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1 INTRODUCTION

Within: Europe and in the General Agreements on Tariffs and Trade (GATT) negétiations,
Common Agriculural Policies (CAP)hava been criticised because of a series of problems they have
created. Within the GATT talks, issues related to over-production and trade inhibition have played the
major role. In the European debate, the CAP budget development and environmentally detrimental
'CAP implications have provided equally strong impetus for policy change. Farmers' lobby groups are
rather suspicious of any potential policy changes for fear of income losses to the farming community.

This paper investigates the impacts of “extensification” policies that are primarily targeted at
changing environmentally unsustainable production methods which are currently predominant, Focuss- |
'ing.~on a region in South-West Germany, a range of policies are analysed with respect to their implica-
tions on soil erosion, nutrient leaching, pesticide intensity and the biodiversity of agro-ecosystems. An
environmental index of regional agricultural production is established which provides the basis for
policy comparison with respect to environmental sustainability of applied production methods. In order
to investigate the trade-off relationship between environmental sustainability and financial viability of
gi\')en farming stmcmrcs, a regional scoring model further combines the environmental index with an
economic index for each policy scenario.

* The research presented here was undertaken when the author worked with the Department of Agricultural Policies and
Agn cultural Market Analysis,-University of Hohenheim, Germany .



2 BACKGROUND OF THE "EXTENSIFICATION" DEBATE
2.1 CAP and surplus production | |

‘Common .Agﬁcuxtural Policies (CAP) were developed after the Tmizty of Rome was signed in 1957
= by the six founding states of the European Community (EC). The broad objectives were to increase
agncultural productivity, to ensure a fair standard of living for farmers, to stabilise food markets, to
secure the availability of supplies, and to gummea reasonable prices for consumers. The fundamental
pnincipﬁls of CAP have remained the same while the community increased to 12 member states. They
arel
1) aCommon Market,

2) Community Preference, and
3) Common Financing,

Within 30 years, the market-policy dominated framework of price subsidies, import barriers and
export enhancement has created a range of problems. Production well above self-sufficiency in a
number of commodities Is a financial burden on society twofold. First, there are the costs of purchasing
the subsidised prc)c,iimt,si of storing them, of disposing of surpluses on the world markets, and of having
the market control system admiinistered by an extensive bureaucracy, The cost of the CAP have been
escalating and account for the largest section of the EC budget. Second, the Community's consumers
pay higher prices for agricultural products than they would without the system,

Sales of surpluses on international markets at dumping prices distort the mechanism of free trade in
that this action forces world market prices to fall below a free-trade-equilibrium, affecting the export
incomes of traditional exporting nations and a fall in commodity prices for their producers.

Price subsidies provoke structural effects and intra-sectoral distortions within the cbmmunity, as it
is estimated that 20 % producers, who account for 80 % of the production, receive the equivalent share
of subsidies, while the remaining 80 % small properties share 20 % of the payments, Ironically, the
system hampers structural adjustnent at the same time because it keeps small farm businesses profitable
and it indirectly increases land values, affecting land transactions for both purchase and lease.

CAP has responded to the fundamental issue of commodity surpluses by introducing a range of
market-related regulations. They include production quota, 'set-aside’ and ‘extensification’. It can be
said that neither of these programs has solved the problem, The political definition of “extensification”
relates to a program, where farmers can claim direct payments when they agree to reduce their output
of surplus products by at least 20 % for at least 5 years (Commission of the European Communities,
1988).



~ 2.2 Environmental aspects of. agncultural produchon

~ In the processes of intensification and spcciahsaucm of agncuitural pmducuon. which technical |
progress has initiated and CAP have promoted, traditional forms of agricultural Jand use have largely
disappeared in central Eximpe In the 'eultural landscapes' these locally adapted land use systems were
notonly a living embodiment of hxsmry and tradition and an economic resource to the: populatmn. ’L‘hey
were also of crucial imponanu: for other recreationa) and regeneration functions of the Iandscapes and ,
for the floral diversity and associated fauna within the traditional agro-ccosystems (Baldock 1990). ;

' The agricultural revolution in the past four decades has seen a development where agriculture has
become not only the major cause of habitat loss and species extinction. Also, massive inputs of ferti-
lisers and pesticides have caused pollution of ground and surface water, thus imposing increasing
external costs on the densely populated European countries that rely on these major drinking water
sources (de Haen et al, 1991).

Increasing environmental awareness of the societies has resulted in the petition for more c:rwmn-»
mentally sustainable agricultural practices and in some countries there is increasing willingness to
develop and finance regionalised programs where farmers receive income transfers when they stay with
ar re-establish environmentally sound and culturally attractive production practices which remain at an
extensive production level,

2.3 Extensification of agricultural production

Farmers' Iobby groups have been opposing the concepts of extensification, in both the political and
the environmental sense, for fear of income losses as well as for aversion against loss in entrepreneurial
freedom. A quantitative analysis is needed to argue the expected traae-off relationship between envi-
ronmental achievements from extensification and income losses for the farming community,

The term "extensification” will not be used in its CAP-sense but is defined as a reduction of factor
inputs, both fixed and variable, per unit of land under production and the adoption of soil and bio-
diversity conserving and less water polluting landuse practices. This definition is a reversal of the
original sense of the term, which meant the increase of area under production (from lat, extendere} with
the same aim as intensifying. From an environmental viewpoint, extensification is the antonym (0
intensification with the aim of achieving long-term sustainable agricultural production,

A mange of policy measures can be expected to reduce production intensities. In order to provide
quantitative insight into their implications both cnv.ironmen!mlly and farm financially, a hierarchical
model was established and applied for a region in South-West Germany.



3 QUANTIFYING EXTENSIFICATION EFFECTS
a1 Rggi@ﬁ:ﬁ:‘t Analysis for the Kraichgau

Most environmental problems are of a regional rather than a site-specific character, particularly
they relate to non-point source pollution and when bio-physical processes, for example in the case of
nitrate-pollution of groundwater, incur extemal effects. Hence, the extensification issue is investigated
on aregional level. ‘

The stady area is the Kraichgau, an area of 1750 square kilometres in the Rhine Neckar Basin in
South West Germany. Irisa Iamiscmpﬁ famous for its highly productive loess soils in a rolling hill land-
scape. 50 % of the region is under agricultural production, 80 % of which is cropped afier extensive
land consolidation programs in the 1960s. Severe soil erosion and water quality hazards as well as loss
of remaining semi-natural habitats are urgent environmental problems.

Farming struetures in the region are extremely heterogenous. Regarding production specialisation,
cash cropping is the predominant income source of more than half of the farm enterprises, A quarter
- specialises in dairy and beef production, with pig/poultry enterprises, mixed farms and viticulture
enterprises making up the remaining 235 per cent. With respect to the income structure, only one third
~of the fanms are classified as full dme farms, generating more than fifty per cent of the household
income on-farm. They average a farm size of 31.6 hectares. Structural adjustment happens rapidly.
Between 1979 and 1987, the number of farms had declined by 27 %. With a good choice of off-farm
employment available in the region, the proportion of part-time farms to full-time farms has shifted from
1:1 to 2:1 in the same period. The region has seen extensive land consolidation in the 1960s and 70s.
Agriculure in the Kraichgau currently employs 3.4 % of the working population and eams 2.1 % of the
regional gross income.

On the fertile loess soils, production intensity is high with sugar beets, maize and high-protein
wheat being the major crops. Per hectare of agricultural area, 185 kilograms of nitrogen are purchased
annually- an increase of 150 % since the early 1960s. 1If the nitrogen from animal manure is taken into
consideration, there is a total 230 kg N applied per hectare and year. Given the requirements of the
predominant crops concerning pesticide regimes, this land use accounts for a high risk of nitrate
leaching into the groundwater system and soil erosion and pesticide pollution. Erosion levels between
10 and 60 tonnes of top soil per year have been measured in different rotations (Quist 1984; Clemens et
al. 1989). Extensification seems a necessity - but the question remains how the financial viability of
farming and structural adjustment will be affected.




b 3 2 The hmmrehtcal mudzzl coneept
. In order to investigaie environmental and famm financial cszems of & range of policy pptions on the
region and present them in a readily understandable format for all stakeholders, 4 hierarchical modex
was developed. It is outlined in Figure 1,

Figure 1: Hierarchical model approach
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The farming structure of the area is represented in 29 model farms which are derived from cluster
analysis of agricultural census data. The characteristics of each model farm feed into a mixed integer
programming farm model which magimises gross margin and caleulates parameters which characierise
the environmental sustainability of the produetion practices applied. Parameters that determine financial
viabiliry of farming are estimaied separately in a simulation model.



and prcxiuce$ a :cgmnal index of prmiuctmn as the umt:mw basis for palmy compmson; A dctmlcd
descnpuon of the model ¢an be found in- C‘J'»:emer (1993).

33 The concept of environmental indexing ;

- Environmental indax'ihg:fhag become an important means of monitoring the state of the envimnmeut
and at the same time interpreting them with respect 1o a question asked, The approach is of major
: pdlitiéal relevance in the attempt to Include enviranmental consideration into policy making, In Canada,

for example, a Green Plan h:is been proposed, with one aspeet of the Plan being to report the siate of
szada’s environment on a continuing basis, The report has four components: 1) National State of the
Enyironment Reporting and produets, 2) Integrated monitoring, 3) Environmental components of
National Accounts and 4) Environmental indicators (Hirvonen 1992). Environmenial indicators in this
context would be analogous to economic and social indicators, such as employment m&mtm: and the
- consumer price index, used daily by governments and pcahcy makers.
Indices are a.means of representing a comprehensive set of parameters in a single number. They are
" a tool for summarising, and interpreting complex relationships. An index is therefore a way of reducing
large volumes of data provided into a more useable and user-friendly form. As is the case with any
simplification process, information is lost during the procedure of creating the index. With a carefully
designed index however, the data is wilored in such a way that it retains only the essential meaning for
the questions being asked of it (On 1978),

Environmental indices can be an accurate means of continual assesstent of the state of the envi-
ronment and of monitoring changes in environmental conditions, With respect fo agricultural land use,
Meyer et al (1992) emphasise the potential of environmental indices to reliably and aceurately assess the
ecological condition of agro-ecosystems which is critical 1o efforts 1o achieve productive sustainable
agriculture. The development of environmenta) indices is orientated at achieving o precise description
of the (regional) state of soils and water resources, of species development, erosion and food quulity
(Young 1991). Their usefulness is not restricted to provide a useful source of information to policy
makers for decision taking, Through aggregating the results of constant monitoring in the follow-up
stage, essential feedback information on the impact that governmental regulations and pcahmes have an
the environment can be obmmt:d



4 METHOLOG[QAL ASPECTS QF LL\VIRONMENTAL IMEXING
: 4 ‘hmca of lndscators :
. The components of environmiental indices are cnvxronmenm! mdmwns, Environmental indicators

: are measurabte. attributes of the environment which can be memtaved CMeyer et ai 1992), mm, major

. stages to envmanmanmi index formulation can be identified, First, the user group and purpose for the
index need to be defined and stated. Second, following carefully pmpared saleenm criteria, appmgnm
e.nv:mnmenml indicators are chosen, and third, indieators are aggrcga:ed into a mumv:mam index

| where the index provxde:s aceurate informarion to the designated user group(s).

In the choice of indicators three criteria are :mplmd which are, that the mdxcawr s‘lmﬁldfb&mspm»
$i~Ve/sensftive o enviimmnemal stress, that it h&mlﬁvﬁnttﬁ a stated application or goal nnd-i‘hat it should

obe t:asy to monitor, Tha two fundumental steps which follow are, first, the caleulation of subindices

and second, the aggregation of the subindices into the overall index (Ot 1978). While subindices
aggregate the indicators related to different environmental aspects, the overall index provides the final
assessment. The procedure may also be referred to as scoring model.

- 42 Aggregation

Both aggregation stages face the ;*:mblems of establishing an aggregation funcrion and assigning
weights to the variables involved. While subindex functions show a range of functional mlamnsmps»
including simple multipliers or the variable raised to a power, the main index is generally generated in a
summation or a multiplication operation which can incorporate a standardisation formula (Ott, 1978).

The process inevitably leads to simplification and information redugtion and caution in establishing
the aggregation funetions s required to minimise distortion: Assigning weights to the variables in every ,
aggregation stage determines the level of influence that single indicators have on the overall index.
While additive aggregation functions bear a risk of eclipsing (ie. the overall index does not show poor
environmental quality, even though one of the component subindices does), multplying tends to over-
emphasise extreme index values,

Given the value laden nature of weights, the question of how to obtain weights which accurately
reflect the relative influence of the components of an index on the overall index is central to index
formulation. Hape and Parker (1992) used a public opinion poll to assign weighis to the components of

an environmental index. The question remains, whether public knowledge about erucial facts and
‘ relationships is sufficient to rely on this opinion. Expent opinion is another method of weighting
component subindices, however pmblems with consistency, repeatability and subjectivity are possible



; : S f}t ‘Le for whwh an. mvxmnmental index is desxgncd and the scale at which it is applied are of
erucial importanee. Ev«:ry stage in the procedure iy affected, namely the choice of mdrcm.ors and the
way the information is agﬂrﬂgmeci particufarly which relevance is assess::d to single aspects zmd hencaz

~ how the wz:;ghzs are asmgned It is equally imoportant fo mention that nusm:erprcmnmn oceurs if tha

index is not interpreted at the appropriate scale, be it the local, regional, national or global level, W}uia ~

abuse of the results of environmental indexing cannot be excluded, it is inevitable to display and explain

- the scoring process and data limits and to provide interpretations on the appropriate scale and limit

aexﬁfapalatimn‘ The fact that regional und higher scale indicators are derived from collation and synthesis

of detailed data and not measured directly makes them usefu! tools at the policy and program evaluation

level, but sets limits to their applicability at the operational or research level (Hirvonen 1992).

5 AN ENV{RQNMEN’K‘AL INDEX (ENI) OF AGRICULTURAL PRODUCTION
5.1 Concept and choice of indicators
The aim of the analysis outlined in the introductory chapters is one of policy analysis at a regional
levei, which has been shown to be a major field of application of environmental indices, However,
unlke the cases stated as examples, no experimental or observation data are available as indicators,
Instead, the results provided from runs of the programming model of regional agricultural production
(Figure 1) offer a variety of environmental parameters which characterise regional production practices
and respond well to changes in the policy framework of agriculwure. |
In order to develop a regional environmental index of agricultural production, the following steps
were undertaken. The environmentally most relevant parameters were chosen as variables and hence
hasis for a regional scoring model of agricultural production. They were aggregated and standardised
against what was defined "environmentally sustainable” which resulted in a number of sub-indices.
These were subsequently aggmgawd to an environmental index as measure of the sustainability of
agricultural production.



thc geneml Iand use mtcmity are the pcmént({gﬁs Qf’ croppmg and pasmm land. For cropping, the
‘percentages of erosion enhannmg crops: (e, wgarbéeu maize and sunflower), cereal crops, legumes, and
fallow on cropping area. With rcspcct to soil erosion the soil cover dunng aummn, winter and spring.
'Femhsanon is captumd in the appl lication 0(‘ nitrogen, phos;)horus and porassium per hectare and zhé
: nmmnt balance for these macro-elements, Pesnwdc apphcmwn is mcasured in d«marm per hectare and .
the average number of pcsnmde applications per hectare. The mtenslty of husbandry pmducncn is
e reflected in the term DE/hectare. DE stands for "Dungeinheiten”, which is a similar measure to DSE
~ (dry sheep equivalent), based on 500 kg Iiveweighi,

5.2 Aggregation of sub-indices

Four sub-indices, which are referred to as partial indices (P1) in thi: following expmnanons, reflect
major aspects of the status of environmental sustainabitity of ﬂgmcutmmi producmon ’I'txcy deal with
the relevant environmental problems in the area which relate to soil erosion, nirrate Jeaching, pesticide
contamination and decline in the bio-diversity of agro-ecosystems.

 Partial Index 1 (PL_1) deals with soil erosion control, The results of the programming model
applied at model-farm level record soil cover in autumn, winter and spring (SCyywe) under the paddock
rotations applied, and the percentage of erosion-enhancing crops (EEC) grown in summer. They do not
directly estimate tillage intensity and hence no full estimate of the C-factor within the Universal Soil
Loss Equation (USLE) (Wishmeler 1978) is possible. The highest danger of soil erosion is given for
bare soil during the high-rainfall early summer months and is associated with the growing of erosion
enhancing crops (Schwertman et al. 1987). The following formula determines PI_1:

PLI = 12 (SCyye + (1-EEQ).

In doing so, it standardises the value of the index to the range zero to one, with one representing
environmentally susminable or "extensive” production and values towards zero reflecting environmen-
tally detrimental production practices. This condition applies to all partial indices:

0 = P& = 1.

Given the nature of cropping, only pasture can provide total soil cover and protection from soil
erosion and hence only pastoral farms can receive a value of PI1=1.

The second partial index (PI_2) deals with the general production intensity whicht is of relevance
for the bio-diversity within agro-gcosystems. This is a landscape-specific factor which is determined by



: e “‘cmgpmg and for the

ity and relief of the rugmn, Nitrogen s an inpm fncm: for both pastcsml land use and
“,chgau an application inensity of nitrogen (Nwd p to 80 kg Nthar ba-t ean
be tolerated for susuunabk: pmdummx (Liinzer et af 193‘3) ﬁ:mhsatwn above this threshold sacrifices
: susmmabxlxty The standardisation formula then becomes
PL2 = 18,.0;/ N;o'; for all Nigt > 80ng‘*m*1*ai and
PL2 1 for all Nygy < 80 kg N#harlxa-l,

1} » natural ferti

#

~ Nitrogen also plays the key role in groundwater pollution from agricultural production because it
-~ easily leaches through the soil profile i the form of nitrate (NO3"). The potential for nitrate leaching is
a function of the nitrogen balance rather than the absolute amount of fertilisation upplied. Given the
 climatically and geologieal and soil conditians in the Kraichgau, a nitrogen balance surplus (N4) of
23 kg N*ha~1*a-1 can be tolerated. Given the conditions of 200 mm .ﬁnnudl recharge, constant organic
soil matter and no nitrate reduction in the groundwater, the threshold of 50 mg nitrate per litre of water,
which is the legal contamination threshold for drinking water quality, will not be exceeded (Wemer
1989). The standardisation formula for PI_3 which represents the potential threat for water quality is
PL3 = 23/N, forall Ny > 23 kg N¥ha-I*a-l; and
PL3 = 1 forall Ny < 23 kg Néha-leg-l,

It is difficult to capture the intensity of pesticide regimes. The monetary term is limited because
modern systemic and highly specific chemicals are more expensive than general formulae. A change in
the legal framework (e.g. prohibition of atrazin) may increase the costs of plant control while decreasing
the potential dangers associated with it, The intensity of pesticide regimes may also be measured as
pesticide applications per hectare and year (PA). Again, it does not account for the potential threat of
each application but it is easy to record. With a maximum of six applications found in sugar beet and
canola growing, the standardisation formula for PL_4 is

PI4 t - (PA/6).

This means, that any pesticide application is considered environmentally unsound. Only farms with

i

alternative production methods or pastoral properties can be expected to operate environmentally
sustainable in this respect,
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- of ind;xcmly the cnvfmnmenml s:gmf‘»—
ed by n, mmiczl firms in the- region. They mlmc w
cropping versus ;pnsmrc, paddock rotations, I;lfldg& practices, f'"c:rulising and pcsxmxda rcglmc\,

cance of agncultuml producm;m mmhc&da as upp_

< 5,3 Aggregating the sub-indices to an mmmnmental index (ENI)

After choosing Lhe wmablés for the scoring miodel and aggxegating and smndardising them into
gar.n,al indices, the partial indices must be aggregated into the mv;mumcmzu index. This involves the
issue of weighting them in the apgregation procedure. All four indices represent important environmen- '

ol aspccts of agmuimrai prc)dummn. They are ;mmmy interdependent. For e.x.xmpk increased soil
- “gover not only reduces the potential threat of soil erosion, it also & means of reducing potential nitrate

: leachmg; Ora h:gh percentage of sugar beets decreases environmental snsmmabx ity of production not
'ﬁn}y in terms of increased potential erosion but also as 4 crop that demands i intensive chemical care,
Consequently it is decided to equally weight the four partal indices into the environmental index (ENT)
of agricultural production. '

ENI = 14 (PI_L + PL2 + PL3 + PL4)

with

0 < ENI = 1

where 1" represents sustinable extens  land use and decrcamng values reveal environmental
hazards of the production methods applied.

By displaying not only the value for ENI but also its composition of the four partial indices, an
“environmental sustainability profile” of agriculural production in obtained which shows the signifi-
cance of each aspect considered in the value of the ENL The procedure of obtaining ENI is displayed
in the left hand side of Figure 2, which reveals that this index is only part of a larger-scale scoring
model.




Figure 2: Scoring model of regional agricultural production
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6 ECONOMIC INDEX (ECI) OF A

6.1 Concept of the Economic Index

Equivalent 1o the Environmental Index, an Economic Index (ECT) is created to judge the efficiency
of eurrent agricultural production structures. Jts variables consist of the outcomes of the farm-financial

simulation model which are profit from farming (P), available household income (HI) and the house-

hold's investment capacity (IC).

Again, the values are standardised. This is achieved by dividing them by the highest value found
amongst the model farms. Hence, the economic index is displaying the relative viability of farming
structures given the currently prevailing price conditions and legal framework relevant for agricultural

production. The three partial indices are
P I,_ﬁ = F/P maxs

PIL6 = HUHlgy
PL7 - ICNCmax-

GRICULTURAL PRODUCTION




B |

( 2 Det‘ ining we:ghts for the aggre;,mmn prox,ess , S
: Thcu' dxffemnt mlevanc@ for thc continuation of a f‘annmg emerpnse has to be reﬁeczcd in lhch
wmghtmg factors in the aggregation towards dan ECL Wexghtmg is an mmnsmally sub;ecnve act,
howe.ver tha Saaty«-pmcedﬁrc can help to mxmrmse the error, ,
Fxrsc, nnomies betwean the three variables are csmbhshad thmugh pmrwxse compansun using: a

‘ ”mamx Tha mnmx offers a fmme,wmk for testmb consistency, for testing all posmbie comp:mmns and

for csmbhbhmg the sensitivity af the overall pmantxcs to changes in judgement. 'nm varxables m-c‘
amngad in a matrix as set out in Tabln L To fill out the matrix, the qucmons asked are for @Xﬂmple’
How much more important for the continuation of a f‘mnm& enterprise is the available i mcome. of the
farming hQusehpld in comparison 1o the profit made in the fnrmmg enterprise? On a scale of 109,
where "1" stands for parity and "9" represents cotmplete damiriance;, the greater impo}tmwe of IC may
‘be expressed in a "4" in the cross section of the two variables above the diagonal ‘and the comresponding
"1/4" in the field below. Available household income is considered the key measure for financial
| ‘sus;tainabixi’rjy of a farming enterprise. The estimation of the investment potential of the household has 1o ;
be t:msidemd rather vague, as its estimation includes only an estimate for household consumption,
which can be determined securely on a single-farm basis. Profit from farming is an important factor,
because only enterprises yielding profit are ‘Ii‘ke:iy to receive both replacement and new investment,

_Table 1: Basic Saaty matrix

B i AP Ic
available household income (Al | 1 4 | 5
profit from farming (P) 174 1 3
_ investmemr:apaciry” (IC): 1/5 - 1/3 1
- Z‘,vemc.ﬂ , | 1 A5 533 N 9

Next, the matrix (Table 2)is normahsed by dmdmg each value assessed by the vertical sum of each
column. The values in the first three columns of the following matrix evolve.

___Table 2 : Standardised Saaty matrix and weighting factors

8 Al p P _ horiz, weight

1A 0.69 0.75 0.56 199 0.67

p 0.17 0.19 0.33 0.69 0.23
_Ic o014 006 o 031 0.10
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‘The row sums divided by the number of columns (3) determine the relative priority of cach variable
- which Becomc:s the weighting factor in the aggregation for the economic index so that we obtain the
following weighting formula: ~
ECI =  023%PL5 + 0.67*PL6 + 0.10*PL7
with ‘ ‘
0 < ECt < 1.

6.3 Integrating of the environmental and the economic indices into a regional index (RI) of
agriculfural production

The scoring model can be taken one step further by aggregating the economic and the environmen-
tal *in,diccs. of agricultural production into a regional index of sustainability of agricultural production.
Agan, weighting is the crucial factor in creating this regional scoring value, The whole scoring model
is presented in Figure 2,

This last step of aggregation agajh bears the vital question of weighting the two variables,
Weighting in this instance clearly requires a political decision. It depends on whether priority is set on
creating the framework for an environmentally more sustainable agricultural land use or whether the
political power of the farming community and sympathising sectors ourweighs environmental concerns.
As this question cannot be answered within this analysis, the weights in this final aggregation step ~ve
sensitivity-tested. Instead of one index per policy an index-band is obtained and displayed which shuws
the relative superiority of the tested policy conditions given different priorities.

7 SELECTED RESULTS
7.1 Policy Scenarios ,

Amongst the policies under consideration for generating extensification of agricultural production
are the reduction of price subsidy levels, imposing a levy on polentially environmentally hazardous
inputs, and enforcing a compulsory set aside program.

Amongst the farming lobbyists, price reductions are the least favoured policy. It can be expected to
create an extensification effect by reducing the marginal income per unit of factor input and conse-
quently creating a lower optimal level of variable inputs. A significant tax on nitrogen as the key input
factor in terms of production intensity will increase the marginal costs of production, again leading to a

decrease in optimal factor input. Imposing a compulsory set aside program involving 25 per cent of the



cropping area of a farm whilst compensating farmers with a close-to-average-gross-margin premium
reduces the production intensity on these areas to zero with no economic effect on the production

intensity on the remaining 75 % of cropping land.

7.2 Environmental Sustainability Profiles on the Farm Level
On the farmilevel, MIP results and environmental and econonsic indices are generated for 29 model
 farms. Farms of different specialisation are subsequently looked at with respect of the »cmcnsifiéaﬁmn
effects of the policy scenarios as reflected in the -envimnmﬁmm sustainability profiles {(ESP).

Figure3: Environmental Sustainability Profiles of selected model farms in the reference
situation '
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Figure 3 compares the environmental indices of the fanms in the reference situation. The highest
ENI score is 0,68 for a cropping farm with major off-farm income. A moderate applicaﬁm fintehsity t)ff |
agro-chemicals results in nitrogen balance that raises no environmental concern, There is scope for

: nnprovmg erosion control through increased soil cover. The ENJ 0,63 which is achieved by the muccd
farm, ~cIosc1y‘ followed by the cropping farm (0.58). Both faxms show hrgh values in the partial indices
for soil cover and nitrogen balance, However, their total productmn intensity and pesticide regime are
of environmental concern, The ESP of the cattle farm displays problems with the nitrogen balance ona
high application level at a value of 0.49. Of extreme environmental :cmnccm are the production
practices of the piggery. At a value of 0,33, the only positive aspect is a high degree of soil erosion
protection. &imgen application from manure is very high, accompanied by a potentially disastrous
nitrogen balance and an intensive pesticide regime to ensure a yield from the crops.

‘Figure 4 shows the implications of above pelicy scenarios on the environmental sustainability |
profiles of a full-time cropping farm. Price reductions achieve a conceivable extensification effect with
ENI increased from 0.57 to 0.65. This improvement is based mainly on a reduction pf pesti¢c’n
- application. The reason lies in the voluntary adoption of the set-aside program on a third of the
- cropping area at the expense of growing winter cereals. Even though the production intensity on the
remaining area remaing the same. A levy on nitrogen-purchases achigves an improvement of ENT of
+).17. Agaiia, the pesticide intensity drops significanily and also nitrogen application drops to half the
initial level, This policy achieves a reduction of production intensities over the whole cropping area
without attracting a participation in set-aside. Legumes are incorporated into the cropping mix.

Compulsory set aside shows the same effect us its voluntary adoption in the price-cut-scenario.

The cattle enterprise and mixed farm react in a similar fashion to the policies, Price reduction
favour voluntary set-aside, a levy on nitrogen reduces nitrogen purchases and lowers pesticide intensity.
Soil erosion control remains unaffected. The environmentally detrimental land use practices of the
piggery remain unaffected by any of the policies, Masses of pesticides are needed for phytosanitary
reasons in over-ferilised crops. The massive nitrogen balance surplus is an exweme hazard for
,gréundwatcr qimmy, The problem of disposing of the waste product "manure” on a small area is
exacerbated by the compulsory set-aside scenario, where the manure is dumped on an even smalier arca
which sends nitrogen-balance-surpluses sky-rocketing. It is obvious, that different policies are needed
to address the environmental dangers associated with intensive livestock production.
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Figured: Envirenmental Sustainability Profiles of a full-time cropping farm under different
policy scenarios , B
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7.3 Extensification Effects on the Regional Level

Through aggregation of the farm-level results, environmental sustainability profifes can be obtained
on the regional scale. The environmental index values in the policy scenarios are summarised in
Table 3. Besides to overall regional figure, a distinction between households with predominant income
from farming versus households with predominant off-farm income has been made. The calculations
show that the futter would favour sustainable pmdumimn under the price reduction condidons. This is
explained through o large-scale adoption of the set-aside program which offers farms with below-



'favcmgi:‘ productivity & hi‘g’fﬂy attractive premium for not-producing, The: an}y policy achieving 4 *’tru'e‘*"
exrcnsu“cancm effect. xs the levy on nu;mgcn pumha;ms, where the actu:ﬂ producuon mtcmsxty i crop
producuon is ngmﬁcamly rmduecda ‘

Tnbl‘ 3: The re;._,mnm (.nwr(mmu 1l in

‘be pohcyswna )

Tomi‘ 4 ,: i*uibtxme farms f;lmaffmns 9

_ Region |

Reference | 06 | 060 06
Price reductions | 080 078 0.88
Levy on nitrogen i 0.82 0.82 0.83

_ Compulsorysetaside | 073 | 072 075

If we take these results one step further and aggregate the environmental index with the econotmic
 index caleulated for the scenarios, we receive & total regional scoring value (RI) which will reflect the
wade-off between extensification of production and financial viability of farming according to the

o weight assigned to ENI and ECI. Figure 5 shows, liawever, that within a range bewween 1:2 and 2:1 of
, .as,‘sessmg,rélaﬁye importance to financial aspects of exiensification aspects, a levy on nitrogen stll

 remains the most favourable policy under investigation.

This regional index as are the environmental and the economic indices are mgiab»speciﬁe
constructions and should not be exirapolated to other arens of different climatic, geological and
structural conditons. Also, it has to be emphasised once more that the evaluation of these policies is
restricted to an environmental-economic sustainability space. If other aspects of policy implications
such as production quantities were to be incorporated, the approach would need to be extended by this
dimension. ‘



 Figure 5t The Regional Tndex of Agricultural Produetion
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i mbjc, agnculmmlpMumn ymubﬁh&
The stratification applied is designed 10 addms& the specific need of the twmd:mcnsiona! ﬁppmach
5, ‘Thc: regional environmental index of agricultural production pmwdus‘, the basis for cs:’mpamng zpuhc.:;y
qu,ti,gns«With‘:fm'Sp?ié;j to a range of ecologically relevant aspects, while the economic index of agn::ul '
tural production assesses the economic implications for the regional farming community. Both aspects
are combined into a regional index which has to be seen as 2 tool to investigate and evaluate the trade-
 off between environmental friendliness and economie persistence of the production structures and land
- use: pracmes of the specific region undgr investigation.

The results of the scoring model indicate that there are basically two policies availuble that show
:sigmﬁcamt(emnsxﬁnanm effects, these are (1) significant reduction in price subsidies, and (2) imposing
a levy on the purchase of nitrogen fertilisers. Price cuts result in very high income losses despite the
fact, that a volunary set-aside program with a high per-hectare-premium s available. Production
'mtensuy on the remaining area remains unchanged. A nitrogen-tax achieves an extensive reduction in
pm:duauon intensity over the whole cropping area. The results also indicate, that the enmronmenml
hazards associated with high-intensity husbandry cannot be addressed by any of the policies under
investigation.

Recent years have already seen & significant reduction in price subsidy levels for EC-financial
~ reasons. Particularly in Germany, the resulting negative income effects for the farming community have,
been (partially) off-balanced by an increase in programs, where farmers can voluntarily join ecologically
motivated initiatives at a local and regional level and are paid to do “"landscape gardening”.  Other
policy schemes offer financial aid for structural adjustment eg, in case of early retirement, Accordin gro
the model results presented, this policy development can be expeeted to enhance environmentally
sustainable agricultural production practices on 4 broad acre seale while a change in legal conditions

will be necessary 1o address the environmental problems associated with intensive animal production.
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