubles the area
covered by the scheme from 3570 to 9224 ha. Howdvercorresponding amount of erosion
only drops to the targeted amount when a paymeast td 68 €/ha is chosen.

The result shows that a certain share of redudlegéipractices is already being used in the
basic CAP2013-solution. Payments for the furthgragsion of this practice only force the

model to adopt the reduced tillage practice fopsrthat do not improve the overall situation

of soil conservation. Only payments over 68 €/haseahe switch of another share of crops to
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reduced tillage. Therefore, this scenario descritme® reduced tillage payments would affect

a region, where reduced tillage is already a padiypted cropping technique.

7.7.1.2 Basic results

As a result of the incentive option with the paymeh68 €/ha for reduced tillage practices,
almost 12000 ha of the region got included under réduced tillage practice and would
therefore be enrolled in this conservation progranihe area covers 85 percent of the arable
land in the region. In the basic result (CAP), oBB62 ha were cultivated with reduced tillage
practices.

Table 39: Share of reduced tillage in the untargetkincentive scenario (68 €/ha for reduced tillage)
compared to the CAP2013-scenario

. Incentive
Tillage type CAP2013 untargeted
Reduced tillage (ha) 3,362 11,597

Source: own calculations

The total erosion in the region was reduced by atmi®00 tons. The gross margin rose to
€7.6 M because of the high amount of subsidiesvedg€788,574). When the budget costs
(payments received in the region) were subtraatech fthe total gross margin, a net gross
margin of €6.8 M remained. This is about €0.5 Msl#san in the basic solution with standard
CAP conditions (CAP2013). This difference is defires the on-farm costs, since these costs
describe the opportunity costs of the agricultef@nges in the region due to the adoption of
the policy.

The sum of on-farm costs and budget costs desctiitgetotal costs of a policy from society’s
viewpoint. These total costs are used with theienoseduction in the region in the cost
effectiveness ratio. As a result, €805 per onedabavoided soil erosion were spent in this

scenario.
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Table 40: Indicator values of the untargeted incerite scenario (68 €/ha for reduced tillage) comparetd
the CAP2013-scenario

Scenario CAP2013 Untarg_eted
Incentives
Erosion level t 4,107 2,510
Erosion reduction t 0 1,597
Gross margin (incl. Subsidies) (GM) € 7,330,440 21,831
Area under conservation scheme ha 0 11,597
Budget costs (BC) € 0 7,88,574
Net Gross margin (GM-BC) € 7,330,440 6,833,157
On-farm costs (Net GM change) € 0 497,283
Total costs (BC+GM Change) € 0 1,285,857
Total cost-effectiveness (€/t reduced erosioéijt 0 805

Source: own calculations

Table 41 gives an overview of the changes in crommsvn in the model region. Major
changes were seen in the reduction of sunflow@nse she reduced tillage option for this
crop is not possible both in reality and in theathaise. This crop was therefore replaced by
other reduced tillage crops. Set aside had ever morease to the level of almost 44 percent.
Small changes also occurred in the production oéals, where winter barley increased
slightly, while winter rye and winter wheat held racr less the same share. Rapeseed and
sugar beet shares also increased slightly in tieme

Table 41: Changes of crop shares in the untargetadcentive scenario (68 €/ha for reduced tillage)
compared to the CAP2013 scenario

Crop cApo13 ~ Untargeted
Incentives
Set aside grassland % 4.01 4.72
Hay, 2 cuts % 0.34 0.34
Sunflowers % 20.09 7.19
Potatoes % 0.10 0.10
Corn, silage % 1.85 2.35
Silage, 2 cuts % 9.92 9.21
Rotational set-aside % 32.69 43.89
Winter barley % 1.63 2.08
Rapeseed % 18.56 19.33
Winter rye % 0.55 0.36
Winter wheat % 7.19 7.19
Sugar beets % 3.06 3.24

Source: own calculations

The comparison of crop share changes on highlywerdigld types induced by policy options

will be shown in an overall discussion along witle bther policy options (see Chapter 7.8).
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7.7.2 Targeted Incentive Scheme

7.7.2.1 Scenario description

This scenario shows the effect of a soil consepmaprogramme that uses targeted incentives
for the adoption of soil conservation measuresr@as with an elevated erosion risk. In this

scenario, the same subsidy (68 €/ha) as in thegeta scheme was only available on field
types of the groups 4, 5 and 6 (higher erosionsels)s making more than 11,000 ha of the
region eligible for the subsidy payment. A test mith only soil groups 5 and 6 was also

done, but the eligible area combined with the pidéonf the conservation measure was not
large enough to reach a comparable erosion reducfiB0 percent. Like before, the measure
to be performed for this scheme comprises all cgrps/n with a reduced tillage system.

7.7.2.2 Basic results

The total erosion potential in the region was reduisy more than 38 percent compared to the
CAP2013 scenario, while the total gross margindased up to €7.57 M. In this scenario
9421 ha of the possible 11,000 ha were under theerwation scheme. The budget costs
added up to €640,639. The net gross margin (Toteisgnargin minus budget costs) was also
lower than in the CAP2013 scenario. This led tofamm costs of €401,409. Due to the on-
farm costs, the total costs of the targeted schesmie €1.04 M, which led to the cost-
effectiveness of €557 per ton of reduced erosion.

Table 42: Indicator values for the targeted incentre scenario (68 €/ha for reduced tillage) compared
the CAP2013-scenario

Scenario cAP2013  largeted
Incentives
Erosion level t 4,107 2,531
Erosion reduction t 0 1,576
Gross margin (incl. Subsidies) (GM) € 7,330,440 7,569,671
Area under conservation scheme ha 0 9,421
Budget costs (BC) € 0 640,639
Net Gross margin (GM-BC) € 7,330,440 6,929,032
On-farm costs (Net GM change) € 0 401,409
Total costs (BC+GM Change) € 0 1,042,048
Total cost-effectiveness (€/t reduced erosion) €/t - 661

Source: own calculations

The crop shares in the targeted incentive scendeweloped as follows (Table 43).
Sunflowers were reduced by more than 50 percenilgwihe share of set aside increased.

Other crops showed only little changes towardsphigy option.
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Table 43: Crop shares in the targeted incentive snario (68 €/ha for reduced tillage) compared to the
CAP2013-scenario

Crop CAP2013 largeted
Incentives
Set aside grassland % 4.01 4.72
Hay, 2 cuts % 0.34 0.34
Sunflowers % 20.09 9.73
Potatoes % 0.10 0.10
Corn, silage % 1.85 2.35
Silage, 2 cuts % 9.92 9.21
Rotational set-aside % 32.69 41.66
Winter barley % 1.63 1.92
Rapeseed % 18.56 19.19
Winter rye % 0.55 0.39
Winter wheat % 7.19 7.19
Sugar beets % 3.06 3.21

Source: own calculations

The underlying shifts of the cropping practicesl wé discussed in the overall comparison of

the policy options.
7.7.3 Targeted crop restrictions

7.7.3.1 Scenario description

This scenario analyses the effects of restrictionhaghly erosive crops on targeted high

erodible sites. It follows the assumption that mesluced tillage practices do not reduce the
risk of erosion as well as change in crop selectsa® Figure 13). Therefore, this scenario
should prove whether it is more preferable to resthe choice of certain crops by law as

opposed to voluntary approaches such as subsidiesdaced tillage.

In the scenario, row crops such as corn, sunfloweosatoes and sugar beets were not
allowed on the field types 5 and 6, which covef78,5a of the region. The limitation on these

field types was proven to be sufficient in meeting goal of a minimum 30 percent reduction

in soil erosion risk. No other policy restrictiowsre implemented.

7.7.3.2 Basic results

Table 44 shows the results of the row crop resricscenario. With the application of this
policy option the reduction of 1,505 tons was aebieas compared to 4,107 tons in the
CAP2013-scenario within the region. The total grosargin of the region was reduced by
€14,340. Budget costs in terms of payments to fesnd@l not occur in this scenario and
administration costs were not accounted for in thrsalysis. However, assuming the
compensation for the on-farm costs had to be dddide political process, the amount of

compensation does not affect the resulting land gsee the restriction of crops is a
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mandatory regulation. Therefore, the amount of cemsption would be part of a negotiation
process during the implementation process.

The on-farm costs are therefore equal to the temtuof total gross margin (€14,340). The
cost-effectiveness in terms of reduced soil erosdhen 10 €/ton.

Table 44: Indicator values for the row crop restridion scenario with restricted cultivation of row crops
on highly erodible field types compared to the CAPQ13-scenario

Scenario CAP2013 ROV\.’ crop
restrictions
Erosion level t 4,107 2,602
Erosion reduction t 0 1,505
Gross margin (incl. Subsidies) (GM) € 7,330,440 18,200
Area under conservation scheme ha 0 -
Budget costs (BC) € 0 -
Net Gross margin (GM-BC) € 7,330,440 7,316,100
On-farm costs (Net GM change) € 0 14,340
Total costs (BC+GM Change) € 0 14,340
Total cost-effectiveness (€/t reduced erosiong/t - 10

Source: own calculations

Compared to the CAP2013-scenario, only sunfloweseweduced in a noticeable way (from

20 % to 15 %) (see Table 45).

Table 45: Crop shares for the row crop restrictionscenario (restricted cultivation of row crops on hijhly
erodible field types) compared to the CAP2013-sceria

Crop CAP2013  Rowcrop
restriction
Set aside grassland 391 % 391 %
Hay 0.34 % 0.34 %
Silage 10.02 % 10.02 %
Sugar beets 3.06 % 3.06 %
Sunflowers 20.09 % 15.44 %
Potatoes 0.10 % 0.10 %
Corn silage 1.87% 1.87%
Winter barley 1.58 % 1.96 %
Winter rye 0.58 % 2.02%
Winter wheat 7.19 % 7.19%
Rapeseed 18.56 % 17.98 %
Set aside 32.69 % 36.10 %

Source: own calculations

Other crops such as winter barley, winter rye atdaside took over the share of the reduced
sunflower area. For all other crops, almost simidaults were achieved in this scenario, since
only a smaller share of the agricultural area wigected by the crop restriction. This allows

for the spatial compensation of the restrictioreet$ through the switching of crops between

field types.
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The share of reduced tillage decreased slightlis scenario to 3,281 ha compared to the
CAP2013-scenario.

7.8 Discussion of the modelling results

7.8.1 Overall comparison of scenarios

This chapter compares the results of the analyséidypscenarios using the indicators that
were derived in the chapters before. This comparsaves as the basis for the discussion of
the results and as a starting point for the apiptinaof a new institutional economics analysis
in the following chapters.

Table 46: Overview of indicator values of the diffeent policy scenarios (CAP2013, Untargeted
Incentives, Targeted Incentives, Row crop restrictins, Social planner)

CAP2013 Untargeted Targeted Rowcrop  Social
Incentives Incentives restrictions planner

Erosion level t 4,107 2,510 2,531 2,602 2,600
Erosion reduction t 0 1,597 1,576 1,505 1,507
Gross margin (incl. Subsidies) (GM) € 7,330,440 7,621,731 7,569,671 7,316,100 7,319,301
Average GM/ha total area € 445 415 421 444 444
Area under conservation scheme ha 0 11,597 9,421 0 0
Budget costs (BC) € 0 788,574 640,639 0 0
Net Gross margin(GM-BC) € 7,330,440 6,833,157 6,929,032 7,316,100 7,319,301
On-farm costs (Net GM change) € 0 497,283 401,409 14,340 11,139
Total costs (BC+GM Change) € 0 1,285,857 1,042,048 1,4340 11,139
Total cost-effectiveness (reduced erosidH} 0 805 661 10 7
Cost effectiveness based on budget costd 0 494 407 0 0
Cost effectiveness based on-farm costs€/t 0 311 255 10 7

Source: own calculations

The results for the selected policy scenarios stiaw all three options achieved a similar
reduction in soil erosion compared to the CAP20déhario, which was the target range for
soil erosion reduction. Both incentive options logge the erosion level of the region with

only little advantages for the targeted versionilevthe targeted row crop restriction showed
slightly higher but comparable results (see Figeieand Table 46). Note that the erosion
level was not fixed in the model but was aimed i weveral tests through the adjustment of
the incentive level or the size of the area thatfifected by the row crop restriction.

Therefore, the levels varied slightly between 1,886 1,600 t in the region.
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Figure 28: Total soil erosion in the model region nder different policy options

Due to the incentives for reduced tillage practicéhe “Incentive” scenarios, both scenarios
of this kind showed unsurprisingly high increaseshie share of reduced tillage for the region
(see Table 47). The row crop restriction scenarlieved the erosion reduction only through
the shift of erosive crops to less erodible fieyghes, while the share of reduced tillage
practices was even lower than in the CAP2013-seendihe social planner scenario

increased the reduced tillage slightly compareGA® .

Table 47: Share of reduced tillage in the differenscenarios

CAP2013 pntarg_eted .Targe_ted Rovy crop Social planner
incentives incentives restrictions
Reduced Tillage (ha) 3,362 11,597 9,421 3,281 3,465

Source: own calculations

Table 48 gives a summary of the crop shares growhe different policy options. While the

share of grassland was constant with only sliglainges in its usage, the share of row crops,
sun flowers in particular varied strongly. In th&R2013 solution sunflowers reached a share
of 20 percent but decreased to almost seven peircéné untargeted incentive scenario. Set
aside increased in all conservation scenarios &iteximum share of more than 43 % in the

untargeted incentive scheme. Other crops showegdsomhll shifts in their shares.
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Table 48: Overview of crop shares under different plicy options

CAP2013 L_Jntarg_eted _Targe_ted Rovx_/ crop Social planner
incentives incentives  restrictions
Set aside grasslandb 4.01 4.72 4.72 3.91 3.91
Hay, 2 cuts % 0.34 0.34 0.34 0.34 0.34
Sunflowers % 20.09 7.19 9.73 15.44 12.22
Potatoes % 0.10 0.10 0.10 0.10 0.10
Corn, silage % 1.85 2.35 2.35 1.87 1.87
Silage, 2 cuts % 9.92 9.21 9.21 10.02 10.02
Rotational set-asidé&b 32.69 43.89 41.66 36.10 39.17
Winter barley % 1.63 2.08 1.92 1.96 1.72
Rapeseed % 18.56 19.33 19.19 17.98 19.19
Winter rye % 0.55 0.36 0.39 2.02 1.56
Winter wheat % 7.19 7.19 7.19 7.19 6.69
Sugar beets % 3.06 3.24 3.21 3.06 3.21

Source: own calculations

To analyse the costs of the three policy optioree ($able 46), a distinction was made
between the on-farm costs that stem from losseth@rarm due to changes away from an
optimal solution (opportunity costs) without anylipp intervention and the budgetary costs
of a policy which comprise only the expenses oemives paid to the farmers for reasons of
simplicity. As described before, compensation paysmemight be possible in a legal
restriction scenario but such compensations arecnatial for the outcome of the policy

option (see Chapter 7.7.3.1).

Costs €
788,574
800000 -
640,639
497,283 [ Budget costs
401,409 B
400000 O On-farm costs
14,340 11,139
0 ‘
Untargeted Targeted Row crop Social planner
incentives incentives restrictions

Source: own calculations
Figure 29: Costs of different policy options
Figure 29 illustrates the highest costs for an ngetiezd incentive option both for the on-farm
costs as well as the budget costs (see also Td&)leTéhe higher on-farm costs for the
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untargeted compared to the targeted option canxaieed by the bigger leeway the targeted
option has in the use of highly profitable crops educing on-farm costs. Since payment is
available on all field types in the untargeted optithere is no need to consider whether a
ploughing tillage system is more profitable. Howe¥eom a regional farmer’s viewpoint, the
policy with the highest total gross margin, which the untargeted incentive scheme, is
preferable. For the row crop restriction option, dicect budget costs arise under the given
assumptions, so that only on-farm costs are rehtls®ugh a change of production practices.
This holds true as well for the social planner seen which caused almost similar on-farm
costs as the row crop restriction scenario.

The cost-effectiveness of the different policy ops can be based either on the total costs
(the sum of on-farm costs and budget costs) orratgdg on the possible budget costs and on-
farm costs for each option in relation to the pbabkioutput (erosion reduction) the policy
option provides. Both alternatives (either as taiasts or itemized costs) are either biased
towards the incentive or the restriction option.wdwer, the comparison of both cost types
also provides valuable insights, for it shows whire costs occur. For now, both options

serve as appropriate indicators for the effectigsrd a policy.
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Figure 30: Cost-effectiveness of different policymtions based on total costs

Using the total cost-effectiveness ratio for eaghcp, it is shown in Figure 30 that a targeted

row crop restriction scenario is more efficientrthaoth incentive options. It is remarkable
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how close the row crop restriction came to the -effgictiveness of the social planner
scenario that optimised land use while taking ttal terosion risk into account.

Figure 31 shows the partial cost-effectivenessedlto budget and on-farm cost. When only
the budget costs were considered, the row cropiatesh showed through definition “no”
costs, while the targeted incentive scenario waser the second best option. When the on-
farm costs were compared, the row crop restriabiption showed again the lowest distortion
effects in terms of adaptation costs to a policy.
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Figure 31: Partial cost-effectiveness of policy ofgins based on budget costs and on-farm costs

7.8.2 Analysis of erosion levels on high erodible soil pes

The applied bio-economic model provided detailetbrimation on the crops grown on
specific soil types. In the following paragraph ttrep rotations selected by the model are
described for the soil category with the highest goality type and the highest erosion risk
(50_6) for the four analysed policy options andgbeial planner scenario.

Figure 32 shows the erosion risk values of the cobation of this category broken down to
individual crops. The crop shares are a resulhefdptimization. The figure shows both the
average value (columns) and the minimum and maximaiwe of each crop that was found
in the soil erosion risk assessment database éomibdel region. Due to the different slope

types in the soil categories, some grid cells slibaresion risk of up to 15 tons/hal/year.
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Figure 32: Erosion risk of crops on high erodible ield types for different scenarios shown as average
(columns) and minimum and maximum values as foundrosingle grid cells

For all policy options except for the row crop region, crops with a high erosion risk
potential were also found on highly erodible sgipds. High soil quality prevents the
adoption of the reduced tillage options, which havdact less variable costs but are less
adopted for reasons of manure management withinmbeel regioh®. Even though sugar
beets were cultivated with the reduced tillage @ptihe average erosion risk was still at 2.0
t/ha with a maximum of 9.8 t/ha. This example shtived all the scenarios have a comparable
erosion reduction over the region, but the extrewaey. High values of erosion risk can be
found even in the social planner scenario for trsssks. The reduction of soil erosion risk is
achieved at this level of erosion prevention os festile soil categories.

A final analysis was done on the spatial positignit crop types. Table 49 shows the crop
shares on the highest solil erosion risk soil tyté Wwigh soil quality under soil conservation
policies in comparison to the CAP scenario (see Rigure 32). Sunflowers kept the same

share, except for in the restriction scenario, whew crops are not allowed on this field

13 Both sugar beets and corn silage are suitablehifgh manure uptakes. The reduced tillage optioms ar

designed for lower levels of manure application.
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type. Corn silage was only grown in the targetextimive scenario, while the rapeseed share
increased in all conservation scenarios. Sugarsbeetre not reduced in the incentive
scenarios but were not allowed in the restricticenario. Rye served as the dominant crop in

the restriction scenario. The share of winter wivesg not affected by the policies.

Table 49: Crop shares on highly erosive field typwith good soil quality

Crops CAP2013 Untarg_eted Targe_ted Rovx_/ crop Social
Incentives Incentives restrictions  planner

Sunflowers % 25 25 25 25

Corn silage % 17

Rapeseed % 25 25 25 25 25

Winter barley % 17 17 42

Winter rye % 50

Winter wheat % 25 25 25 25

Sugar beets % 8 8 8 8

Source: own calculations

7.8.3 Thresholds results

In order to find out which scenario meets the thoéd suggestions of chapter 5.4.1, the
modelling results were compared to the respectiveshold values. The analysis was
focussed on the soil erosion risk of the specifaps, to see whether values that surpass the
demanded level of the threshold could be found!era® lists the scenarios and the threshold
values and indicates which scenario could meetesiiold. The threshold is not met, if one
crop shows higher erosion rates than the benchmifatke threshold. For a more specific
distinction, the maximum erosion risk found withihe region data was also used for
comparison. All scenarios were able to meet thiea&/threshold, since it was even meet by
the CAP2013-scenario. No scenarios could meet thev/a threshold, for at least one crop
(mostly sugar beets) would have higher levels ofien. Only the CAP and the untargeted
incentive option could meet the soil quality rethtereshold.

When the maximum values found for erosion risk wesed for comparison, even the 8t/ha/a
threshold became a difficult level to reach. Orihg trow crop restriction and the social

planner scenarios were able to keep erosion riklesdelow 8t/ha/a.
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Table 50: Soil erosion risks of crops in scenariasompared to the threshold values for soil erosionigk
(++ = below threshold for maximum values, + = belowhreshold for average value, - = above
threshold for average value)

Tolerable soil erosion (TSE) <

Scenario Soil quality
1t/ha*a index /8 8t/ha*a
(t/ha*a)

CAP2013 - - +
Untargeted incentives - - +
Targeted incentives - + +
Row crop restrictions - + ++
Social planner - + ++

Source: see Table 13 and own calculations

7.8.4 Spatial analysis of erosion rates under different plicy options

The linkage of soil categories in the bio-economiodel to the GIS-data allows the
illustration of resulting erosion rates for eachi sategory in a map based on the average soil
erosion risk for the region. For each category fuirby the soil quality and erosion risk type,
an average erosion value was calculated on the bashe resulting crop rotation in this field
type. Figure 33 shows the average erosion risk utitee CAP2013 conditions. The map
shows elevated erosion levels scattered over tlodewkgion, reflecting the heterogeneity of
soil erosion risk in the region, which was alsowhan the initial map on soil erosion risk of
the region (Figure 8, p.64). Note that the mapigufe 8 is based on an estimated average
crop rotation and does not take into consideratibe,fact that farmers may select the crop
rotations according to the soil quality. Since thedel calculated mostly set-aside for poor
soil types, these soils showed a relatively low soosion risk even on high erodible sites.
The highest average erosion rates were found ea wiith high soil quality and high natural
erosion risk due to slopes. Under the CAP2013 ¢mmdi these soils types were partly grown
with sunflowers and sugar beets (see Table 49).

The untargeted incentive option (see Figure 34)led the erosion risk in the region. The
highest erosion risk sites under the CAP2013 canditimproved under this option to less
than 1.5 t/ha/year of erosion risk. The map showse\eerall reduction in soil erosion risk for
most sites as a result of the increase in redultaget practices.

Under the conditions of targeted incentive paymemtseduced tillage the reduction of soil
erosion risk is achieved in a different way (seguFé 35). Some hot spots still show erosion
rates of the highest class, even though the totai@n amount was reduced to the same level
as in the untargeted payment option. One reasothi®is the cultivation of reduced tillage

corn silage on the soil category with highest dyand highest erosion risk (see Table 49).
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The restriction of row crops on high erosion saitegories resulted in the cut back of soil
erosion risk on all sites (see Figure 36). No sategory exceeded the average soil erosion
risk of 1 t/ha/year.

If a soil conservation policy that prevents anesifrom still showing elevated soil erosion
risk is needed, then row crop restriction wouldare effective. However, if only an overall

reduction within the region is aimed at, then &llhe policies would be effective.
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Figure 33: Average soil erosion risk for the regiorunder the CAP2013 conditions
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Figure 34: Average soil erosion risk for the regiorunder untargeted incentive conditions
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Figure 35: Average soil erosion risk for the regiorunder targeted incentive conditions

Source: own presentation
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Figure 36: Average soil erosion risk for the regiorunder conditions of row crop restrictions
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7.8.5 Changes in livestock production and labour needs

The conditions in the scenarios also have effeatshe livestock production and labour
needs. The dairy sector was only moderately affecte. the amount of milking cows kept in

the region stayed the same for all scenarios exiwepa small increase in the restriction
scenario. The fattening bull sector, which was cetety given up under the CAP2013
conditions, did not receive any incentive throudje soil conservation scenarios to start
producing again. As for pork production, the scmsashowed diverse results: Under the
CAP2013 conditions, almost 16,000 pigs were produge the region. The incentive

scenarios changed the opportunity costs for thisstock system in such a way that pork
production became less profitable. In the row aesiriction scenario, the production of pork

increased by almost 5,000 units as compared t€ #2013 scenario (see Table 51).

Table 51: Animal numbers in the scenarios

Untargeted Targeted Row crop

Scenario CAP2013 Incentives  Incentives restrictions
Cows numbers 1,973 1,973 1,973 1,995
Fattening bulls numbers 0 0 0 0
Pigs numbers 15,947 6,007 5,446 20,223

Source: own calculations

The effects of the scenarios on the labour demarnbd region also varied. Table 52 shows
the labour demand under the different scenariosizied by plant and livestock production.
All reduced tillage scenarios showed a decreaskbour demand compared to the CAP
scenario, due to the reduction in pork productishjle the row crop restriction option
provided more labour opportunities. However, in@ possible to conclude that agricultural
labour demand could be directly increased by soiiservation policies. The effects on
livestock production are not related directly te tholicy, but rather based on the opportunity
costs of pork production in these examples. Padeprvary for many reasons, so the effect of
such conservation policies would instantly be cetadted.

Table 52: Labour demand in the scenarios

Untargeted Targeted Row crop

CAP2013 . . .
Incentives Incentives  restrictions
Labour plant production numbers 27 27 26 28
Labour livestock production numbers 51 43 43 54

Source: own calculations
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7.9 Conclusions

7.9.1 Policy options

The effects on soil erosion risk and the econontitagon of a region was shown in the
preceding chapters using examples of selected cawmikervation policies. Based on the
conclusion of market failure, a policy interventiwas justified. A cost-effectiveness-analysis
was applied following a safe minimum standard apphoso that an efficient solution to
reduce soil erosion risk may be found.

The examples showed that policies based on redtilage incentives can positively
influence the erosion situation in a region. Howewgiven the voluntary nature of the
incentive policies, the actual uptake of such pmognes is subject to the surrounding
conditions (e.g. relative prices, attitudes of farg), which might even cause adverse effects
on such policies. The row crop restriction optitsobaachieved similar erosion risk reductions.
When the costs of policies were examined, the iotisin option was proven to be highly
effective in terms of on-farm costs, while budgeists could not be considered in this
framework. Incentive based options showed highl tmiats due to both budget and on-farm
costs.

When looking specifically at the cost-effectivenegsthese policies, row crop restriction
seems to be advantageous over the other optiongeww, since the costs of policies in this
framework were restricted to on-farm and budgetsc@representing the sum of payments for
certain measures), the result was therefore biasedfavour of row crop restriction.
Compensation payment to farmers for losses thraugi a policy would also increase the
budget costs for the row crop restriction policy.

When the on-farm costs induced by the policies werapared to the benchmark scenario of
the social planner, the row crop restriction sceneame very close to this result. However,
the changes induced by each scenario were diffevéhile the row crop restriction banned
all the high erosion crops from high risk spotg Hocial planner option only shifted certain
crops but still kept certain highly profitable csopn the high risk areas.

Note that the policy scenarios are not driven leydbal “soil erosion risk reduction” but by
the maximization of the rent that could be achietredugh the reduced tillage incentive or
by the minimization of the negative effects of agrestriction on the total gross margin. As a
result, even adverse effects that were not intebgetie design of a policy can occur.

This outcome shows a dilemma that holds true fonymagri-environmental policies: if a
policy cannot specifically target a certain impronent of an environmental situation, the

policy maker has to rely on a correlation between amricultural measure and the
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environmental effect. Therefore, all action-oriehigolicy instruments face the risk of not
having direct influence on the environmental ohyest but only influence on a specific
agricultural measure, which is only to a certaiteak correlated with the improvement of the
environmental situation. This effect could turn ghalicy instrument into a policy failure,
depending on the level of desired outcome achieved.

The high budget costs for the incentive based esliallowed for the large windfall gains for
reduced tillage practices that were already in tgracunder the CAP2013 scenario.
Additionally, the effect of reduced tillage pra&scon erosion reduction is actually rather
limited compared to crop change. Therefore, alntugte quarter of the area had to be made
eligible in order to meet the envisaged erosiomctdn level which resulted in the extremely
high budget costs. Furthermore, there were cropstygsed that were rather unsuitable for
reduced tillage.

The difference between the budget and farm codfiseinncentive policies shows to a certain
extent, the overcompensation from the incentivengays. In the single field example,
incentives are truly needed to compensate for seeafi less profitable cropping practices on
the single field. However, a single field examptes not take into account a farm’s ability to
compensate for the loss from conservation practiasits other fields. Therefore, windfall
gains are more or less unavoidable.

Based on the cost-effectiveness criteria and oragis@emptions of the modelling framework
row crop restriction was shown to be the preferggdkcy among the tested policy options
even if compensation payments for the on-farm oestdd be paid.

However, in reality additional costs will arise falt policies. It can be expected that control
costs will arise for all three options. The prometecution of reduced tillage has to be
monitored for the incentive options, while the romep restriction policy is only dependent on
the appropriate control mechanism of such a reigulatSuch costs can affect the overall
effectiveness in terms of money spent per ton dticed erosion and therefore need to be
considered in the analysis of policies. The releeaof such costs that go beyond the basic
on-farm and budget costs will be discussed in Gt

Further conclusions on the theoretical conceptiea/n in Chapter 9.1.

7.9.2 The modelling system

The application of the chosen modelling system detlphow the resulting on-farm costs and
budget costs for all policy options based on thedeulying assumptions. It was able to show
the effects of both the soil conservation poli@esl the effects of the general policy changes
(from the conditions of Agenda 2000 to the new GAférm).
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The indicators chosen in this approach were helippfuhe analysis of the effects of policy
changes. The basic indicators “total gross margimd “soil erosion risk levels” provided
general information on the conditions following theplementation of new policies. The
derived indicator “cost-effectiveness of soil cawsdion policies” shows clearly which policy
spends the least money for the reduction of sosien in a region, where these costs occur
and the form they take (either as on-farm or agjbtidosts).

The availability of the complete range of croppprgctices for each crop in the model is very
important. If certain crops are not defined witduee tillage options, the model results can be
biased.

Reduced tillage practices are in general more taita® in terms of lower labour costs. High
incentives for such tillage systems create unrmg@alisombinations in the resulting model
solution. Given a soil conservation measure witghslly higher costs (e.g. zero tillage in
combination with specific machinery) than a staddaeasure, the model can be expected to
increase the area of reduced tillage from verytimmuch higher levels.

The degree of detail in the modelling system allfovghe specific analysis of the crop shares
grown, the spatial distribution of certain cropsveall as the indirect effects on livestock
production and labour demand. Therefore, the magptoach can help as a decision support
for policy makers.

The model describes changes in behaviour based onlythe assumption of profit
maximization, while other motives of an entrepranave not taken into account. Risk
minimization, social influences within the commuyndtf the region and personal preferences
can change the reaction of farmers in comparisdheanodel results.

Furthermore, the model was not based on a dynappcoach, so the financing costs of
investments in new machinery for soil conservati@asures are not modelled as clearly as in
a dynamic model. In order to avoid the strong iefice of these effects, only measures that

could be realised with standard farm equipment waodelled.
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8 Transaction costs, property rights and soil conseiation

8.1 Background

In the preceding chapter, the implementation off smnservation programmes was analysed
through cost-effectiveness with regards to on-faosts and direct budget costs of incentive
payments. The implementation of these agri-envirmsal policies raised further questions
regarding which instrument is preferable from angection costs and property rights
perspective.

In this chapter, such questions are discussedatcatBynthesis of the modelling results and

the application of a wider economic framework carfdund.

8.2 Thescope of analysis

In the case of governmental intervention justifigd market failure, governments have to
decide which policy should be promoted to meetetgis needs for soil protection, be that
more extension services or the financial supportestain cropping systems. Furthermore,
they have to decide, whether the programmes shmmutdrgeted at certain sensitive areas or if
the programmes should apply to every farmer witnicountry. Regardless of the decision,
each choice brings further costs with it that ceinebt only of the money paid to the farmer
for compensation or as an incentive. There are alfsoinistrative costs, i.e. the programmes
have to be implemented, controlled and fraud hdsetprosecuted (McCann et al. 2005). All
these hidden costs are summarised under the tensattion costs that was initially
characterized by Coase (1937) as the main detentniftat allocative decisions within
economic systems. In the same context, it is ingmbito know the distribution of the property
rights for the relevant goods, since their allamatis a crucial point in whether a programme
will be successfully accepted (Challen 2000).
Transactions costs and property rights are terrmsnuanly used in the context of New
Institutional Economy. This chapter gives a brieéwview of some of the economic theories
from this branch of economics that can be usedpdae the problems that evolve from the
design and implementation of more sustainable jslicFurthermore, the use of these
theories within this study is described in the egha® of soil conservation policies.
The emphasis is on the evaluation of the adminig&gart of transaction costs, which is
often neglected in the process of designing agrir@mmental programmes (Falconer and
Whitby 2000). Given the constraints in time, thdimjgl allocation of property rights cannot
be evaluated within this study. This is also beedausmidamental changes in property rights
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without compensation require a lot of time for tlegal preparation within a democratic
system and will face high resistance among thectste groups: either as a result of rent-
seeking processes (Buchanan et al. 1980) or asutnome of the given distribution of

political power (Knight 1992). Within the short-ter process of policy-making an

uncompensated change of property rights is a diffitask.

Therefore, for the following discussions it is as&d that decision makers develop policies
based on a given set of property rights, using maidetools such as legal restrictions
accompanied by compensations or financial incestif@ certain measures to induce
behaviour change instead of a strict redistributiethout compensation through legislative
orders. Hence, the focus of this study is to find dow the total costs of soil conservation
programmes (i.e. including transaction costs) cannbnimised for specific scenarios of

reduced erosion levels.

8.3 A brief overview on New | nstitutional Economics

8.3.1 Transaction costs

Transaction costs are the basic subject in mogirittee of New Institutional Economics.

Transaction costs determine the behaviour in axéeh organisations.

Some definitions for transaction costs are (afitmins from Hubbard 1997):

» the costs of arranging a contract ex ante and mamif and enforcing it ex post
(Matthews 1986)

» costs of running the economic system (Arrow 1969)

» the economic equivalent of friction in physical &gyas (Williamson 1985).

A very general, but precise definition was givenAdlen (1991): “(...) | define transaction

costs as the cost of establishing and maintainiogesty rights. This definition illustrates that

these costs arise out of more than informationscakat they are not just like taxes, and that

they are necessary to explain any distributionropprty rights.” Furthermore he stated that

“incomplete property rights and transaction coststao sides of the same coin.”

8.3.2 Property Rights

Characteristics of a property right are the rightmtanage a defined object, the right to receive
income from using the object and the right to atenor sell the object (Scott 1989a; Scott
1989b; cited in Challen 2000).

Bromley (1989) used the term property right vergdally and linked it to the term institution
in the economic sense: property rights do not a@fine the ownership of a person to an

object. According to his definition, property righinclude use rights, exchange rights,
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distribution entittements, management systems aistesis of authority and enforcement.
Property rights incorporate all the institutionallas that govern the ties between an
individual, the society and a certain object.

Challen (2000, p. 15) described “property rightsheessubset of institutions for the regulation
of behaviour and social interactions with respextobjects of value. In an institutional
context, property refers to the rules of behaviatiner than the object.” Bromley (1989; cited
in Challen 2000), also stressed the meaning of gtgpights more as the “social relation
amongst individuals within a society than a relagiop between an individual and a
particular object of value.”

The economic definition of institutions as “theasilof the game” (North 1990) or “social
rights and obligations” (Hubbard 1997) comprisesodhe term “property rights” as a certain
form of institution. Transaction costs are usedhiis context to describe the allocation costs
of property rights.

One of the objectives of NIE is to analyse the @logghts and obligations (institutions). The
central point is the draw up, monitoring and enfagcof contracts. All this is reflected in
transaction costs as the extent of imperfect inédgiom (Hubbard 1997).

The time dimension is important in NIE, since itgtons can only be appropriate for a
certain time, but will change under the pressurdifféérent scarcities. In short, NIE attempts
to show why neoclassical economics often fails xplan real world economics (Hubbard
1997).

The given distribution of property rights is of semelevance, since transaction costs can vary
highly if property rights on certain attributes dae transferred to or shared between different
agents (Lippert 1999; Lippert 2005).

In the context of soil conservation, the properghts on the land used by farmers play an
important role. If farmers own the full set of pesty rights of the their land, i.e. the right to
use it, sell it and even destroy it, then all tfferés to limit soil erosion would have to be on a
voluntary basis, aimed at the limited purchaseeofain parts of the property rights. However,
these property rights are usually limited by pulbierest represented by jurisdiction or based
on agreements between land users. Ciriacy-WantndpBashop examined the institutional
performance of common property institutions andcbatted that there are many examples
where these tools could serve adequately in theagemnent of public property. However,
they warned against the dangers of neglecting teéndtion between common property

institutions and the absence of rights to prop@Ziyiacy-Wantrup and Bishop 1975).
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Furthermore, if the use of soil harms other memlmdrsociety, it is very likely that a
negotiation process would be started, where theflighe farmer has from using the soil and
the harmful effects the neighbours will suffer froeme discussed like in the ideal case
described by Coase (1960). Under real world commstithis negotiation process would take
time and may not be as clear cut as Coase proplmsaddition, society could in fact cut the
full range of property rights by dispossession,uttidarmers jeopardise the long term food
security of a country.

One of the main conclusions of Coase’s work is finaperty rights have to be clearly defined
and allocated, be it for the pollutant or the persaffering from pollution. If the interest of
one of the parties is important enough a procesgdnume started so that a solution where both

are better off could be reached (see Chapter 2)4.2.

8.3.3 An overview of the basic theories

The following paragraphs provide a brief overview sbme basic theories of New
Institutional Economics (Hubbard 1997):

» Theory of the firm (transaction costs):

Based on the article “The nature of the firm” byaSe (1937), transaction costs determine
whether a firm or the market is the better institutfor organizing economic behaviour. High
transaction costs within a market due to high risk&ertain conditions and low trust between
market partners, is more likely to result in a legpercentage of resource allocations within a
firm. Later, the article “The Problem of Social €ofCoase 1960) introduced transaction
costs in a wider context of property rights, congation and negotiations in the attempt to
achieve a pareto-optimal solution (see ChapteR 2.

* Theory of the markets (imperfect information):

Focussing more on the organisation of markets tiraithe relations between markets and
firms, this theory attempts to find explanations h@n-market solutions between economic
organisations. Due to imperfect, asymmetric infararaand malfunctioning markets, non-
market solutions are chosen for the co-ordinatibrea@nomic transfers. Markets cannot
develop within very weakly manifested instituticsiech as in developing economies or when
the risk of economic action is not sufficiently eogd by the price (Stiglitz 1974; Stiglitz
1986).

« Theory of politics (institutions used to favourargst groups):

This theory outlines the influence of politics dretdistribution of property rights. Small but

powerful interest groups of producers are ablexertemore on economic decisions than e.g.
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consumers. This “dark side” of pure economy alldiwes initial distribution of wealth and
power underlying allocation decisions ((Bates 198@d in Hubbard 1997)).

White (1993) defined four sources of power in tlveremic performance of a society as:
state, collective action by market actors, marketicture and socially embedded power
through birth or status.

* Theory of history (institutional change):

This theory analyses the influence of society’snemoic and institutional history on the status
guo of institutions and the performance of econop@leaviour. Societies evolve new rules to
reduce transaction costs as they move along thegbatevelopment. When production costs
decrease, transaction costs would rise as a resoibre risk and uncertainty. New rules can
reduce transaction costs just as technical progoesseases the costs of production.
According to this theory, the actual situation loé £conomy is influenced by historically set
path effects (North 1990).

8.4 Transaction costsin the context of soil conservation programmes

8.4.1 Transaction costs in policy evaluation

The act of measuring transaction costs in soil eofaion programmes requires a definition
of transaction costs that is more suitable forehaluation of policies. A definition that leads
further in the context of soil conservation prognaes was given by Thompson (1998):
“Institutional transaction costs (ITC) include thests of enacting a policy by a legislature,
and the costs of implementing and enforcing thdicpdy administrative agencies and the
courts.” Here, the institutional character of traetgon costs becomes apparent. Transaction
costs are always related to institutional arrangegmebut in the Thompson example,
institutions were defined more in the organisationeaning, focussed on the political context
of transaction costs. A more precise descriptiothsf type of transaction costs are setup and
administrative costs.

The following chapters describe the design of enewaork for estimating transaction costs of

soil conservation programmes.

8.4.2 Boundary issues

The first question leads to the institutional boames of the analysed policies (McCann and
Easter 2004): How far does a policy change infleethe set-up of property rights?

Figure 37 describes the different institutionalaagréhat may be relevant in the measurement

of transaction costs.
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C) Changes in the Institutional
Environment, Legal System

B) Development of Market
Enabling Institutions

A) Market Transactions

Source: McCann and Easter 2004; own presentation

Figure 37: Boundary issues related to transactionasts stemming from market transactions, market
enabling institutions and changes in the institutioal environment and legal system

The area ‘A’ corresponds to the pure “market” teast®ns for a policy, i.e. the monetary
exchange of taxes or subsidies and the resultiaggshin production practices. The authors
claimed that focussing only on these costs would tbe limiting. Most policy
implementations are accompanied by the developnoénspecific institutions such as
regulations, controlling agencies and set-up cwsthe political process. Therefore, in order
to measure the transaction costs of a policy, adtlboth cost types (areas A and B) would
have to be considered. If the policy requires clkanghe institutional arrangements or a new
legal system, the field of transaction costs wdwddeven wider (area C). In such cases, costs

for all the areas would have to be analysed.

8.4.3 Stakeholders and transaction costs

Given the institutional boundaries, the analyseitl @nservation policies often do affect a
wide scope of stakeholders. Thompson (1998) pravalbst of actors affected by transaction
costs as follow:

e legislators,

e interest groups,

* administrative agencies,

e courts and

* the private individuals regulated by the policy.

An overview of the involved agents’ functions amane examples are shown in Table 53.
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Table 53: Functions and examples of agents involved the implementation of a soil conservation polig

Function of agent Agent(s)
EU-Council
Legislators German Federal Government (Bundestag)

Federal state governments (Landtag)

Farmers’ Union
Interest groups Environmentalists
Soil science experts

EU-Commission
Administrative agencies | Soil agency
Regional enforcement agencies

Courts Constitutional Court

farmers

persons affected by off site damages caused bioer(i®. residents along
farmland, fishermen, power stations and recreattiosers of water courses)

The private individuals
regulated by the policy

Source: own presentation based on Thompson 1998

The role of the different stakeholders will be hat discussed in Chapter 8.5.2

8.4.4 Forms of transaction costs

For the analysis of transaction costs in agri-emmental policies (i.e. soil conservation
policies), it is helpful to categorize them intoespgic groups. Furthermore, the occurring
costs can be assigned for different purposes. Me@aml. (2005) expanded on a framework
of the different forms of transaction costs basadhe initial design by Thompson (1998).
This Institutional Transaction Costs framework ()JTd&scribes also behavioural assumptions
of all actors involved in the policy making proceksgives a guideline for setting up policy

analyses of different policy options.

Table 54: Typology of transaction costs associatedth public policies and parties incurring costs

Type of transaction costs Incurred by
Thompson 1998 McCann et al. 2005 Le%gsllja;zgre/ Agencies Stakeholders
Research and information + ++ +
Enactment Enactment or litigation ++ + ++
Implementation _De5|gn and : 0 ++ +
implementation
Compliance 0 0 ++
SUDPO.H an_d o} ++ +
administration
Contracting o] + ++
Detection Monitoring/detection o] ++ +
Prosecution Prosecution/enforcement + ++ +

(o) Negligible transaction costs; (+) low transaettosts; (++) high transaction costs.

Source: McCann et al. 2005, Thompson 1998; owreptasion
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Table 54 combines the categories from the framesvprivided by McCann et al. (2005) and
Thompson (1998). The costs describe types of tcdiosacosts accrued on the different
stages of the development and implementation atipsl In the following explanations, an
approach based on Thompson’s theory will be usadthie categories are simpler and more
helpful for the rough distinction of cost types.

It is difficult to assign research and informatituna specific policy. Therefore, according to
the authors, only research that is directly related policy design should be accounted for.
This aspect however, will not be further analysethis study.

The enactment costs can be taken as a lump suttihefarumber of Parliament members does
not change with policy changes. The same mightrie for lobby groups. However, these
costs are beyond the scope of this study.

Implementation costs involve the determination othbits goals and means through an
administrative agency. Such costs vary highly ddpenon the precision and site-specificity
of the chosen instruments.

Thompson (1998) proposed a group of compliancescfust stakeholders that are part of
enactment and contracting costs in the McCann oatesg The compliance costs of farmers
related to a certain policy scheme are definedhasatditional organisational effort in labour
time for participating in a programme or complyiagth a regulation (e.g. applying for
programmes, information gathering on regulations).

Detection and monitoring activities provide infortioa on whether participants follow the
new regulations of the policy and comply with tlemzacted management agreements.
Prosecution costs arise when agencies have toocendopolicy i.e. in the case of the violation
of policy regulations by the affected stakeholders.

Falconer et al. (2001) provided a more detaileégatisation of transaction costs adapted for
the voluntary environmental stewardship scheme&rieat Britain, which are usually site
specific and negotiated individually (i.e. ESA —~vifEonmentally Sensitive Areas). Table 55
shows the level transaction costs are expecteadarpthe actors that will be affected and
whether the transaction costs are dependent osizbef the supported area or the number of
participants. This framework can also be transtete categorize the different options of

voluntary soil conservation programmes.
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Table 55: Categories of transactional costs incurigin the implementation of voluntary schemes based
on compensated management agreements and cost irenide

Main

Category Sub Category State Agency Costs Participant costs
Fixed at the Vgnable Fixed at the Vanab_le,
with no. e.g. with
level of the s level of
of partici- L hectares
scheme Participant

pants entered
Survey of designated area X
Designation of area and prescription X

Information  design

Re-design/re-notification of
prescriptions

Promotion of scheme to farmers X X

Negotiation between organisation and X X X
Contracting  farmer

Administration of contract (including

making payments to farmers)

Policing Enforcement of farmer compliance X X X

Environmental monitoring and schem
evaluation

U

Evaluation

Source: Falconer et al. 2001; own presentation

The first step at the implementation level is gatigginformation on the area and the suitable
measures for conserving certain attributes in #inéaa. The increase in knowledge regarding
the area or the environmental good could createndezl for redesigning the conservation
measures. This part creates only more costs ogavernment side.

When contracts are negotiated or placed with fasmiire possible participants have to be
informed, the payments have to be negotiated (8Be atais a very individual contracting
scheme) and the whole programme has to be adnait@dtrEven voluntary programmes with
a fixed payment require a certain amount of proamtsince the participation depends on
information provided to the farmers. At this stagests can arise on both government and
farm side.

The policing category comprises costs that arigmfenforcing farmer compliance. The state
agency faces costs that vary with the number digiaants. A participant on the other hand,
might have variable compliance costs depending henamount of land entered into the
scheme.

The evaluation of the environmental effects of ewnation programmes creates costs only on
the governmental level. According to the authohgse costs are fixed at the level of the
scheme. This means that a large number of partitspaith only small shares of land in the
scheme would create higher monitoring costs thanitmang the effects on a piece of land

that is owned by one individual farmer.
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Both approaches use similar categories with overiapcertain parts. The analysis in this
study will be based on the categories by McCaral.§2005) and Thompson (1998).

Another issue in the policy developing processnmget Transaction costs do not occur at the
same time and constantly over time (McCann et@52 Some policies might have high set-
up costs but low costs after implementation, wbileer policies cause a steady flow of costs
(e.g. permanent control costs).

8.4.5 Recent attempts in measuring transaction costs oheironmental policies

There had only been a few attempts to categorizk ragasure transaction costs of agri-
environmental programmes. Falconer et al. (200d)Faiconer and Whitby (1999) estimated
the transaction costs of implementing countrysitewardship programmes in the United
Kingdom and in Europe. Westra et al. (2002) analytbe transaction costs of policy options
for phosphorus reduction in the watershed of MioteRiver. McCann and Easter (2004)
proposed two ways of measuring transaction cosemefonmental programmes: either 1) by
surveys or interviews to estimate transaction cost) based on government expenditure
reports.

Surveys or interviewsare time consuming and thus costly (McCann andeed€99b) but
they make it possible to obtain information on thik range of relevant costs and implicit as
well as explicit costs.

Transaction cost measuremdyatsed on government expenditure reportge.g. Falconer et
al. 2001, Falconer and Whitby 2000, McCann and &a2000), has the advantage of
representing actual expenditures and not requisagveys or interviews. However, the
authors did also list a number of disadvantagesQdfhn and Easter 2004): governmental data
do not completely cover the costs desired by rebeas or they cannot by assigned to
specific policies. The agencies have to cooperdte twe research project and spend effort to
get data together. Data can be confidential and/only available after the policy has been
implemented.

When transaction costs are measured a trade-affselietween precision and measurement
costs: if only available data are used and relesadtdifficult to gather data are neglected, the
analysis would fail (McCann et al. 2005). As thehaus stated, “an initial screening across
policy instruments, rough “orders of magnitude” nieeygood enough and would represent an
improvement over current practice” (McCann et 80%), p.521).

A final problem arises from the fact that eithemplioit or explicit costs occur: family labour

has differing opportunity costs within seasons awcdording to the personal interest of a
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farmer. The reallocation of a staff that is alreagyrking in an environmental agency causes
implicit costs while hiring new personal createpleit expenses (McCann et al. 2005).

If transaction costs cannot be measured, a desaript the involved cost types can at least
help in improving the design of a policy (McCanrddfaster 2004).

In general, the above mentioned rough orders ofnihade help give one an idea of the types
of costs that can occur with the implementatiomefv conservation programmes. Therefore,
this study will only aim at a qualitative, cardir@taluation of the involved transaction costs.
The result of this approach is not a monetary assest of the transaction costs of a policy.
Due to the difficulty in measuring transaction &psh more descriptive approach will be
followed to provide information on the feasibility soil conservation programmes.

8.4.6 Suitable reference values for soil conservation picies

The measuring and analysing of transaction cospsine first of all a specific reference value
for the comparison of different options. Some arghsuggested comparing the share of
transaction costs to the total spending of a pdlidgCann et al. 2005).

However, this is only possible if the policies ammparable in terms of compensation levels
and policy design. For the policy options comparethis study, this dilemma is obvious for
budget and on-farm costs. If the incentive basedjyq@amme is compared to the regulation
option with no direct payments to farmers, the tagion approach would consist totally of
transaction costs according to the above definitan institutional transaction costs.
Nevertheless, the regulation approach could be-effistent in terms of total costs of the
policy.

Besides, if a low TC share of the total budgetssuaed to be efficient, this would imply that
the higher the payments to farmers are, the mdiaestt this policy would be. Again, this is
only true when similar policies with equal budgate compared.

Other indicators such as transaction costs peftesoantract or per hectare of contracted plots
could face similar difficulties if the type of cormged policy is too diverse. If transaction costs
of different policy types are to be described, iheal indicator is to relate the transaction
costs to an environmental result. In the case bfcemservation, a certain reduced level of
erosion per hectare would be the most appropmmateator.

This is in line with Falconer and Whitby (2000) whktated that the overall efficiency of a
policy should be the aim of the analysis, i.e. th&l costs per indicator value should be
looked at, which include transaction costs and paysito the farmers.

For this study, the potential amount of erosionaofegion, which is derived by the bio-

economic modeling in the previous chapters, orpibiential average soil erosion per hectare
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serve as appropriate indicators for soil erosionth® comparison of the different policy

options.

Excursus: The influence of attitudes
It must not be forgotten that attitudes towardsseowation programmes play an important
role in the participation of farmers in environmantonservation programmes (Drake et|al.
1999; Falconer 2000; McCann and Easter 1999a). Metailed information regarding the
reason for nature or soil conservation can infleeattitudes towards these programmes.
Negative attitudes towards these programmes aen afaused by a lack of informatign.
However, the distribution of information is not astless effort either. There is a trade-off
between lowering the uptake costs for farmers aising costs on the administration side
through the provision of information.
However, attitudes were not analysed within thiglgt Attitudes can vary among farmers and
explain participation in environmental programmadividually. For a regional modelling

approach, attitudes are unlikely to be describable.

8.4.7 Attributes of an environmental good and transactioncosts

Each environmental good can show characteristatsdéin have an influence on the potential
transaction costs and the appropriate instrumenit$opromotion. Weersink et al. (1998)
outlined that there is no overall first best instent for the promotion of all environmental
goods that are demanded by society. An approppatey minimises (the sum of) the
environmental costs of the external effects of adtural production (residuals), as well as
the abatement costs of the producers and the astnaitive costs for regulation, monitoring
and enforcing compliance.

Falconer et al. (2001) related the appropriatersdsan instrument to the variability and
heterogeneity of the participating farmers inclgdthe properties of their farms (in terms of
their opportunity costs) and to the variability thfe environmental good. The higher the
variability of costs and goods, the more individyalegotiated are the agreements (Table 56).

Table 56: Appropriate instruments depending on therariability of the environmental good and
producer/Production type

Variability of producer ( in terms of agricultural
opportunity costs)
Homogeneous Heterogeneous
Variability of agri- Standard contracts gnd _
environmental good Homogenous payments for specified goods| Auctions
and services
Heterogeneous Site-specific management agreemehisagments

Source: Falconer et al. 2001
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Falconer and Whitby (1999) gave a more detailedsdigation of policy options and their
administrative costs to promote agri-environmemgfabds (Table 57). It was stressed that
depending on the type of policy approach choseiferdnt administrative costs will occur.
However, the general framework from rather voluptao more restricting measures,

changing the distribution of property rights fundartally, is still the same.

Table 57: Policy approaches and administrative cost

Information, set-up,

A Contracting Policing

promotion
Persuasion and Advice X
Regulation X
Market mechanisms (e.g. taxes) X
Tradable permit schemes X X X
Voluntary management agreements X X X
Public purchase of land X X

Source: Falconer and Whitby 1999

8.4.8 Research on transaction costs in environmental paiies

The following paragraphs show examples for quamigfytransaction costs in environmental
policies and list arguments brought up in the dis@an of environmental programmes from a
transaction cost perspective.

An attempt to calculate transaction costs was nwaitle the comparison of the transaction
costs of organic farming to those of a set of vtdmy standard environmental programmes
with comparable effects (Hagedorn et al. 2004; Hemet al. 2005). Organic farming was
proven to be a policy option that decreases trdimsacosts compared to single measures
when administrative costs were analysed.

Falconer and Saunders (2002) compared the schdateeréransaction costs of individually
negotiated and standard management agreementong derm nature conservation scheme
for sites of special scientific interest in the Noof England. They showed that in the specific
case of these programmes, individually negotiatgdements bore less transaction costs than
standard management agreements.

A study was performed to measure the magnitudeaokaction costs associated with policies
to reduce agricultural nonpoint source pollutionsfeecified levels in the Minnesota River
(McCann and Easter 1998; McCann and Easter 199Bi¢rviews with staff from
governmental agencies were conducted to estimaeasisociated transaction costs. The
results showed that the tax policy on phosphat@lifers had the lowest transaction costs,
followed by educational programs on best managenpeattices, the requirement for

conservation tillage on all cropped land, and tkpaesion of a permanent conservation
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easement program. The requirement for conservétiage on all cropped land was less cost-
effective due to the high control costs of the canthand control approach (McCann and
Easter 1999h).

Westra et al. (2002) reported lower transactiortsco® targeted as opposed to non-targeted
policy options for phosphorus reduction in the wshed of Minnesota River. With
transaction costs taken into account, the coststafgeted programme could be outweighed
by a higher cost-effectiveness (Westra et al. 2002)

In general, some decision rules for the choice betwvoluntary and regulation approaches
should be considered:

High heterogeneity of an environmental good jussifiextra efforts for spatial targeted
programmes (Falconer et al. 2001).

The severity of a soil erosion problem can be tiggér for one of the options. If soll
degradation is developing at an alarmingly higke,ratcommand and control strategy would
be preferred by governments and uncertain volungaigption may be avoided (Oates and
Portney 2001). However, high rates of soil degradatould also increase the awareness of
land users and support voluntary adoption of soitservation measures, as stakeholders
would be more involved in the resource problem (@st1991). Additionally, the threat of
implementing mandatory regulations could also foleed users to adopt voluntary
programmes in order to avoid more drastic measfroes a command-and-control policy
(Segerson and Miceli 1998).

Latacz-Lohmann (2001) underlined that voluntaryrapphes create the notion of fairness.
The award of windfall gains from conservation pergmes to participants with low
compliance costs can be avoided through a regulaaicy with least cost compensation
payments.

Even though property rights were assumed to belairfor all policies (if a compensation
payment was considered in the regulation approatie), political price of changing the
institutional arrangement of soil conservationmatis can vary between the options analysed.
A mandatory regulation usually faces higher resistacompared to a voluntary approach
(Latacz-Lohmann 2001). Therefore, the feasibleaspbecomes clearer through the political
process of discussion and testing of options byrthelved stakeholders.

Altogether, these results show that transactiontscdepend on several factors such as
targetedness, economies of scale, specificity efptogrammes and the selected instrument

itself. These factors are also reflected in thofwing analysis.
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8.5 Qualitative analysis of transaction costs of soil conservation policies

The aim of this chapter is to derive the magnitafi&ransaction costs for the administrative
part of policies and to point out the differencesween the three policy options analysed.

In contrast to the on-farm costs, the estimatedstetion costs related to the different
scenarios are much more of a qualitative naturee Bu the different levels of detail,
measurability and quality, it would not be accurdesum up the results of the modelling
approach with the following qualitative consideoas.

In the following, the different aspects from Chap&4 are discussed using the specific

example of the above analysed soil conservatioicips|

8.5.1 Boundary issues

The soil conservation policies analysed in thidgtwere based on a given set of property
rights, i.e. it is assumed that the right to uséisceither claimed directly by the farmers (in

the incentive option) or purchased partly by offgriincentives. Or, in the case of a
regulation, the change in property rights must benpensated to the owners of the soil.
Therefore, using the terminology of chapter 8.thg,set-up costs of specific institutions such
as regulations and controlling agencies must beidered. All policies must be based on a
legal regulation:

* In the case of an incentive approach, the agenct briauthorised to offer incentives
for specific measures. This usually needs to bedasn EU-regulations. Then, the
regulations are further implemented on the nati¢aadl federal state) level.

e In the case of specific land use restrictions, thagy be either based on national or
regional planning decisions, or, be part of an Edewframework directive
(Commission of the European Communities 2006). Same is true for a targeted
approach that needs to be based on a legal attdf@election of the regulation area.

As a result, the institutional boundaries for allipes need legal regulations (see Figure 37,
p.148, area A and B) and therefore, can be assumdue similar except for targeted

approaches, which require greater efforts.

8.5.2 Agents involved in the policy making process

Transaction costs affect different actors withine tiprocess of developing an agri-
environmental programme. The following chapter hgjtis the actors that could be possibly
involved and their assumed behaviour in such apatiaking process.

Most agri-environmental programmes are based omé&bRegulation (EC) No 1698/2005

(European Council 2008a), which regulates and agsrathe design of these policies.
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Furthermore, since the adoption of the “Thematrat8gy for Soil Protection” (Commission
of the European Communities 2006), soil consermatill be increasingly addressed on the
European leveéf.

On the national level, the relevant legislators dne German Federal Government
(Bundestay that adopts national laws (e.g. the German Soilservation act) and the
governments of the German federal stateefidej that have to implement national law on
the federal state level by means of an enactmeheé Way the Federal Act will be
implemented can vary between the federal states.

The federal state governmentsaéndej are likely to formulate the enactment of the EU-
guidelines in a way that meets the interests ofagerinterests groups (Latacz-Lohmann
2001). The relevant interest groups involved irl sonservation aspects are farmer unions,
environmentalists and experts in soil science. ptessure from some interest groups can
influence the administrative agencies (federal,efall state and local agricultural and
environmental agencies) to formulate the enactrimestich a way that EU funds are likely to
be used to minimise farmers’ costs and externaimost of the incurred costs to the EU
budget (Latacz-Lohmann 2001). The formulation of tBerman Soil Protection Act was
influenced on the federal level by interest gro(ipsthis case the farmers’ lobby) in such a
way that “good technical practice”, a rather diffudefinition of proper land use was assigned
to be the appropriate way to prevent soil eroslaandel et al. 1998) (see also Chapter 3.3.2).
Even independent expert commissions have theivighaial, subjective interests, since it often
is their goal to promote a maximum level of soihservation. To some extent, this group
assigns an intrinsic value to soils that is notwer from actual, potential or future use values
(Cicchetti and Wilde 1992). However, it is the taslpolicy-making institutions to facilitate
the differing interests of society. For the diseosson values reference is made to the works
of Dabbert (1994), Navrud (2000), and Pearce (1993)

On the juridical level, the Constitutional Courtncbe involved if the legislation process is
considered inconsistent with the German constitutibereby impairing the property rights of
land owners. Private individuals regulated by tloéiqy are the farmers, but also everyone
that suffers from the degradation of soils and si- damages caused by erosion (i.e.
residents along farmland, fishermen, power stateotsrecreational users of water courses).
The above considerations can affect all of the ymeal policies in a different extent.

Incentives will face of course less opposition agdarmers than restrictions, especially if

4 Even though the proposal of a draft directive doil protection was not accepted by the Europeam€ib
(European Council 2008b).
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windfall gains are possible. However, in times iafiled budget and increasing justification
pressures against subsidies, taxpayers will faxestrictions.

A further distinction can be made for targeted @eB: in this case, the stakeholders affected
are divided into two groups: one group benefitsnfror suffers under the new policy while
the other group is not affected, but might feehdisantaged because it cannot participate in a
soil conservation programme. In this case aspdctaimess and equity become important.
Latacz-Lohmann (2001) illustrated that “farmers tiggrating in an agri-environmental
incentive scheme may find it “fairer” if all partpants receive the same payment for the same
level of commitment (egalitarianism), while it waube more cost-effective to offer different
farmers different payments according to their imdlial compliance costs (proportionality).”
This example is also valid in the extreme caseotdltexclusion by means of a targeted
programme. Farmers with fields in a non soil emsiisk area cannot offer the service of
erosion reduction, and therefore cannot expectpaynent for it. This aspect needs to be
considered when spatially targeted programmesa&ntinto account.

8.5.3 Forms of transaction costs

In order to find an efficient policy option, therfos of transaction costs have to be evaluated
and compared. Given the difficulties in measuringnsaction costs, a description of the
relevant transaction costs in a qualitative, conmgamway provides an overview of the
expected costs.

Using the Thompson classification of Table 54, phecedure is described below (see Table
58).

Table 58: Estimation of transaction costs types fothe policy options in this study

Cost type Evaluation approach in this study

Enactment costs Assumed to be equal for all pajjons
For spatial targetedness higher enactment costeazam.
Implementation costs  Considerations based on Tablaus additional efforts for targeted approaches

Compliance costs Administrative costs through imfation gathering, increased organisational tasks,
monitoring obligations on farm level

Detection costs Assumed to be similar

Prosecution costs Assumed to be similar

Source: own considerations; categories based ompson 1998

The enactment costs are assumed to be equal fopoally options given the similar
legislation process for agri-environmental inceatiprogrammes and legal regulation.
However, depending on the spatial targetednessehighactment costs can occur. For the
implementation costs, the following consideratians based on the cost levels stated in Table
57 (see Falconer and Whitby 1999), which lead tditemhal costs for both the contracting
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and policing of voluntary management agreementxe(iive options) and targeted
approaches (targeted Incentives and targeted rogvrestrictions).

Compliance costs arise on the farm level througforination gathering, increased
organisational tasks, and monitoring obligationghnfarnt®. These costs are assumed to be
higher for incentive based policies, since farmamsg agencies need to spend time on the
contracting of the programmes, which is not requirethe regulation options.

Additionally, detection and prosecution costs aspehdent on whether a certain action
(conservation tillage) or result (e.g. soil losstans) is awarded. Both alternatives have
advantages and disadvantages (Latacz-Lohmann 200l)ntary conservation programmes
that include the payment of subsidies have at ldestadvantage of showing the extent of
participation through the number of contracts codedl and area covered. However, the
evaluation of the environmental effect of such paogmes can be rather difficult, if only
agricultural measures are subsidised. This mighhbease, when the environmental effect is
not strongly related to the agricultural measufranl intensive farm extension programme is
chosen, detection and prosecution costs will notioat all. On the other hand, the effects of
extension programmes are difficult to monitor, sirtbe results of a more intense extension
can only be evaluated by surveys or proxy indicator

Table 59 assigns qualitative values to the spefofims of transaction costs for each analysed
policy options. The transaction costs of all polaptions analysed are expected to be similar
except for some specific cost types: If programiaresspatially targeted to areas with higher
erosion risks, higher enactment and implementatiosis can occur, given the additional
effort for the identification of erodible areas ahé more specific instructions needed through

the environmental agencies.

!> The technical compliance costs at the farm levelpartly represented by the on-farm costs evaiulayethe
bio-economic modeling with MODAM. Differences in gienal gross margin between status quo and
conservation scenarios describe the technical damga costs of a region. These costs represeatpihertunity
costs that farmers are confronted with through gkann the surrounding conditions. Technical coamie
costs are not considered as administrative traiosactosts and are therefore not included in these
considerations.
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Table 59: Qualitative grading of the analysed polig options using transaction costs categories

Row crop restriction

Cost type Incentive untargeted Incentive targeted targeted
Enactment costs + ++ ++
Implementation costs +++ ++++ ++
Compliance costs* ++ ++ +
Detection costs + + +
Prosecution costs + + +
Overall grading 8+ 10+ 7+

*Compliance costs consider only the administratimefarm costs for the incentive options
Legend: Each + represents an implicated cost mpthrl@dditional cost modules more + are added,;
Source: own considerations

A targeted programme requires a more specific dalat the administrating agency that
contains information on where the conservation @ognes should be applied. However, in
terms of cost-effectiveness, a targeted approashtha advantage of focussing transaction
costs on sites where soil erosion can be expegidditionally, in the European Union, data
for the administration of land use regulations fcrestriction) is already available through
the IACS data, which is currently being used fog #tdministration of both EU farm area
payments and agri-environmental programmes.

The regulation approach is expected to face noscfust contracting and lower costs for
policing (compliance costs), while incentives opsoare expected to have higher costs in
these categories (see (Falconer and Whitby 1999).

Detection costs are assumed to be similar for alicp options, since all policies need
monitoring facilities based on land use data. Ryosen costs are assumed to be similar, even
though violations of EU agri-environmental progragsmare usually sanctioned through
withdrawal of payments, while land use regulatiars enforced through police law.

Overall, the regulation approach shows the lowasking in terms of the transaction cost
categories. However, since no data is availabletlier actual monetary amount of each
category, this result provides only an orientatdrthe involved transaction costs and also an
idea of the possibility that some cost categorigghimbe higher for one option compared to
another.

8.5.4 Attributes of participants and of the environmental good

When focussing on soil conservation, the variapitift the producer costs depends on the
chosen indicator for evaluating soil erosion abaemAssuming an indicator that can show
avoided soil erosion in tons per hectare, the predweosts are dependent on the technical
equipment of the farm as well as on whether thés safi the farm have any potential for

preventing erosion at all. High potential erosi@tes mean low costs for the first ton of
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avoided soil erosion, if the marginal abatementtcage increasing (Meyer-Aurich and
Triiggelmann 2002).

Since it is almost impossible to monitor the acerasion value caused by a farmer as a basis
for payments, soil conservation programmes arellysbased on measure-oriented schemes
(e.g. reduced tillage). If a certain soil consegvactivity is adopted, this will be rewarded by
a fixed payment.

In a regulation approach, all land users of anc#éid region have to comply with the
regulation. Differences in their opportunity coate only reflected in their individual losses
caused by the row crop restriction.

The variability of the soil characteristics (e.lppe, soil type, soil quality) is a central topic i
this study. As Falconer (2000) had concluded, igh heterogeneity of environmental goods
and the difficult definition of aims only increaiee costs of conservation programmes even
more.

The heterogeneity of soils in a region can be aaemder spatially targeted programmes
that avoid payments to applicants with no potergiaision risk at all. However, there is a
trade-off between centralization and de-centrabrat Increasing spatial effectiveness
increases the costs of goal achievement (Urfei 1999

In using Table 56 (p.154) as a decision suppoet vériability of soil qualities in the sample
region justifies the use of site specific managenagneements and payments. If the adoption
rates of voluntary programmes are not high enoughthe environmental damage is severe,
more obligatory programmes would be preferable. @amsations for crop restrictions would
be imaginable in such a case.

8.6 Conclusions

The results from the qualitative analysis of tratisam costs types supported the regulation
approach. Using the on-farm costs generated inbtbeeconomic model MODAM as an
indicator for technical compliance costs, theseenadso the lowest for the regulation option
of row crops, even if compensation equal to thelle¥ on-farm cost would be assumed.

Both incentive options showed higher budget costsan-farm costs in the modelling results
(see Chapter 7) and are less favourable in terntbeoualitative ranking of the transaction
costs.

Depending on the political power of the involvedni@rs’ groups, an incentive option might
be the only way to reduce the amount of erosioanragricultural region. In such a case, it

was shown that it still is more advantageous tolement a targeted option than the
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untargeted policy. Nevertheless, even the targefgitbn can be rejected for reasons of
equality and fairness, i.e. all farmers should héneeright to claim incentives, which would
lead to the untargeted incentive scheme.

A possible way out of this dilemma is to compendateners within a row crop restriction
scenario for some or all of the losses they faaetdusuch restrictions. This procedure would
not be considered as an incentive, but could ehsepblitical resistance against such
instruments. Again, this option brings up the guesof how the compensation should be
handed out spatially; should it be paid by hectdreligible land, or based on past crop shares
that had to be given up due to this policy? Eveyugih a spatial targetedness is the common
sense solution for such payments, payments to farmee often based on historical data
instead of economic considerations.

Both voluntary and regulatory approaches have dadgas and disadvantages from a
transaction costs perspective. As a result ofstudy, it should be emphasized that regulatory
approaches can have advantages compared to vgiuntantive based instruments. Even
though incentive instruments have been shown inesstndies to be more efficient in
comparison to regulatory policies, the findingstlos chapter had broadened the scope of
appropriate instruments for soil conservation pesic Therefore, a decision between both
options should be based on the consideration oh lmi-farm and transaction costs.
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9 Discussion

9.1 Thetheoretical framework

Based on the analysis of soil as a natural resowitie both private and public good
properties, it was concluded that society is exditto curtail soil degradation processes in
order to ensure a long-term sustainability of seslources.

The economic framework based on Ciriacy-Wantru@ge sminimum standard (Ciriacy-
Wantrup 1963) was applied for the analysis of asila resource, which is characterized by
uncertainty in terms of its replenishment and enosate. Soil use that is limited to a socially
agreed-on standard is more advisable than tryinfjntban economic optimum that might
bear the risk of completely destroying the resoul@abbert 1994), i.e. offering
intergenerational equity without solving the questof how the “optimal” interest rate for the
discounting of future profits is determined. Thestitutional aspects concerning property
rights on soil use were employed as a starting tpafirdiscussion (a given set of property
rights).

A cost-effectiveness analysis based on this framlewa@s proven to be operational in the
way it showed the resulting on-farm costs (oppatyunosts) and budget costs of policy
options. The justification of the policy options svhased on the assumption that the need for
conservation has already been revealed by socidtyei time spent on the issue in a political
process, the political will to formulate relevargulations and the provision of public money
for the management and support of soil conservapigrammes. The soil erosion risk
values derived from a USLE model served as thecsetecriteria for eligible areaspatial
targeting for soil conservation programmes as well as dacisules for command and
control solutions that manage agricultural prasgtice

The selection of analysed instruments (incentivegulation) was based on the consideration
of its applicability within a short time frame aadjiven set of property rights.

In the final chapter, the effects of transactiorstsoare reflected on the soil conservation
programmes.

The economic framework is an appropriate tool far analysis of implementation options of
soil conservation policies based on a given sgiroperty rights and a static analysis of the
decision problem.
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9.2 The bio-economic modelling approach

The combination of the soil erosion risk assessmeradel with a regional linear
programming model provided information regarding@ tgricultural effects, the resulting
economic implications and the soil erosion risk liegb by policy changes. The model can
serve as a decision support tool through the sitimmaf different policy conditions.

The applied soil erosion risk assessment model effastive in describing soil erosion risk
originating from the natural soil conditions anck tbharacteristics of crops and the related
cropping practices, which allowed for a complexlgsia based on different variables.

The USLE based assessment of soil erosion risk wedbwith a digital elevation model
provided information on a basic grid size of 25x@5or identifying sites that are prone to
erosion in an area with short but steep slopes.

The model showed, as expected, higher erosion fatesow crops compared to winter
cereals. Another crucial finding for the developmehsoil conservation policies is that row
crops grown with soil conservation measures suctredsced tillage showed higher erosion
rates than any practice of winter cereals, inclgdirose with the highest erosion risk.

The fuzzy-logic approach facilitated the transfethe risk assessment on crops and cropping
practices, which had not been tested under expetaheonditions, and allowed for the
guantitative comparison of such crops.

The economic regional model based on a linear progring approach reproduced the
agricultural status quo sufficiently. The highlytaiéed description of cropping practices
allowed for a precise economic and ecological assent. The linear programming tool
simulated farmers’ decisions under the conditidnsod conservation policies.

The applied modelling system MODAM (Multiple Objae Decision Support Tool for Agro
Ecosystem Management) was used to generate tharwon-fosts of soil conservation
measures on a regional level (in terms of the dppdy costs of standard production systems
in the region) with an acceptable effort. The ragsgl budget costs (payments) were also
derived from this modelling approach. The model @bk to show the effects from the soil
conservation policies and the general policy chari@@m the conditions of Agenda 2000 to
the CAP2013 reform).

The indicators chosen in this approach were helpfihe analysis of the effects of policy
changes. The basic indicatorotal gross margih and “soil erosion risk levefsprovided
general information of the conditions resultingnfrehe implementation of new policies. The
derived indicator €ost-effectivenessdf soil conservation policies showed clearly which

policy used the least money for the reduction df exmsion in a region, with a distinction of

165



Chapter 9 — Discussion

where these costs occurred i.e. either as on-faras ®wudget costs. The level of detail in the
modelling system allowed for the specific analysfishe resulting crop shares and the spatial
positioning of certain crop rotations.

However, since the model was set up as a singigmnal farm, the flexibility of real farms in
response to different policy changes would be atemated. This must be taken into
consideration when interpreting the results. Furtitee, behavioural aspects such as risk
minimization, social influences within the commuyndf the region and personal preferences
were not taken into account. Such factors can ahémgadoption rate of certain practices.
Overall, the modelling approach can be appliedemsstbn support in soil conservation policy
making. It is not the intention of this study toepent the model results as numbers that
decisions should be based on, but more as a gued&dr policy making i.e. shows possible

regional effects of specific policy instruments.

9.3 Thereevance of transaction costs

The inclusion of transaction costs widens the scofpé¢he analysis for soil conservation
policies. For focussing only on the budget costdidct payments to farmers would cause the
underestimation of the overall costs of a policyarnsaction costs seen as costs of (re)-
defining and implementing property rights can reachsiderable amounts, thus reducing the
overall efficiency of a policy approach. Knowingethossible magnitude of the different types
of transaction costs can help prevent costly patioyices.

However, given the methodological difficulties ofeasuring transaction costs and the
scarcity of transaction cost data for agri-enviremtal policies, the relevance of transaction
costs estimations is not yet at a level where dedumented knowledge could be transferred
and used for the detailed evaluation of policyrinstents. Most studies on transaction costs
of agri-environmental programmes can be seen as staslies. The results of these studies
reflect more the efficiency of the involved govemmial agencies than the efficiency of the
programmes themselves. Furthermore, it is diffi¢altfind an adequate indicator that the
transaction costs are referred to if the compamditypinstruments are diverse (e.g. incentive
based programmes vs. regulations).

In the case of this study, a qualitative analys#s \applied based on the general conclusions
of other studies that had estimated transactiots aafsagri-environmental programmes and
regulations. The findings are seen as a list afi@ents within the discussion of policy related

transaction costs.
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The results of these qualitative considerations ahowed restriction policy as more

advantageous than the incentive options. Nevedhgleshould be kept in mind that the cost
categories were only analysed in a qualitative wsssuming that one category is afflicted

with high costs, this could outweigh the cost dftaé other categories and lead to contrary
results.

In general, more research is needed for the estimaf transaction costs with the focus on

the generalization of the results.

9.4 Appropriateinstrumentsfor soil conservation

Both a bio-economic modelling analysis and a ga@li¢ transaction costs reflection of three
possible soil conservation policies aimed at thmesdevel of erosion reduction within an
example region in North-Eastern Germany were agpliEhe policies were chosen as
examples based on assumptions of different setpraberty rights towards the right to
degrade soils. Soils were defined as a quasi noewable resource.

The analysed policy options were untargeted ingendn reduced tillage practices, targeted
incentive on reduced tillage in areas with a higlmsion risk and targeted legal restriction
on row crops in areas with high erosion risk. Astpoint, a general conclusion on the most
efficient policy is drawn using the arguments oftbbio-economic modelling and transaction
costs analysis.

The modelling examples showed that all three pedigan positively influence the erosion
situation in a region. Given the voluntary natufeéhe incentive based policies, the adoption
of these policies at the expected levels is suligettte attitudes of farmers.

The row crop restriction option, which bans higldsosive crops from sites with a high
erosion risk, was proven to be the most effectiveerms of budget and on-farm costs.
However, in reality the compliance rate will dependthe threat of prosecution and expected
fines for non compliance for such a policy.

The costs of policies in the modelling frameworkreveestricted to on-farm costs and budget
costs representing the sum of payments for certeasures. This restriction in the policy
cost definition underestimates the costs of a lagaroach such as the row crop restriction.

In reality, more costs would arise, which would sigh mostly of transaction costs. It can be
expected that control costs will arise in all thr@gtions, since proper compliance with
restrictions and measures needs to be checked fopteons. Additionally, the measures of a

policy must show a clear effect on the level ofsaa risk.
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Whether a row crop restriction option can be immated successfully depends on factors
such as the political power of the involved stakdaogroups and the notion of equality and
fairness towards affected land users. A compensgismyment for a row crop restriction
policy could reduce the resistance against suchnamd and control policies. Even though
spatially targeted programmes seem to be mordezfticequal treatment of farmers and equal
access to payments are a political price to payther successful implementation of agri-
environmental programmes.
From a transaction costs perspective both voluntang regulatory approaches have
advantages and disadvantages. Based on qualitatuwsiderations, it was found that
regulatory approaches were more advantageous cethpar voluntary incentive based
instruments, which were shown in other studies ¢ontore efficient. However, this result
could easily change if a quantitative approach,cWwhtould estimate the amount of each
transaction cost category, was applied.
The most relevant criteria for a cost effectiveipptesign are

* high effectiveness of the agricultural practice and

* close spatial correlation between programme ardaewsion risk zones.
Incentive programmes related to less effectivecaditiral practices are very likely to show
lower cost-effectiveness compared to a policy thaased on a more effective measure.
The results of this study suggest that the choiceib conservation policies should be based
both on a bio-economic modelling analysis and #fkection of the involved transaction costs
for each specific case of implementation. This wilbvide decision makers with information
on the expected costs and effects for the farmbinvid region and for the governmental

agencies assigned with the implementation and adtration of such policies.
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10 Summary

The aim of the study is to analyse the economicagrctultural aspects of soil conservation
and to propose instrument-measure combinationsffaient soil conservation as a decision
support for the implementation of soil conservatipaolicies. Emphasis is given to the
resource and institutional economics of soil covnston.

Chapter 1 gives an introduction of this study ardkscription of the study region. Chapter 2
demonstrates soil functions, the definitions ofl sdegradation and the need for soil
conservation based on the current soil conditi@@tsapter 3 comprises approaches on soil
conservation from the international to the natideakl and describes how soil conservation
can be implemented.

The theoretical framework for the economic modellmpproach is outlined in Chapter 4.
Based on the theoretical economic analysis of saila natural resource, the existing property
rights, the public good characteristics of soild #me resulting externalities, one is lead to the
conclusion that market failure does exist. Themfar non-market coordination of soil use is
justified. Based on the theory of a “safe minimutanslard”, a cost-effectiveness analysis is
derived to be appropriate for the assessment of ithglementation options of soil
conservation policies.

Chapter 5 describes a fuzzy logic based assessmethbd of soil erosion risk in a sample
region, which is based on an adapted USLE-appro&@hbk. approach considers both the
natural conditions and the characteristics of ttogeing practice. The method provides site-
specific erosion risk values for standard and ddpusropping practices, which are used as
parameters in the bio-economic model.

Chapter 6 outlines the design of the applied bimremic model MODAM. This regional
linear-programming model was successfully adaptadl @pplied to evaluate the economic
and ecological effects of different policy optiomsing the example of an agricultural region
in Northeastern Germany.

Chapter 7 provides the results for a set of scesafihe basic scenarios comprise the policy
conditions of the Agenda 2000 and a CAP-reform agerwith decoupled area payments that
reflect the conditions of 2013. The CAP2013-scenagerves as a comparison for the soil
conservation policy scenarios. The three main s@@nan policy options include both
untargeted and targeted incentives programmesethrced tillage practices and a regulation

scenario that prohibits the cultivation of highlsogive crops (row crops) on erodible soils.
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An optimization scenario that finds a low cost siolu for different levels of soil conservation
for the sample region was also calculated.

The regulation option on row crops generated alnsosilar cost-effective results as the
optimisation option. The incentive options resuliedboth high on-farm and budget costs for
a similar level of erosion reduction. Based onri@lelling result, the row crop restriction is
the preferable policy option in terms of cost-efifeeness.

The preferability of the row crop restriction islated to another important finding of the
modelling: reduced tillage practices, which arenpoted by the incentive options, are less
capable of reducing soil erosion risks in comparitm crop change (e.g. from row crops to
cereals), which can result in a higher reductiotheferosion risk. If this result is transferred
to the design of a policy, the effectiveness obbcy can increase.

Chapter 8 discusses the influence of transacti@miscon the success of soil conservation
programmes. The inclusion of transaction costs msdthe scope of the policy analysis.
Focussing only on the budget costs of direct paysém farmers would underestimate the
overall costs of a policy. Transaction costs seerasts of (re)-defining and implementing
property rights can reach considerable amountsgiwban reduce the overall efficiency of a
policy approach. Knowing the possible magnitudehef different types of transaction costs
helps prevent costly policy choices.

The results from a qualitative analysis of tranisactcosts also supported the row crop
restriction approach. The regulation option for rawps had lower compliance costs than the
incentive options. Both incentive options showeghler budget costs and on-farm costs in the
modelling results and were less favourable in tewhsthe qualitative ranking of the
transaction costs.

Chapter 9 draws some final conclusions on the #tmal framework, the bio-economic
modelling approach, the relevance of transacti@tscand finally, the appropriate instruments
for soil conservation based on the overall resafithis study.

In this study, a model was successfully developederve as a decision support system for
the soil scientific, economic and agricultural agpeof soil conservation policies. Different
policy options were compared so that the most etisttive solution for a soil conservation
policy may be found. Based on the final discussegarding the involved transaction costs,
the regulation approach was shown to be the mosteftective option, with potentially
lower transaction costs. The most relevant critearaa cost effective policy design are high
effectiveness of the agricultural practice and gpatial correlation between the programme

area and the erosion risk zones. Incentive progreenralated to less effective agricultural
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practices show lower cost-effectiveness comparedpolicy that is based on a more effective
measure.

Compared to other studies, the modelling approaséd uhere is more detailed in the
description of the cropping practices, which allowfer the highly specific assessment of
each cropping practice. This in combination witle ttletailed site description (100x100
meter) provided a level of detail, which is rathéh for a regional modelling approach. The
inclusion of transaction costs as a final reflactad the results allowed for a broader analysis

of the policy options.
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11 Zusammenfassung

Ziel dieser Studie ist es, 6konomische und landefraftliche Aspekte des Bodenschutzes zu
analysieren sowie Instrument-MalRnahmen-Kombinatidiie einen effizienten Bodenschutz
als Entscheidungshilfe fur die Umsetzung von Bodeuatz-Politiken vorzuschlagen. Der
Schwerpunkt der Arbeit liegt dabei auf einer ressen- und institutionenékonomischen
Betrachtung. In einem empirischen Teil wird am B&keiner Region in Nordostdeutschland
auf der Basis von Modellrechnungen die Effiziemzeiner Politikoptionen untersucht.
Kapitel 1 enthalt eine Einfihrung zu dieser Studmwvie eine kurze Beschreibung der
ausgewahlten Beispielsregion. Kapitel 2 geht a@f Bunktionen des Bodens ein, liefert
Definitionen der Bodendegradation und unterstredibt Notwendigkeit des Bodenschutzes
auf der Grundlage der aktuellen Bodenzustande. t&la@ umfasst Konzepte fur die
Erhaltung der Boden auf internationaler und natem&bene und beschreibt, auf welche
Weise Bodenschutz implementiert werden kann.

Die theoretischen Grundlagen fir einen 6konomischAeralyseansatz werden in Kapitel 4
beschrieben. Auf der Grundlage einer theoriebasiegbkonomischen Analyse werden Bdden
als naturliche Ressource definiert, die aufgrund destehenden Eigentumsrechte, den
Eigenschaften von Boden als offentlichem Gut sayeie daraus resultierenden Externalitaten
den Schluss zulassen, dass ein Marktversagen b&tdeerung einer nachhaltigen Nutzung
von Boden vorliegt. Eine nicht-marktgestitzte Kooietung der Bodennutzung ist daher
gerechtfertigt. Basierend auf der Theorie des "S4if@mum Standards" wird eine Kosten-
Wirksamkeits-Analyse abgeleitet, die fur die Beimey der Umsetzung von
Bodenschutzpolitiken als geeignet erscheint.

Kapitel 5 beschreibt eine Fuzzy-Logik-basierte Meln zur Bewertung des
Bodenerosionsrisikos in einer Beispielsregion,alieeinem erweiterten Universal-Soil-Loss-
Equation-Ansatz (USLE) basiert. Der Ansatz berlcMsgt sowohl die natirlichen
Standortbedingungen als auch die Eigenschaftenatheiwirtschaftlichen Anbauverfahren.
Eine im Vergleich zu anderen Studien sehr detadid@eschreibung der Anbauverfahren
erlaubt eine spezifische Beurteilung der erosidesemten Effekte. Dieser Ansatz in
Kombination mit dem hohen Detaillierungsgrad fie @tandortbeschreibung bietet eine fur
einen regionalen Ansatz grof3e Genauigkeit. Die wagdte Methode generiert fur das
Erosionsrisiko der konventionellen und angepassd@bauverfahren standortspezifische
Werte, die als technische Parameter in ein biookosches Modell eingehen.

Kapitel 6 beschreibt das Design des in dieser Stadgewendeten biobkonomischen Modells

MODAM (Multi-objective decision support tool for egecosystem management). Dieses
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regionalisierte Lineare Programmierungmodell wurdefolgreich am Beispiel einer
landwirtschaftlichen Region in Nordost-Deutschlasugf die Anforderungen dieser Arbeit
angepasst und fir die Beurteilung der 0konomisched okologischen Auswirkungen
unterschiedlicher Politikoptionen verwendet.

Kapitel 7 stellt die Ergebnisse einer Reihe vonnarien dar. Die Szenarien umfassen die
agrarpolitischen Rahmenbedingungen der Agenda 280@@e ein GAP-Reform-Szenario mit
entkoppelten Zahlungen entsprechend den geplanteim@ungen des Jahres 2013. Dieses
CAP2013-Szenario dient als Referenzszenario fiur &eenarien zu moglichen
Bodenschutzpolitiken. Die drei Hauptszenarien zo Eelitikoptionen sind 1) rdumlich nicht
gerichtete, 2) raumlich gerichtete Anreizprogramfiile Anbauverfahren mit reduzierter
Bodenbearbeitung sowie 3) ein Szenario zu eineloMeung, die den Anbau von hoch
erosiven Nutzpflanzen (Reihenkulturen) auf stasm@dierbaren Boden verbietet. Zusatzlich
wurde ein Optimierungsszenario berechnet, welclaeh mer kostengunstigsten Losung fir
eine schrittweise Anhebung der Erosionsvermeidardgr Beispielsregion sucht.

Ein Verbot von Reihenkulturen generiert ein ahnliatsteneffizientes Ergebnis wie eine
Losung der Optimierungsoption mit vergleichbarenodtonsniveau. Die Anreizprogramme
zu pflugloser Bodenbearbeitung fuhren bei einer glegchbaren Reduzierung der
Bodenerosion sowohl zu héheren betrieblichen Anpagskosten als auch zu hohen
Budgetkosten. Auf der Grundlage der Modellierungsbnisse ist ein Verbot von
Reihenkulturen auf stark erodierbaren Standorteshalb die vorziglichere Option im
Hinblick auf das Kosten-Wirksamkeits-Verhaltnis.

Die Vorzuglichkeit eines Reihenkulturverbots stigith auf ein weiteres, wichtiges Ergebnis
der Modellierung: Die Verfahren mit reduzierter Botbearbeitung, die durch finanzielle
Anreize gefordert werden, kdnnen weniger zur Ve@eming des Bodenerosionsrisikos
beitragen als eine Anderung der Kulturpflanzenahéw@.B. von Reihenkulturen zu
Getreide), welche zu einer starkeren Reduzierurgy Et®sionsrisikos fuhrt. Wenn dieses
Ergebnis auf die Gestaltung der Politik Gbertrageml, kann die Wirksamkeit einer Politik
erhoht werden.

Kapitel 8 behandelt den Einfluss von Transaktiosséo auf den Erfolg von
Bodenschutzprogrammen. Die Einbeziehung von Trdimsakosten erweitert den
Betrachtungsbereich einer Politikanalyse. Wird Begrachtung nur auf die Budgetkosten fur
die Direktzahlungen an die Landwirte konzentrigrerden die Gesamtkosten einer Politik
unterschatzt. Transaktionskosten, verstanden alstelofir die (Wieder-)Festlegung und

Implementierung von Eigentumsrechten, konnen eitleblBetrage erreichen, wodurch die
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Gesamteffizienz eines politischen Ansatzes reduziegrden kann. Die Kenntnis der
moglichen GréflRenordnung der verschiedenen Arten W@msaktionskosten hilft bei der
Vermeidung von kostspieligen politischen Entschegkn.

Die Ergebnisse einer qualitativen Analyse der Talhenskosten der untersuchten
Politikoptionen unterstlitzen ebenfalls den Ansaize® Verbotes von Reihenkulturen.
Basierend auf qualitativen Kostenliberlegungen briig Verordnungsoption (Verbot von
Reihenkulturen) geringere Kosten mit sich als dieidén Anreizprogramme. Beide
Anreizprogramme zeigen hohere Kosten sowohl flrdgétidals auch fir On-farm-Kosten
(Opportunitatskosten) in den Modellierungsergelamssnd sind in Bezug auf das qualitative
Ranking der Transaktionskosten mit mehr Kostenfaktdehaftet.

Kapitel 9 zieht Schlussfolgerungen zu den thearkéia Grundlagen, dem bio-6konomischen
Modellierungsansatz, der Bedeutung der Transakmsten, und schlie3lich, zu den
entsprechenden Instrumenten fiur die Erhaltung desdeBs, basierend auf den
Gesamtergebnissen dieser Studie.

In dieser Studie wurde erfolgreich ein Modell ermtialt, welches als Entscheidungshilfe fur
sowohl 6konomische als auch landwirtschaftliche eks@ des Bodenschutzes dienen kann.
Unterschiedliche politische Optionen wurden im Hiicl auf eine kosteneffiziente Losung
fur eine Bodenschutz-Politik untersucht. Auf deufstlage der abschlieRenden Diskussion
der entstehenden Transaktionskosten erweist sicliRégulierungsansatz zu Reihenkulturen
als die kostengulinstigste Option mit potenziell nglen Transaktionskosten. Die
wichtigsten Kriterien fir ein kostengunstiges Rkdiesign sind eine hohe Effizienz der
landwirtschaftlichen Verfahren und die raumlichert&tation zwischen dem Programmgebiet
und den erosionsgefahrdeten Gebieten. Anreiz-Pmogeim Zusammenhang mit weniger
effektiven landwirtschaftlichen Praktiken weisem aschlechteres Kosten-Nutzen-Verhaltnis
auf als eine Politik, die auf einer wirksamererdhairtschaftlichen MaRnahme beruht.

Der in dieser Studie zur Anwendung gekommene Maalgsansatz weist einen im
Vergleich zu anderen Arbeiten hohen Grad an Deddileit bei der Beschreibung der
landwirtschaftlichen Anbauverfahren auf. Dieser dilgtad erlaubt eine sehr spezifische
Bewertung der Verfahren. Dies in Kombination mit dehr genauen Standortbeschreibung
(100x100 Meter) gewahrleistet eine Genauigkeit Aaralyse, die relativ hoch fir einen
regionalen Modellierungsansatz ist. Die Einbezighwon Transaktionskosten in eine
abschlieende Reflektion der Ergebnisse ermdglahe breitere Analyse der Politik-

optionen.
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