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Résumé — D'une région a l'autre, les niveaux de productivité de la terre, les be-
soins en moyens et techniques de production, ainsi que les colts a produire diffe-
rent, ils sont fonction des caractéristiques topographiques, climatiques, environne-
mentales, agronomiques et structurelles de la région et conduisent a des formes
d'utilisation de la rterre trés variées. En outre, l'utilisation des terres offre des
exemples évidents d’externalités environnementales et de nouveaux indicateurs
couvrant une large diversicé d’aceribues ec d'actifs environnementaux ont dd étre
€laborés afin de répondre a la demande des responsables régionaux de développe-
ment rural. Un modele spatial de programmation linéaire est présenté dans cet ar-
ticle. 11 porte sur deux régions des Alpes suisses et permet d'analyser les effets de
différentes options de paiements direces sur Lutilisation de sols, notamment leurs
conséquences sur le nombre de sols mis en jachere, selon leur situation topogra-
phique. L'érude démontre également que lefficacité écologique peut étre améliorée
si les aspects régionaux et spatiaux sont pris en compte lors de I'élaboration des
nouvelles mesures de politique agricole, et ce 2 un moindre cofit pour le contri-
buable. Il apparait enfin que la suppression des paiements directs actuels, qui vi-
sent au maintien du revenu agricole, pourrait écre a origine d’un effondrement de
I'agriculture dans les régions des Alpes suisses.

Summary — Differences in land productivity. input and technology requirements and pro-
duction costs are functions of topographic, climatic, environmental, agronomic and infra-
strictiral chavacteristics which lead to considerable variations in land-use intensity. Land-
use also offers ohviens examples of spatial enviranmental externalities, Policy-makers
concerned with regional rural development face an increasing need for indicators which en-
compass a wide diversity of attributes and environmental assets in a spatial setting. In this
paper. a spatial sectoral linear programming model is described and implemented for 1o
Swiss Alpine regions. The effects of different policy assumptions for land-use payments are
mnvestigated. Special reference is made to the effects of varying types of divect payments on the
amount of fallow land in vavious topographic sitwations. It can be shown that aological
effectiveness can be improved, at lower costs for the taxpayer. by giving due consideration to
regional and spatial aspects when designing agricultural policy measwres, At the same time,
the results show that the elimination of the actual income-supporting divect payments (the so-
called base payments) may cause a collapse of agriculture in Swiss mountain regions,
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OLICY-MAKERS and stakeholders concerned with regional rural

land-use and development find themsetves facing an ever-increa-
sing need for instruments that can improve transparency in the policy
debate and enhance understanding of opportunities and limitations for
development (Bouman ez 2/., 1999). The complexity of land-use requires
different approaches which combine the experience and merhodological
approaches of various disciplines. Differenc disciplinary contributions
can be integrated with the help of multi-criteria analysis (MCA). MCA
has evolved from being a mechanism for the selection of the best alrer-
native from a set of competing options to become a range of decision aid
techniques (Beinat and Nijkamp, 1998). A aumber of land-use models
have been developed in the last decade based on a combination of me-
thods of system analysis and multi-criteria or multi-objective decision
models, respectively. The scenario-based programming approach 1s one
method which is frequently applied. De Wit er «/. (1988), for example,
emplay muluple goal programming for regional analysis and planning
of regional agriculcural development. This methodology permirs scena-
rios to be drawn up, whereby biophysical, technical and economic infor-
mation on potential or improved land-use strategies is combined with
various objectives derived from different policy views. A common cha-
racteristic of such models is that they aim at che quantification of bio-
physical and economic trade-offs. Kruseman and Bade (1998), for ins-
tance, propose a bio-economic modelling framework for the assessment
of the effectiveness of different agrarian policies to improve farm house-
hold income and soil fertility based on the functional combination of (1)
an agricultural household model; (2) a multiple poal linear program-
ming model; and (3) a partial equilibrium model. Cesaro (1993) uses a
Weighted Goal Programming Model for the simulation of the conse-
quences of alcernarive scenarios of CAP reform 1n a mountain area in
north-eastern Iraly on land-use patterns and the economic performance
of the agriculrural sector. Ridgley and Heil (1998) design buffer zones
around prorected areas {Mexico's Izta-Popo Narional Park) under diffe-
rent scenarios combining Lexicographic Goal Programming and Geogra-
phic Information System (GIS). Tiwari ef al. (1999) apply Compromise
Programming to determine trade-offs between ecological and economic
poals in an irrigation project in the Northern Planes of Thailand. A GIS
was used to integrate spatial aspects in the analysis. Bouman e al.
(1999) and Zander and Kiichele (1999) combine technical coefficient ge-
nerators, a linear programming (LP) model and a GIS to quantify crade-
offs among socio-economic, agronomic and environmental indicators ac
field level. The widespread use of GIS illuscrates che face thac nowadays
spatial aspects reccive a considerable amount of attention in regional
land-use planning.

Land-use also offers obvious examples of spatial environmental exrer-
nalities, which in many cases may be biased in favour of specific envi-
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ronmentally non-benign activities (Beinat and Nijkamp, 1998). The ne-
gative effects of land exploitation are manifested in soil erosion, loss of
habitats, increased vulnerability of soils and loss of natural amenities.
On the other hand, appropriate land-use activities prevent the emer-
gence of these negative externalities. There is no uni-dimensional deno-
minator which can be used to assess and evaluate land-use changes and
policies. There are many complex linkages between the economy, the so-
cial sphere and the environment in which land-use and space act as ve-
hicles for transmitting externalities. Consequently, there is a need for a
clear formulation of indicators encompassing a wide diversity of attri-
butes and environmental assets in a spatial setting. This 1s particularly
true when there is a wide degree of divergence between topographic, cli-
matic, environmental, agronomic and infrastructural characteristics. To a
large extent, differences in land productivity, input and technology re-
quirements and production costs are functions of these characteristics
and lead to considerable variations in land-use intensity: production sites
with good access and high productivity are often exploited in an ecolo-
gically unsustainable way, in the sense that, for instance, an excessive
amount of fertiliser is applied. In contrast, remote areas with high trans-
portation costs, areas with difficult access for machines or low producti-
vity may lay fallow.

These types of spatial aspects are particularly pronounced in moun-
tain regions where, for example, fallow land may generate negative ex-
ternal effects. Poncet (1971) reports that landslides are more likely to
occur on mountain slopes where farming activities have been abandoned.
Aulitzky (1974) identifies unmown slopes as catalysts for the start of
avalanches, because the slip factor of unmown grass is much higher than
that of grazed or mown slopes. Furthermore, abandonment induces turf-
erosion as a result of creeping late winter snow frozen to overlong grass
(Korner, 1999). The loss of species diversity which is to be expected
when the cultivation of grassland is abandoned represents yet another
negative external effect. Korner (2000) points out that, if correctly
managed, agricultural land use near the tree-line contributes to biologi-
cal richness of plants. Furthermore, Kérner (1999) expects that in the
future, it will probably be impossible to reverse post-abandonment
shrub and tree invasions, hence resulting in a finite loss of species
diversity.

According to Nijkamp and Vreeker (2000), chere is a perceptible rise
in interest in policy-relevant regional land-use and development analysis
due to several factors: (1) a region is a properly demarcated area with
some degree of homogeneity which allows for a more operational empi-
rical investigation; (2) a region is usually also subject to properly regu-
lated administrative competence and control, thus there is more scope
for a relevant policy analysis; (3) and finally, the statistical data base at
a regional level is often more appropriate for monitoring, analysing and
modelling the economy and ecology of an area.



ALTERNATIVE DIRECT PAYMENT REGIMES

In this paper, a land-use model is described for two Swiss Alpine re-
gions. It gives due consideration to the type of spatial and regional as-
pects described above. The purpose and structure of this sectoral linear
programming model are described in the following section. The effects
of different policy assumptions for direct payments are investigated in
the results section. Special reference is made to the effects of different
types of direct payments on the amount of fallow land in various topo-
graphic situations. Conclusions are drawn in the last section. One im-
portant result of the model calculations is that the ecological effective-
ness (reduction of fallow land on steep slopes) can be improved by
giving due consideration to regional and spatial aspects when designing
agricultural policy measures with, at the same time, lower costs for the
tax payer. At the same time, the results show that the elimination of the
actual income-supporting direct payments (the so-called base payments)
could well cause the collapse of agriculture in Swiss mountain regions.

PURPOSE AND DESCRIPTION OF THE MODEL
AND THE DATABASE

The model described in this section is developed within the scope of
the multidisciplinary research programme PRIMALP — Sustainable
primary production in the Alpine region’ at ETH Zurich (see wiww.pri-
malp.ethz.ch). Production methods and policy concepts for sustainable
land-use in agriculture and forestry in the Swiss Alpine region are deve-
loped via an association of engineering with natural sciences, social
sciences and humanities (Gotsch et @/., 2000). A synthesis of the results
is structured, formalised and communicated with the aid of a spatial li-
near programming model. The individual projects of the overall pro-
gramme provide important contributions to the model. Model resules
and policy recommendations are communicated to the policy decision-
makers.

The linear programming model is a sectoral model (see Figure 1) the
objective of which is to maximise the sectoral revenue of agriculture in
the overall Swiss Alpine region. This is achieved by the optimal alloca-
tion of scarce production factors among farm types in different sub-re-
gions, giving due consideration to the restrictions of each level of aggre-
gation (farm, sub-region, overall Swiss Alpine region). This means that
the overall sectoral structure is optimised simultaneously in a way which
resules in a maximum payment of production factors according to the
criterion of comparative cost advantage.

9
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Figure 1. Overview of the structure and components of the linear programming model
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RHS: Right hand side.
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Table 1. Selected indicators included in the model at different levels of aggregation

Sub-regions are defined to conform with the legislation governing re-
gional investment aid. Each sub-region belongs to one of six possible
types of region which are defined on the basis of regional economic
structure — contribution of the three sectors to overall sectoral income,
commuter balance and according to their economic power (see Bitzing e
al., 1995). Within each sub-region, five farm types compete for the land
available. Grassland is used for different types of cattle (dairy or nursing
cows, beef or calf production, cattle rearing) and sheep. Various cropping
activities are possible (maize, barley, potatoes, wheat). Full-time and
part-time farms are included with two different types of barn each. Land
can be used at ewo different levels of intensity.

In addition, the model includes indicators for the ecological, social
and economic dimensions of sustainability and can therefore serve as a
methodological device for the analysis and development of systems and
concepts of sustainable agriculture in mountainous regions. According
to Nijkamp and Vreeker (2000), the relevance of the same indicator va-
ries at differenc spatial scales. Therefore, these indicators must be inclu-
ded at the relevant level of aggregation. Table 1 presents those indicators
for the three sustainability dimensions and levels of aggregation which
are discussed in this article. Each of these indicators is integrated in one
of the structural components of the linear programming model — objec-
tive function, activities and restrictions.

Level of aggregation

Number of farms

Sectoral revenue

for landscape cultivation

Farm Sub-region Overall Swiss Alpine region
Agriculcural land cultivated X X
Number of livestock units per hectare
of agriculeural land cultivated X X B )
X X
Number of standard labour units X x -
X X
Amount of direct payments granted
X X

Further indicators are included in the model but not discussed here
(for instance nutrient balances for nitrogen and phosphorus, the amount
of organic and mineral fertiliser applied, greenhouse gas emissions (CO,,
CH,) for the ecological dimension of sustainability, or farm revenue per
worker for the social dimension of sustainability). The consideration of
further indicators which may be of interest from a scientific and policy

11
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point of view is restricted. Only those indicators can be included that
are available on a per-hectare scale for the entire Swiss Alpine area. The
number of indicators included in the model is further restricted by the
fact that a growing number of indicators complicates the interpretation
of the results due to an increasing number of trade-offs among indicators
to be considered.

The model includes the following spatial information from different
geographic information systems and statistical databases:

¢ Agricultural land and forest land available in each sub-region sub-
divided into six altitude levels (<600 m, 600-1800 m in steps of
300 m, >1800 m above sea level) and four categories of slope (<16%,
16-32%, 32-51%, >51%) in a per-hectare grid (Bundesamt fiir Statis-
tik, 1999).

* Distance of each hectare to the next road (Bundesamt fiir Landes-
topographie, 1999).

* Physical yields for each hectare and for different land-use activities
(grassland, hay, silage, pasture) based on digital information of the cul-
tivation suitability map (Bundesamt fiir Statistik, 1999) and on expert
judgement obtained within the scope of specific sub-projects.

Input requirements (labour, mechanisation, fertiliser) are a function
of land-use activity (grassland, hay, silage, pasture, crop production) and
topographic situation (altitude, slope).

According to Day (1963), aggregation errors arise when aggregate
economic variables, such as aggregate output supply or aggregate inpuc
demand, are studied without explicit reference to individual decision-
making units. This author investigates the question of the degree of si-
milarity which must exist between the component firm of a regional or
typical firm aggregate in order to represent the aggregate of the indivi-
dual decision problems without distortion. He identifies the conditions
that must be fulfilled to prevent an aggregation error:

1. Technological homogeneity: proportional variation in the
constraint matrix (which includes fixed, quasi-fixed, behavioural and po-
licy bounds) of the individual firms that are represented by the aggre-
gate;

2. Pecuniary proportionality: proportional variations in net return
expectations of the individual firms that are represented by the aggre-
gate;

3. Institutional proportionality: proportional variation of the re-
source endowment of the individual firms that are represented by the

aggregate.

To minimise aggregation bias, Taylor and Howitt (1993) recom-
mend, on the one hand, that as much regional detail should be incorpo-

12
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rated into the model and associated analysis as time, resources and data
allow. On the other hand, they advise against too much complexity
which is detrimental to model complexity and increases the risk of mo-
delling errors.

According to Day (1963), a “tolerable degree” of distortion of these
restrictive conditions is acceptable for empirical purposes. The model
structure described above attempts to reduce the risk of aggregation
error in the following manner: pecuniary and institutional proportiona-
lity is approximated by including small sub-regions (see Table 2) with
comparably homogenous economic and institutional environments. The
distinction of production activities and model coefficients according to
the topographic reality of sub-regions reduces the aggregation error by
defining characteristic farms in “spatial categories” as described by Nor-
ton and Schiefer (1980, p. 249). The aggregation error is further redu-
ced by distinguishing “farm size categories (labour-land-ratio grouping)”
on the sub-regional level as suggested by the same authors.

The model is programmed in AMPL (Fouter ¢ al., 1993), an index-
based programming language. With the help of this software, the basic
scructure of the database (indices and sets) is defined and the LP matrix
is generated. The database is handled independently from the model
with an input generator in the relational database software Microsoft Ac-
cess 97 (Keusch, 2000). The optimisation is accomplished applying the
CPLEX algorithm on a high performance parallel-scalar computer server.
Further details on the structure of the model and technical information
can be found in Flury (forthcoming).

Model results for two sub-regions are presented in the next section:
Praettigau (henceforth ‘Region 1°) and the neighbouring Region Davos
(hereafter ‘Region 2°), both in the Swiss Alpine Canton of Grisons.
Table 2 gives an overview on the actual structural characteristics of the
two sub-regions. Region 1 has roughly five times more agricultural land
than Region 2. Approximately the same ratio applies to the number of
full-time farms and standard labour units. The relative share of part-
time farms in total farms in Region 2 is half that of Region 1 (one sixth
compared to one third). One reason for the higher share of full-time
farms in Region 2 is the fact that the area has a long-standing tradition
of tourism. This allowed part-time farms to be abandoned more easily
within the scope of the usual sequence of generations. Another reason for
the higher share of full-time farms in Region 2 is that the per- hectare
milk quota is about four times higher than in Region 1. This ensures
the economic basis for the survival of more full-time farms. In addition,
these differences in milk quota influence the composition of the live-
stock : whereas approximately one quarter of the total livestock in Re-
gion 1 consists of cows for milk production, this share reaches more than
seventy percent in Region 2. The majority of cattle in Region 1 serves
for breeding and different fattening purposes (including suckler cows).

13
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The share of agricultural employees in overall employment in Region 1
is more than five times higher than in Region 2. In addition, the last
row of Table 2 shows that tourism plays an important role in Region 2
which is classified as a tourist region. In contrast, Region 1 shows an
agrarian-touristic predominance.

Table 2. Structural data for the two sub-regions in 1996

Characteristic - Regionl_ Region 2
Agriculrural land cultivated (hectares) 6 544 1 434
Total number of livestock 5 660 1020
Number of livestock units per hectare of agriculrural land cultivated 0.87 0.71
Number of farms ! 606 103
Number of full-time farms " 405 86
Number of part-time farms 201 17
Number of standard labour units ®, P 1 060 201
Milk quota per hectare (kg) 2 800 3150
Percentage of cows for milk production in total livestock V 24 71
Percentage of other cattle livestock units in total livestock units V 70 19
Percentage of sheep livestock units in total livestock unics 6 10
Amount of direct payments granted for landscape cultivation

(1000 CHF ®) 10 342 2183
Percentage of employees in agriculcure ! #nd 22 4
Number of overnight stays per hectare of agricultural land ' 4 > 40 620

Sources: 1 Bundesamt fiir Statistik (1996); » Bundesamt fiir Landwirtschaft {1998): *' Personal communication,
Mr. Marchion, Amr fiir Landwirtschaft Graubiinden (22.9.00); © Bundesamt fiir Seatistik (1998); > Bundesamt
fiir Statiscik (2000).

* One standard labour unit corresponds to one full-time worker working on the farm during one year;

b) CHF: Swiss Francs.

The two regions differ not only from a structural and socio-economic
point of view bur also concerning their topographic and spatial charac-
teristics, as shown in Figure 2. The figure depicts the relative share of
agricultural land in the total area of agriculcural land (Agricultural land)
for each of the six altitudes above sea level and the relative share of agri-
cultural land belonging to the farms located at that specific altitude in
the total of agricultural land (Farm area). A positive difference berween
the value for Farm area and Agricultural land at a specific altitude signi-
fies chat the area cultivated by all farms located at that specific alcicude
is larger than the area of agricultural land available at that same alticude.
This means that these farms use land at other altitudes. For example,
between 900-1200 m, 26 percent of the agricultural land available in
Region 1 is located at that particular level, whereas farms located at that
alticude use 41 percent of the total agricultural land available in Re-
gion 1. Hence, within the actual context of chat specific region, 15 per-
cent of the area used by the farms situated at thar altitude is located ar

14
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other levels. The model grants farms the possibility to use land ar alti-
tudes which do not correspond to their actual locations, whereby the ad-
ditional costs for overcoming distances and differences in altitude are
taken into account during the optimisation process. The figure reveals
important differences concerning vertical extent in land-use between the
two regions. The majority of the farms in Region 1 are located at an al-
titude of 600-1 500 metres and considerable resources have to be expen-
ded to overcome vertical distances of several levels of altitude. In
contrast, more than 95 percent of the farms in Region 2 are located at
one single alticude level (1500-1800 metres above sea level) and most
transportation only involves one altitude level (from 1500-1800 metres
to >1800 m). These differences in the topographic setting between re-
gions have important consequences for the design of efficient agricultu-
ral policy measures as will be shown in the next section.

Figure 2. Actual relative shares of farm area and agricultural land at differenc alcitudes

Region 1 Region 2
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o
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o W Farmarea
3 1200-1500
3 _ ) O Agricultural
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The validity of the model is evaluated in the first subsection by com-
paring structural data for the sub-regions with base-run model results.
The effects of a variation in two different types of direct payments on
the development of the indicators listed in Table 1 are then discussed in
the second subsection.

Validity of the model

The first column of Table 3 (Actual) shows the values for five of the
six indicators listed in Table 1 for the two sub-regions in the year 1996.
Information on the actual sectoral revenue as an economic indicator is
not available on a regional basis. Values for this indicator are therefore

15
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not provided in Table 1. Relative values for these five variables (compa-
red with Actual) resulting from model runs wich different assumptions
on opportunity costs for labour are shown in the second and third co-
lumns. Assuming no opportunity cost for labour (Labonr 0) represents a
short-term situation where farmers have no possibility to take up em-
ployment outside their farm business. In contrast, taking into account
opportunity cost for labour (Labour 10, corresponding to ten Swiss
Francs (CHF) per hour) reflects a longer time horizon. Farm labour be-
comes mobile and opportunity costs for labour are taken into account
when labour allocation decisions are made. Prices, costs and policy mea-
sures correspond to the situation in 1999.

Comparison of the first and second columns of Table 3 shows that
the model provides a reasonable reflection of the structural reality for the
two sub-regions. All the agricultural land is cultivated. This is in kee-
ping with the actual situation where no fallow land exists. Arable pro-
duction is not practised in either region due to unfavourable climatic
conditions. The reduction in livestock intensity by eight to eleven per-
cent can be explained by the observation that nitrogen and phosphorus
nutrient balances are more binding in the model than in reality. The
number of farms remains constant. Labour use is seven percent lower in
Region 1 and twenty percent lower in Region 2 which can be explained
by the fact that labour is used more effectively in the model than in rea-
lity. An additional reason is the reduction in the number of labour-in-
tensive dairy cows and the increase in labour-extensive nursing cows and
beef production. A minor two percent increase can be observed in the
amount of direct payments granted for landscape cultivation.

When opportunity costs for labour (last column of Table 3) are taken
into account, plausible values are obtained for the structural variables
both in direction and magnitude. Changes are more pronounced in Re-
gion 1 than in Region 2. Agricultural land cultivated decreases by over
one quarter, to 73 percent, in Region 1 whereas no fallow land exists in
Region 2. This is because of the structural and topographic differences
between the two regions described in the preceding section. Region 1
exhibits an increase in the number of livestock units per hectare of cul-
tivated land. This is due to the fact that, in the main, marginal land lies
fallow and therefore the area remaining in production is used more in-
tensively. There is no change in the number of livestock units per hec-
tare in Region 2 because there is no fallow land in this region. When
opportunity costs are taken into account there is a slight reduction in
the number of farms to 94 percent in Region 2 and to 74 percent in Re-
gion 1. The reduction in cultivated area and livestock lowers labour re-
quirements from 93 to 64 percent in Region 1. Since less land is culti-
vated in that region, the amount of direct payments granted for
landscape cultivation decreases to 72 percent whereas there is no reduc-
tion of these payments in Region 2 because no fallow land exists. Diffe-
rences in the amount of fallow land between the two regions can be ex-
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plained by varying labour intensity: 9.0 hectares per standard labour
unit are cultivated in Region 2 when no opportunity costs of labour are
taken into account (Labour 0) compared with 9.6 hectares when these
costs are considered (Labour 10). The corresponding figures for Region 1
are 6.9 hectares (Labour 0) and 7.3 hectares (Labour 10). There are three
reasons for the lower labour intensity in Region 1: higher per-hectare la-
bour requirements for transportation due to greater vertical distances in
that region compared to Region 2; higher labour requirements owing to
higher average physical yields as a result of lower average alticude of
fields in Region 1; a larger share of part-time farms in Region 1.

Table 3. Relative changes in indicator values under different assumptions for labour opportunity costs
in the two sub-regions (Actual: actual 1996 data; Labour 0: no opportunity costs for labour; Labour 10:

opportunity costs for labour included)

Actual Labour 0 Labour 10
(absolute) (percent of Actual)
Agricultural land cultivated (hectares) 6544 100 73
Number of livestock units per hectare of 0.87 89 102
agriculcural land cultivated
Region 1 Number of farms 606 100 74
Number of standard labour units 1060 93 64
Amount of direct payments granted for 10342 102 72
landscape cultivation (1000 CHF )
Agriculeural land culcivated (hectares) 1434 100 100
Number of livestock units per hectare of
agricultural land cultivated 0.71 92 92
Region 2 Number of farms 103 100 94
Number of standard labour units 201 80 74
Amount of direct payments granted for 2183 102 102

landscape cultivacion (1000 CHF )

® CHF: Swiss Francs

The effects of a variation in direct payments

All farmers in the Swiss Alpine area receive base payments of
CHF 1200 per hectare. The motivation for these payments is, firstly, to
ensure farmers'incomes in view of decreasing commodity prices and, se-
condly, to reduce the immediate structural pressure resulting from the
commitment taken by the Swiss government to liberalise agriculrural
markets within the scope of the GATT Uruguay Round. The political
motivation behind these base payments is therefore essentially transitional
and is designed to prevent structural change from taking place too rapidly
and causing an increase in fallow land and social hardship. In contras, di-
rect payments granted for the culcivation of steep slopes can be justified
exclusively from the point of view of environmental policy: the cultiva-

17



C. FLURY. N. GOTSCH. P. RIEDER

Metres above sea level

tion of steep slopes has the character of a public good reducing the risk of
avalanches and landslides through the prevention of fallow land.

The effects resulting from the elimination of base payments on the
relative shares of fallow land ar five different altitudes and on four cate-
gories of slope are discussed by comparing Figures 3 and 4. Opportunity
costs of CHF 10/hour for labour are assumed in all the results discussed
in this subsection. Figure 3 depicts the situation with base payments
and slope payments. Slope payments correspond to actual slope pay-
ments amounting to CHF 370/hectare for slopes between 16-32 % and
to CHF 510/hectare for the two steepest categories (32-51 % and
>51 % of slope). As can be seen from the right-hand diagram of Fi-
gure 3, no fallow land exists in Region 2 when base payments are gran-
ted. This is due to lower transportation costs from fields to farms resul-
ting from comparably shorter vertical transport distances (see Figure 2)
and the more favourable structural conditions, in particular the availabi-
lity of milk quotas. The left-hand diagram of Figure 3, depicting the si-
tuation in Region 1, shows that the higher the altitude, the greater the
share of fallow land since physical yields decrease concurrently with in-
creasing transportation costs at higher alticudes. In particular, the entire
area above 1800 mectres altitude lies fallow. The entire area in the stee-
pest category (>51 %) lies fallow in that region at altitudes above
900 metres even when base payments are granted. Mechanical harves-
ting of these steep slopes is not possible thus making their cultivation
unprofitable when opportunity costs for labour are taken into account.
Considerable amounts of fallow land exist at slopes <16 % in Region 1.
In particular, the entire area above 1500 metres with a slope <16 % is
fallow land. This can be explained by the facc that no slope paymencs are
granted for this slope category. Land use is uneconomic because physical
yields are low at such high alcitudes.

Figure 3. Relative shares of fallow land at different alticudes with base payments
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Figure 4 gives the same information as Figure 3 when slope pay-
ments only continue unchanged but base payments are no longer gran-
ted. Fallow land now also arises in Region 2, at all altitudes (there are
no farms and no agricultural land below 1200 metres above level in this
region). The entire area above 1500 metres altitude becomes fallow land
in Region 1. The same applies to most of the area above 1800 metres al-
titude in Region 2. The entire labour-intensive agricultural area in the
steepest category (>51 %) lies fallow in both regions at all altitudes.

Figure 4. Relative shares of fallow land at different altitudes without base payments
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Fallow land on very steep slopes is particularly hazardous from the
point of view of avalanche and landslide prevention. The elimination of
fallow land in these steep locations is a matter of public interest. Cur-
rent slope payments amount to CHF 510 per hectare for the steepest ca-
tegory. Additional payments for the cultivation of steep land must be
forthcoming to prevent this land from laying fallow when base pay-
ments are no longer granted. As can be seen from Figure 5, these addi-
tional slope payments vary from approximately CHF 700 per hectare at
600-900 metres above sea level to CHF 1900 per hectare at
51800 metres above sea level in Region 1. In Region 2, they vary from
slightly over CHF 300 per hectare at 1200-1500 metres above sea to
just under CHF 900 per hectare at >1800 metres above sea level. Com-
pensation requirements in Region 2 are lower compared with Region 1
as transportation costs from fields to farms are lower in che former. From
these results, it can be concluded that significant differences in the opti-
mal level of direct payments for the achievement of policy objectives
exist between regions. The efficiency of policy measures can be enhanced
significantly by giving due consideration to topographic and structural
differences at regional levels.
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Figure 5.
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The effects of varying assumptions concerning direct payments on
the indicators depicted in Table 1 are presented in Table 4. The first co-
lumn (Labour 10) shows the absolute values for the relative figures pre-
sented in the last column of Table 3. The second column of Table 4 (No
base payment) shows the results when base payments are no longer gran-
ted, as assumed in Figure 4. The significant increase in fallow land
shown in Figure 4 is reflected in Table 4: agricultural land cultivated is
approximately halved in Region 1 and reduced by over one third in Re-
gion 2 when base payments are no longer granted. In contrast, the num-
ber of livestock units per hectare of agricultural land increases because
the area remaining in production is used more intensively. The elimina-
tion of base payments dramatically effects the social and economic indi-
cators: The number of farms, the number of standard labour units and
the sectoral revenue fall by one third (number of farms in Region 1) to
approximately one half (sectoral revenue in Region 2). This means that
the elimination of base payments causes a structural and economic col-
lapse of agriculture in these two regions. One consequence is that the
taxpayers'burden, in the form of direct payments, is reduced by at least
85 percent.

The last column of Table 4 (Increasing slope payments) shows the results
when no base payments are granted, but additional slope payments for
the steepest category of slopes (>51 %) according to Figure 5 are gran-
ted to prevent fallow land in that category of land. It can be seen from
the last column of Table 4 that the relative share of agriculeural land
cultivated remains constant in both regions. However, there is no in-
crease in the amount of fallow land in the ecologically sensitive steepest
slope category, which is the specific purpose of these payments. The re-
lative share of fallow land remains constant. The fallow land that is pre-
vented in the steepest slope category thanks to supplementary slope pay-
ments for that category lies fallow now on less steep slopes (compare
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Figures 4 and 6). The reason for this switch is that opportunity costs for
labour are taken into account in these model simulations. This makes
expansion in the cultivated area unprofitable and results in a decrease in
the number of livestock units per hectare (second row of Table 4). The
less pronounced reduction in Region 2 compared with Region 1 can be
explained as follows:

Table 4. Effects of varying assumptions concerning direct payments on selected indicators

in the two sub-regions

Increasing slope payments Labonr 10 No base Increasing
payment slope payments
(absolute) (% Labour 10)

Agricultural land cultivated (hectares) 4743 53 53 B
Number of livestock units per hectare 0.89 113 87
of agricultural land cultivated

Region 1 Number of farms 450 67 67
Number of standard labour units 654 57 57
Sectoral revenue (1000 CHF @) 33730 61 64
Amount of direct payments granted for 7446 13 27
landscape cultivation (1000 CHF ¥)
Agricultural land cultivated (hectares) 1434 63 63
Number of livestock units per hectare of 0.65 114 104
agricultural land cultivated

Region 2 Number of farms 97 62 62
Number of standard labour units 149 62 62
Sectoral revenue (1000 CHF ®) 7690 52 52
Amount of direct payments granted for 2227 15 19

Y CHF: Swiss Francs

landscape cultivation (1000 CHF 0y

1. In Region 1, the area of agricultural land available in the steepest
category (>51 %) amounts to 740 hectares which corresponds to 16 per-
cent of the total area available. In Region 2, it only amounts to 120 hec-
tares or nine percent of the total area available. Without base payments,
all the land in the steepest category lies fallow in both regions (see Fi-
gure 4). With increased slope payments, all the land in the steepest ca-
tegory is cultivated (see Figure 6). However, due to technical, agronomic
and topographic constraints, it can only be cultivated at a lower level of
intensity. Consequently, the expansion of the cultivation of land in the
steepest category takes place at the expense of areas that are cultivated
more intensively when no additional slope payments are granted (com-
pare Figures 4 and 6): land at 900-1200 metres altitude (in the slope
categories <16 % and 32-51 %) lies newly fallow in Region 1, whereas
in Region 2, land above 1800 metres altitude in the slope category 32-
51 % lies newly fallow. Since Region 1 has relatively more land with a
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higher level of physical yield per hectare than Region 2, the fodder basis
is reduced more severely in the former than the latcer resulting in a
more drastic reduction in the number of livestock units per hectare in
Region 1 (interregional roughage trade is not allowed in the model and
the purchase of additional concentrates is not profitable).

2. When additional slope payments are paid, land which was for-
merly fallow in the steepest category is predominantly grazed by ani-
mals. When no such payments are forthcoming, these animals graze on
summering pastures (alps) that do not form part of the farm area. The
relative share of animals summered declines from 63 % when no base
payments are paid to 52 % with increasing slope payments in Region 1.
In contrast, only a minor reduction from 65 % to 61 % can be observed
in Region 2. Hence, the more pronounced substitution of summering
pastures by farm land in Region 1 results in a more distinct reduction in
the number of livestock units per hectare in this region compared to Re-
gion 2 due to the restricted feeding basis per hectare.

Figure 6. Relative shares of fallow land at different altitudes with increasing slope payments
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Further model runs investigate the sensitivity of labour use to in-
creasing slope payments for all slope categories. In Region 1, a relatively
small rise in these payments by ten percent suffices to increase the rela-
tive number of standard labour units from 57 to 62 percent (compare
Table 4). The relative number of farms rises from 67 to 71 percent and
the share of cultivated land from 53 to 58 percenc. In Region 2, by way
of contrast, additional labour input can only be promoted by providing
stronger monetary incentives: an additional 50 percent increase in slope
payments is necessary to generate higher labour input, which rises from
62 to 68 percent. The same relative increase in the number of farms
takes place and the relative share of agricultural land cultivated rises
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from 63 to 70 percent. Differences in sensitivity towards changes in
slope payments in these two regions are due mainly to the agronomic
conditions, in particular the productivity of land. When base payments
are no longer forthcoming, additional fallow land appears in Region 1
below 1500 metres where even higher physical yields can be achieved
(compare left-hand diagrams of Figures 3 and 4). On the other hand, in
Region 2, only land with low yield potential lies fallow 1n addition to
steepest slopes when base payments are cancelled. Higher slope pay-
ments must be granted to bring this land with low productivity poten-
tial back into cultivation.

The taxpayer finances the provision of this public good (reduction in
fallow land) by approximately doubling the amount of direct payments
in both regions. Only a minor proportion of these additional direct pay-
ments contributes to an increase in sectoral revenue which rises from 73
to 75 percent. A substantial share is absorbed by the remuneration of
the additional (manual) labour needed for the cultivation of steep land.

CONCLUSIONS

Policy decision-makers and stakeholders face a growing need for tools
which facilitate cthe assessment and evaluation of different policy options
on a range of policy objectives. The complexity of this rask demands an
amalgamation of the experience and methodological approaches of diffe-
rent disciplines. Various disciplinary contributions are integrated with
the help of multi-criteria models. There are many complex linkages bet-
ween the economy, the social sphere and the environment in which land-
use and space act as the vehicles for transmitting externalities. This is
particularly true when there is a wide degree of divergence between the
topographic, climatic, environmental, agronomic and infrastructural
characteristics as exhibited by mountain regions such as the Swiss Al-
pine arca. In this paper, a land use model is described for this area and
implemented for two sub-regions. The effects of a range of policy as-
sumptions for direct payments are investigated. Special reference is
given to the consequences of alternative regimes of direct payments on
the amount of fallow land in different topographic situations. One prin-
cipal conclusion which can be drawn from the model calculations is that
ecological effectiveness (reduction of fallow land on steep slopes) can be
improved by giving due consideration to topographic aspects when desi-
gning agricultural policy measures with, at the same time, lower costs
for the tax payer. At the same time the results show that an elimination
of the actual income-supporting direct payments may cause a collapse of
agriculture in Swiss mountain regions.
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From the model calculations it can be further concluded that impor-
tant trade-offs among different socio-economic and ecological indicators
exist. These trade-offs vary considerably among regions according to
their topographic conditions (and hence production costs, in particular
transportation costs), the agronomic situation (yield potential as a func-
tion of altitude, slope and soil quality), the structural characteristics of
the farms (for instance farm size and the quantity of milk quota avai-
lable) and the regional socio-economic environment (providing, for ins-
tance, additional employment opportunities outside agriculeure). Tailo-
ring agricultural policy measures specifically to regional characteristics
allows an improved exploitation of positive trade-offs among socio-eco-
nomic and ecological indicators. The development and analysis of such
policy concepts and the elaboration of suggestions for their implementa-
tion represents a broad field for future research.
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