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1. Summary [36 ]
In Switzerland, the closing down of farms is widely seen as the dominant reason for land abandonment and forest
expansion in the Alps. Also agricultural policy, which aims to preserve open land and to ensure cultivation of marginal lands, relies on this conclusion. However, based on production and location theory, contemporary concepts
of agricultural economics and empirical indications, we suggest that the relationships between forest expansion
and structural change in agriculture are more complex. This can be illustrated already on the aggregate level: In
Switzerland, forest expansion is a phenomenon typical for mountain areas, whereas the rate of farm exits in the
mountain areas between 1955 and 1990 was not higher, but lower compared to the plain.
Our general research question that will be examined during the span of the proposed project is: How can we explain the pattern of land abandonment and forest expansion during the last decades with the help of newly
available large quantitative datasets? To address this question, we will first deduce hypotheses from economic
theory and from vegetation dynamics to explain forest expansion and, second, conduct spatial statistical analyses
to investigate these hypotheses. Our target is to determine the relevant bio-physical and socio-economic causes of
land abandonment and forest expansion and to quantify their relative impact. The analyses are carried out on different spatial and temporal scales, both with the help of extensive, recently completed data of forest inventories and
areal statistics, and with aerial photograph time series.
The expected findings will be significant for the understanding of land-use changes in the Alps and may have important implications for policy design: As bio-physical and socio-economic conditions vary widely within the
Alps, centrally planned policy measures hardly correspond with local bio-physical and socio-economic characteristics. The necessary knowledge for designing target-oriented and efficient measures to avoid land abandonment
and forest expansion might therefore rather be found at the local level. This suggests consequences for the institutional setting, in particular a shift of competences, finances, and responsibilities from the Federal level to the
cantons and municipalities.

2. Research plan
2.1 Account of the state of research in the field [37]
2.1.1 A short history of the interest of the Swiss research community in land abando nment and forest expansion
In the last 150 years, forests in Switzerland expanded significantly, most of all in the Alps. Although exact statistics are not available, it is estimated that forest surfaces have increased by about a third (Brändli 2000). The dominant direct cause of this development is the giving up of agricultural cultivation. Although land abandonment is
going on since more than one hundred years, according to Surber et al (1973) and Walther (1984), it has become a
research topic only in the sixties of the 20th century.
First investigations have been undertaken by agricultural scientists (Moos and Herot 1973, Gantner 1976, Brunner
1977, Moos and Herot 1979) and by forest scientists (Surber et al 1973). An important reason for the forester’s
interest in land abandonment was the fear of a further deterioriation of the rentability of timber production as a
cons equence of forest expansion on marginal land. The approach of Surber et al (1973) is based on systematic
field studies in typical municipalities all over Switzerland. The investigation showed that abandoned land was yet
the exception, but a significant increase was expected. The political reaction was rather fast: In 1979, direct income payments per hectare and per alped animal as incentives to promote minimal cultivation of land in regions
with unfavourable production conditions were introduced (Schweizerischer Bundesrat 1979). Potential risks re-
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sulting from abandoned land and expected positive income effects for mountain farmers served as legitimation for
the new po licy.
These first investigations were followed on the one hand by research projects focusing exclusively on land abandonment, in particular the projects on abandoned land conducted at the Institute of Geography at the University of
Zurich (Walther 1984, Julen 1984, Haefner and Guenter 1984, Haefner and Hugentobler 1985). On the other hand,
land abandonment and its driving forces were of interest in the Swiss Man and Biosphere (MAB) Programme
1
(1979-1985) (Brugger et al 1984, Messerli 1989). The central starting point for the MAB-Programme was that
land-use is the “meeting point” that brings together the natural and the socio-economic system (Messerli 1986).
The first of the four research leading questions in the MAB-programme was: “Which socio-economic processes
induce relevant changes in land-use patterns?” (Messerli 1986). In this sense, our project means a continuation of
the MAB research tradition.
In the following years, there was no specific interest in land abandonment but more general in land-use change: in
particular in the National Research Programme „Land use in Switzerland“ (Bernegger et al 1990, Rieder et al
1990), in the European research project ECOMONT – Ecology of European Mountain Ecosystems (Cernusca et al
1999) or in the ETH Polyproject PRIMALP – Sustainable Primary Production in the Alpine Region
(http://www.primalp.ethz.ch/). One reason for the diminished interest might be that land abandonment in the Swiss
Alps was judged by some experts as a problem of little quantitative importance (Rieder 1984b, Rieder and Anwander Phan-huy 1994). Only recently, basically as a consequence of the results of the second Swiss National Forest
Inve ntory 1993-95 (Brassel and Brändli 1999), there is a new interest for land abandonment or rather forest expansion in the Swiss Alps (Brändli 2000, Ghiggi 2000).
We distinguish three fields of research which are relevant for our project:
−
Research on explaining land abandonment in the Swiss Alps
−
Research on vegetation dynamics on abandoned land
−
Spatial modeling with bio-physical and socio-economic data
The account of the state of research is given for each field separately.

2.1.2 Research on explaining land abandonment in the Swiss Alps and research gaps
Explaining land abandonment
The first studies (Moos and Herot 1973, Surber et al 1973) provide mostly ad hoc explanations of the causes of
land abandonment. Still, the reasoning about the causes is plausible and has basically remained unchanged by today:
It is marginal land, ie land which supplies small yield at high costs, which is abandoned. This view is compatible
with the trivial outcome of production and location theory that production decisions depend on marginal yields and
costs (cf Henrichsmeyer and Witzke 1991). Further, in these first investigations it was distinguished between
some kinds of natural or ecological factors on the one hand, and socio-economic and political factors on the other
hand. Mainly unfavourable topography and low incomes were identified as the most relevant causes (Grubinger
1975, Gantner 1976, Brunner 1977, Moos and Herot 1979).
A comprehensive theoretical and empirical analysis on abandoned land and its causes has been conducted by
Walther (1984). His investigations in 8 communities confirmed that land is more often abandoned on steep parcels which cannot be cultivated with machines. Following Rieder (1984a,b) and Bernegger et al (1990) land abandonment is historically correlated with mechanization. Further causes of land-abandonment for which Walther
(1984) found empirical evidence are yield potential, accessibility of land, and size of parcels. He also shows that
previous hereditary customs have a major influence. In regions where farms used to be divided among heirs (“Realteilung”), land abandonment is more spread. According to Walter’s main conclusion, abandoned land is the result

1

For a general overview on MAB reseach in European Mountain regions see Price (1995).
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of a prevented modernization of land-use. Thus, it occurs where the agricultural system has not been adapted to a
changed social environment. This seems particular the case in regions where “Realteilung” was practised.
In the Swiss literature we distinguish two disciplinary perspectives concerning the driving factors of land abandonment: social geography and agricultural economics. In social geography, land-use change is looked at as the
visible manifestation of the general social and economic development, and changes in values and preferences are
identified as the relevant driving factor (Wanner 1983, Messerli 1984, Walther 1984). By contrast, in agricultural
economics changes are principally explained by exogenous factors, for instance, the development of labour markets, infrastructure, mechanization, prices, etc. Moreover, in economic models it is postulated that preferences
will remain unchanged while we observe the behaviour (Varian 1996). Thi s fundamental economic hypothesis is
relevant for empirical economic analysis, because changes in individual behaviour are attributed to observable
modifications of constraints. Consequently, the hypotheses deduced from this model are empirically testable. A
further important difference is that economics is based on the postulate of methodological individualism: Any
event that can be observed on the aggregate level is the result of individual actions. The individual agent is taken as
the fundamental building block for all economic analysis (Frey 1992). By contrast, concepts in geography are
rather based on the idea of aggregate social development. Following the leading hypothesis of Messerli and Brugger (1984: 77) the development of the mountain areas follows general and superior energy fields (“Kraftlinien”)
which are steered by the centers. A further difference relates to the methodological position. Economics adheres
rather to deductive, and social geography to inductive reasoning.
The economic way of reasoning is taken up by Gantner (1976), Brunner (1979), Moos and Herot (1979), Rieder
(1984b), Rieder et al (1990), Bernegger et al (1990) or Pezzatti (2001). The central hypothesis remains that
marginal land is abandoned where benefits are low and costs high. To summarise, the decision to give up production is interpreted as the result of a cost-benefit reasoning concerning land-use. Differences exist concerning the
operationalisation of the cost-benefit model, the selection of the benefit- and cost-related variables and their relevance. Most analysis remain either qualitative (Gantner 1976, Moos and Herot 1979, Rieder 1984b) or are conducted with Linear Programming models (Brunner 1977, Rieder et al 1990, Bernegger et al 1990). Empirical
field analyses are the exception (Pezzatti 2001).
Two significant cost-related variables are opportunity cost of labour and infrastructure deve lopment (Bernegger et
al 1990). The most recent analysis by Pezzatti (2001) confirms the decisive effect of infrastructure development
which leads to a significant reduction of land-use costs: the better parcels are accessible, the more intensively they
are cultivated. Labour seems the crucial element in explaining production, and therefore in explaining land-use and
land abandonment as well (Witzke 1993). The more labour intensive an activity and the higher labour costs, the
more probable it becomes that marginal land is abandoned. Opportunity costs of labour are on the one hand determined by exogenous factors, ie by the economic development in general, and by the labour market (demand of
labour, wages) in particular. On the other hand, opportunity costs of labour depend also on endogenous factors,
such as on education or on preferences for a certain type of activity.
Structural change and land abandonment
Some authors expect a direct relationship between farmer migration and land abandonment. Hence, they draw implicitly or explicitly the conclusion that land abandonment can be stopped by a prevention of farmer migration
(Messerli 1989, Bätzing 1996, Broggi et al 1997). This view is persistent, although by now there is no empirical
evidence that the decrease of the number of farms and the abandonment of land are directly correlated. NaegeliOertli (1986) showed for Grindelwald that despite the drastic reduction of farms almost no farmland had been
abandoned. And on the aggregate level, between 1955 and 1990, the rate of farm exits in the mountain areas was
not higher, but lower compared to the plain, although forest expansion is a phenomenon typical for mountain areas
(Baur 1999).
Although there is no evidence for a general direct correlation between farmer migration and land abandonment,
one special case has to be discussed. It is the case of complete land abandonment, because no farmers are left at
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all. To clarify this special case, we need to know more about farmer migration and structural change in agriculture.
From the vast literature on this topic (for an overview see Baur 1999), we concentrate on an issue which did not
arise from theory but from observation, and which is relevant for the proposed project. It is the question of the
minimum size of viable villages (Gantner 1976, Rieder 1984a, Bernegger et al 1990). In Switzerland, population
decline is restricted to peripheral agricultural villages (Wanner 1983). According to Rieder (1984a), pure agricultural villages have no chance of survival because they are too small. Villages can only survive, if non-farmer population and non-farmer employment remains or rather increases (Bernegger et al 1990). By supporting agricultural
income total migration cannot be prevented. Agriculture cannot create enough employment to help villages survive. The conclusion is that the survival and development of non-farm employment is a ne cessary condition to
prevent total migration and also total land abandonment. As a whole this conclusion is of high relevance because it
turns a common political argument upside down: Prevention of migration is less the result of a maintained farm
sector but rather on the contrary. The basic argument is that a minimal farm sector can only be kept alive, if local
infrastructure is preserved, and this needs a minimum size non-farmer population. This conclusion is also supported by Naegeli-Oertli (1986) who found that in Grinde lwald, on average, 70% of the farm income resulted from
non-farm labour.
Rieder (1984b) and Bernegger et al (1990) state a research gap in explaining migration of mountain farmers.
From the permanent income disparities between mountain farmers and farmers in the plain one would expect the
migration of mountain farmers to be higher, which apparently has not been the case by now. Some hints are given
by Gardner’s guiding paper “Changing economic perspectives on the farm problem” (1992) where he contradicts
the widespread perception, that structural change in agriculture is mainly the consequence of economic pressures
on farmers (“Anpassungsdruck”). This perception is supported by well-known theoretical concepts. Famous is
Cochranes “technological treadmill thesis” which explains decreasing prices for agricultural products by a fast
diffusion of technological innovation (Rieder and Anwander Phan-huy 1994). According to Gardner (1992) the
farm problem model has persisted although it is theoretically not consistent and empirically not evident. Gardner
shows for the US that migration of farm labour after the war can be explained primarily by an increase of wages
and labour demand and not by sinking or instable agricultural incomes. He postulates that in a growing economy
structural change is rather driven by “pull-factors” (“Abwanderungssog”; better income opportunities in the nonagricultural sector) than by “push-factors” (sinking incomes in the agricultural sector). Baur (1999, 2000a) found
strong empirical evidence for this hypothesis for the structural change in Swiss agriculture between 1939 and
1990. She could show that agricultural policy had a strong impact on structural change. At the cost of increasing
government expenditures, not only the pressure on farms was lessened, but the “pull-factors” were partly neutralized. This resulted in a highly retarded labour migration. After 50 years, the average size of Swiss farms had only
doubled (from 5.8 to 12.2 ha), labour intensity remained extraordinarily high (1996: ca. 7 ha per labour unit) and
there was almost no development of large farms (1996: 1% of farms > 50 ha).
In summary, to explain structural change and land abandonment we need to better unde rstand the labour allocation
of Swiss mountain farmers. In our project we are going to develop a theoretical framework to explain land abandonment based on production and location theory, on agricultural household models (Witzke 1993, cf Baur 1999)
and on an economic model of human behaviour (Frey 1992). The basic as sumption in these models is that individuals act systematically and therefore predictably. They compare advantages (benefit) and disadvantages (cost) of
possible actions considering the information available to them. Thus, human behaviour is determined by expected
benefits and costs, and ultimately by preferences and constraints that are mainly imposed by institutions. Institutions, ie laws or informal behavioural norms, can be regarded as agreements influencing expectations and therefore
shaping repeated human interactions (Picot and Dietl 1990). The institutional setting is important because it determines the individual's possibility set and costs of actions as the following two examples illustrate:
1. Previous hereditary customs are the main reason for small and dispersed parcels which makes cultivation very
expensive and thus increases probability of land abando nment.
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2. The restrictive Swiss forest legislation (Federal Forest Act), wherupon forests expanding on abandoned land
cannot be removed, leads to an increased interest in preventing land abandonment, independent of agricultural
benefits. Minimal cultivation is maintained because of eventual benefits expected in the future. Eventual high
future benefits mean high opportunity costs of land abandonment for the landowner and thus decrease the
probability of land abandonment.
Political conclusions
How can land abandonment be prevented? According to Brunner (1977) this aim can be achieved the cheapest by
maintaining family farms and giving compensation payments in regions with unfavourable natural conditions. The
latter was realised in 1979, when the Fe deral government introduced direct income payments (“Flächenbeiträge”).
Also Rieder (1984a) expects direct income payments to be effective instruments to prevent land abandonment.
Simulations with Linear Programming models (Bernegger et al 1990) and a survey in selected communities of the
canton Graubünden (Anwander et al 1990, Rieder et al 1990) confirmed allocative effects of these income payments. However, the analyses and investigations provide also evidence of the importance of infrastructure deve lopment which allows accessibility of parcels and mechanisation. According to Bernegger et al (1990) and Rieder
and Anwander Phan-huy (1994), the existence of development is even more important than income payments.
Since land abandonment seems a local problem, Rieder and Anwander Phan huy (1994) suggest local solutions
instead of increasing payments. Concerning political implications, land abandonment shows many similarities with
the problem of designing effective and efficient measures to promote biodiversity in agricultural landscapes,
where a regionalization of policy seems promising (Baur 1998). This basic idea that problem solving has to take
place on the local or at least regional level is not new neither in the problem-oriented literature (Brugger 1984,
Rieder and Häfliger 1995) nor in economic theory (Theory of Fiscal Federalism, Public Finance, Political Economics etc; cf Feld and Kirchgässner 1998). Nevertheless, despite the federalistic tradition in Switzerland, such
ideas have not influenced (agricultural) policy by now. After all, if land abandonment is a major and wide-spread
problem, it cannot be resolved within traditional concepts of centrally designe d agricultural policy. In particular in
regions menaced by total migration, we need policies going beyond the sectoral approach (cf Baur et al 1999).
There is a research gap concerning the design of effective and efficient policies to handle land abandonment.
Research gaps
•

Consistent explanation of land abandonment founded on contemporary concepts of agricultural economics.

•

Quantitative analysis of land abandonment/forest expansion between ca. 1950 and 2000 on the basis of a sound
theoretical framework.

•

Allocative effects of direct income payments, introduced in 1979, for regions with unfavourable production
conditions, and in particular in the mountain regions.

•

First allocative effects of the significant raise of direct income payments within the new agricultural policy
(since 1993).

•

Policies to handle land abandonment.

2.1.3 Research on vegetation dynamics on abandoned land and research gaps
Patterns of succession or vegetational change can be asserted to some degree and at some scale for almost any
natural system (Mc Cook 1994) and there is a large body of literature on succession patterns in different forested
ecosystems (cf reviews in Kimmins 1997, Pijanowska 1985, Ellenberg 1996).
Most knowledge on pattern and processes of forest expansion is based on studies about succession after human
interventions or after disturbances such as fire, blowdown or snow avalanches. And there is also a fast growing
body of literature on tree invasion and forest succession, where a change to a more favourable climate has lead to
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forest expansion into ecotones such as glacial meadows (Lüdi 1958), meadows near alpine timberline (Franklin et
al 1971, Jakubos and Romme 1993, Hessl and Baker 1997) or into forest/dryland ecotones (Mast et al 1997).
Based on such studies, we know that mechanisms and patterns of forest successions are highly site specific: Colonization of open areas varies strongly with factors such as the availability of favourable (microclimate soil, vegetation) seed beds (eg Schauer et al 1998, Dider 2001) or with the seed dispersal of the invading species (Sauer
1988). In a later stage, tree invasion is often more or less inhibited by competition and allelopathic interactions
with other plants (Ponge et al 1998) or by grazing effects (eg Gessamann and Mc Maho nn 1984, Schütz et al
2000a).
Forest succession patterns after agricultural land use change is much less investigated than forest succession after
natural disturbances. However, some case studies let us already draw some conclusions and hypotheses about the
effect of land use changes, and various case studies in or near the Alps show, which pathway succession from hay
meadows or pastures to forests are likely to follow in specific regions:
-

In the Swiss National Park vegetation surveys since 1917 (Braun Blanquet et al 1931, Stüssi 1970, Schütz et
al 1998, Ackermann et al 2000) enabled different studies about succession pathways after abandonment of agriculture and under the influence of changing grazing pressure. On the basis of these studies, Schütz et al
(2000b) developed successional models, which show the expected change in vegetation over a period of 580
years from tall herb communities (species group Aconitum) to pine forests (Pinus montana).

-

In the Jura, Kienzle (1979) described pathways from Mesobromium (drier sites) or Cynosurium (more mesic
sites) to different types of beech-forests (Fagion). Dependent on the site conditions (humid vs xeric) the
pathway goes over different intermediary stages.

-

In the central Alps (Urserental, Obergoms, Bedretto) Zoller et al (1984) described pathways from Festucion
variae (South facing) or Nardion (North facing) to different staged of abandoned land. Dependent on site
conditions and in particular on different expositions (North vs South facing slopes), these intermediate stages
include different dwarf shrub formations (Vaccinium, Calluna) and deciduous trees. Dwarf shrub formations
or stages of Alnus viridis may keep for several de cades until they change to spruce-forests (Picetum) or mixed
larch-spruce forests (Larici-piceetum).

-

In the Napfgebiet (Kienzle 1985) described succession pathways on an altitudinal gradient from mown meadows to different types of beech, beech-fir or spruce-forests.

-

In 3 different sites along an east-alpine transect from North Tyrol (Stubai Valley), South Tyrol (Passeier Valley) to Trento (Monte Bondone) land-use determined changes of the vegetation were investigated. In general
on heavily managed hay meadows (annual fertilisation and mowing Geranio silvatici-Trisetum or FestucoAgrostietum ) decline of land use (moving every 1-2 years) first leads often to the development of a Nardetum. With a further decline of land use, different dwarf shrubs (Calluna, Vaccinium) begin to colonize and initiate, with a complete absence of management, the vegetation into a secondary forest according to the site related succession (Tasser et al 1999).

-

In the Malcantone in the canton Tessin (Lischer 1998) and in the lower Engadin (Schöne 1999) dendroecological methods in combination with aerial photographs enabled to reconstruct invasion of different
tree species and forest expansion.

Although the main characteristics of these studies is that succession is very different according to different sites
there is also some similarity in the succession pattern of most of these case studies: Heavily managed areas show
a high frequency of hemikryptophytes, which declines with less cultivation. After abandonment, the number of
lignified chamaephytes and herbaceous species (herbs and grasses) increases. Finally, tree species begin to invade
abandoned areas and gradually lead to forest cover conditions (Zoller et al 1984, Cernusca et al 1999). Changes in
sites are often related to management. Depending on the various land-use method, light intensity decreases, as well
as nutrient content, which leads to an acidification of the soil. Percentage of biomass in roots and root depth
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gradually increases. While pH-values generally decrease, C/N-ratio often increase in abandoned land leading also
to a change of bacteria and fungi composition in the soil and to a slower mineralisation process (Gisi and Oertli
1981). Initially, species diversity increases because of higher competition, which is greatest on lightly-managed
areas or recent abandoned areas. Increasing succession, however, causes the decline of species diversity which is
lowest among mature dwarf shrub communities and closed forest respectively (Zoller et al 1984, Cernusa et al
1999). Meadows and pastures show similar changes in vegetation, but on meadows heterogeneity is decreased and
the influence of parent rock is less important (Tasser et al 1999).
Grazing by cattle and by other domestic ungulates has generally an inhibitory effect on forest succession above a
certain threshold, but can also accelerate forest succession by uncovering mineral soil. An abrupt cessation of
cattle grazing has therefore often the effect of a strongly accelerated and often dense invasion of forests in fo rmer pastures (Franklin et al 1971, Veblen 1986, Bebi 2000). Based on a study in the Wind River Mountains, Dunwiddle (1977) suggests that grazing, combined with other factors can produce changes in meadows condition that
enhance tree invasion for 20 to 25 years once intense grazing pressure is reduced.
The speed of forest succession may vary considerably according to regional climate, former land-use and different
autogenic or allogenic factors. Due to favourable climatic conditions and due to a relatively small scaled pattern of
open areas (Montis) and forests, speed of forest expansion is more rapid in the Tessin and in other southern valleys of the Swiss Alps (Walther and Julen 1986). Slow pathways are most often observed where exposure to grazing or to climatic factors are extreme (Schütz et al 2000a) or where formation of dwarf shrubs build relatively
stabile successional stages (Zoller et al 1986).
Our knowledge on vegetation dynamics after agriculture abandonment is based on a sum of different case studies.
These case studies give some insight on the mechanisms of succession from meadows to forest in different regions. To a large degree, however, these relationships have been examined within a narrow ecological context:
studies have mostly been conducted on specific valley slopes or even in individual meadows. Consequently, it is
widely unclear how these mechanisms vary in importance across multiple gradients of bio-physical site factors and
land use history.
Research gaps
•

Tree invasion pattern across multiple gradients of biophysical site factors and land use history.

•

Time between land abandonment and measured forest expansion, dependent on land use history and site conditions (topography, soil, climate, etc).

•

Consistent time series on forest expansion with reliable data sets.

2.1.4 Spatial modeling with bio-physical and socio -economic data
Spatial modeling is a fast growing research field in the natural sciences as well as in economics (eg regional economics, Reggiani 2000). Geographical information systems (GIS) of varying complexity have emerged during the
last 20 years as useful tools in addressing landscape research questions (Turner 1990, Fischer et al 1996). Many
current ecological problems can be addressed more easily by overlaying various bio-physical or socio-economic
data-layers, and the combination of GIS with multivariate statistical methods is increasingly used to analyse and
disentangle the driving forces of the current landscape pattern and to explain and predict ecological or socioeconomic processes. Traditionally, GIS modeling has mostly been used in combination with either only biophysical or only socio-economic data.
GIS-models with bio-physical data
There is a large body of literature on predictive vegetation modeling (see review in Franklin 1995). Predictive
vegetation modeling is founded in ecological niche theory and vegetation gradient analysis, and rests on the prem-
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ises that vegetation distribution can be predicted from the spatial distribution of environmental variables that correlate with or control plant growth. The availability of digital maps of topography and other environmental variables
such as soils, geology and climate has allowed in many studies of predictive vegetation mapping to successfully
identify and quantify explanatory variables (eg Guisan et al 1998, Franklin 1998). Similar approaches have also
been conducted in risk assessment analysis, where the risk of certain disturbances is explained and predicted with
the help of a large sets of bio-physical data (Robothom and Dudycha 1998, Bebi et al 2001) or in habitat analysis,
where the suitability for certain species is spatially modelled dependent on ecological and topographical factors
(eg Mladenoff and Sickley 1998, Brito et al 1999).
Depending on the sets of available data, different multivariate modeling approaches are preferred. Mutiple linear
regression models are generally used for the modeling of continuous dependent variables (eg density of forest
cover). Alternatively, categorical or binary dependent var iables (eg classification of forest types, forest vs nonforested area) can be explaine d with logistic models, General Linear Models (GLM), General Additiv Models
(GAM) or discriminant analysis (canonical variation analysis). Beside these techniques, tree based models (Classification and Regression trees) have been increasingly used during the last years to explain vegetation pattern or to
assess disturbance potential (Reynolds 1993). The advantage of classification trees is that, in contrast to regression mo dels, they can determine relationships between the response variable and a predictor, where the relationship is conditional on the values of other predictors (Franklin 1995).
GIS modeling procedures with bio-physical data are mostly carried out on a raster based GIS-format and raise the
question of spatial autocorrelation. Extended forest stands are ecosystems which are on a broad spatial scale implicitly correlated biological processes. But autocorrelation has also to be considered on a temporal scale (Lege ndre 1993). The effect of spatial autocorrelation can be limited with an appropriate sample technique and thus using
only non adjacent information (Pereira and Itami 1991, Brito et al 1999).
GIS-models with socio-economic data
Socio-economic spatial data have some properties that distinguish them from bio-physical data (cf Bohnet 1995).
In contrast to bio-physical data, the position and the boundaries of socio-economic phenomena cannot be directly
determined through observation or measurement on the earth’s surface. Usually, they are produced indirectly by
aggregation of data of enumeration districts or statistical analysis of data of representative areal units describing
features of individuals or groups. As socio-economic phenomena are linked to people and their activities, their
distribution over space is often extremely uneven and heterogeneous. In most studies with socio-economic data,
the information is collected at the point level (individual, household, house, community) and almost always aggregated to existing spatial entities such as administrative units to allow tabulations according to various data attributes. Many of the GIS modeling procedures, described for bio-physical data are also used for socio-economic data
(cf Arlinghaus 1996). However, data for socio-economic models are more often aggregated on a broader scale (eg
on the level of administrative units with known census data) and the problem of autocorrelation is often addressed
with autoregressive models (eg Brown et al 1996).
Data integration issues
GIS modeling approaches with both bio-physical and socio-economic data often face the problem of integrating
data of different types and scales. There are several ways of addressing this issue: Interdisciplinary land-use modeling approaches, which are biased more to the bio-physical sciences, tend to integrate different data layers into
raster data and perform statistical analysis with samples of such raster data (eg Tappeiner et al 1998, Verburg and
Chen 2000). Alternatively, studies with population census data show awareness of the often arbitrary nature of the
spatial data variability (Goodchild et al 1993), and different techniques to integrating social and environmental
data have been developed (eg Brown 1996). Conversion between areal units or the creation of new areal units,
which represents the intersection of two sets of units, provide mechanisms for comparing disparate data. Data
collected and aggregated to some spatial aggregation units can be converted to other spatial units through a variety
of techniques outlined by Tobler (1979), Flowerdew and Green (1989), and Goodchild et al (1993). A common
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assumption for many of these methods is that the density of the count variable, or the value of the density variable,
is constant throughout each of the units, what is of course not always a good approximation. Thus before data integration, it is important to inve stigate the intern heterogeneity of socio-economic units and to consider remedial
measures (Wong 1995, Hung and Yasuoka 2000).

2.2 Account of own research in the field [38]
The project is carried by an interdisciplinary research team at the Swiss Federal Research Institute WSL.
Priska Baur, main applicant
In the last decade, Priska Baur’s topics in research and teaching have been environmental economics of land-use
in agriculture (teaching: Baur 1992, Baur 1996, Baur 1997, Baur and Rieder 1997; research: Baur 1995, Baur
1998, Baur 1999b, Baur 2000d), structural change in agriculture (Baur et al 1995, Baur 1996, Baur et al 1999,
Baur 1999, Baur 1999c, Baur 2000a, Baur 2000b, Baur 2000c) and political economics of agricultural policy
(Baur et al 1994) and forest policy (Baur 2001, in review).
Her research so far is important for the proposed project concerning the theoretical framework, the empirical
results, the methodical approach in the quantitative analyses and the design of policies:
Theoretical framework: In her PhD thesis, Priska Baur discussed different theoretical economic approaches to
understand and explain structural change in agriculture. Her problem-oriented synthesis of theories serves as a
starting point.
Empirical results: A crucial result of Priska Baur’s thesis is that structural change in Switzerland between 1939
and 1990 was highly retarded mainly because of the significant financial support of agriculture. In the mountain
area, the retarding effect of agricultural policy was eventually of even greater importance. The reasons identified
are:
−

Economy in the peripher regions is generally weaker, and hence, opportunity costs of farm labour are lower.

−

Morevoer, there are empirical indications that progress in education of farmers was retarded in mountain
areas, which also contributes to lower opportunity costs of farm labour.

−

According to economic theory, direct income payments tend to retard structural change even more than price
support. In the mountain area, direct income payments were already introduced in 1959 (Baur 1999c).

−

Significant financial support to improve working conditions and housing quality contributed to a neutralization
of pull-factors from the non-farm sector and from the economic centers.

Methodical approach in the quantitative analysis: Between 1994 and 1999, Priska Baur acquired experiences in
analysing individual farm data from the Swiss farm census. In Switzerland, she was the first person to combine data
from two and more census to analyse the deve lopment of farms in time. She developed her methodical approach in
the canton Zurich and in Sudtirol. In particular, she studied farm exit patterns and participation of farmers in the
ecological programmes of the Swiss government. In her methodical approach she relies on the theory of complex
phenomena (Hayek 1961/1972), which emphasizes the great relevance of pattern statements with respect to understanding and predicting of social and economic change. As in her thesis, the objectives of the quantitative analyses in the proposed project are pattern recognition and pattern prediction.
Design of policies: By today, in Switzerland, agricultural policy has basically remained income policy. Overall
political objectives, such as preserving cultivation of land, promoting environmentally sound production or ensuring the production potential are primarily pursued in an indirect way, ie by maintaining farms and by designing
measures without relation to the local context. Problems arising from conflicting goals have been addressed by a
continuous increase of governmental expenditures. Priska Baur’s principal interest in research is how political
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measures can be developed to mitigate conflicts between different user interests and thus to better reach overall
objectives at less costs.
Peter Bebi, co-applicant
Peter Bebi has already as an undergraduate student (Environmental Natural Science ETHZ) elaborated a contribution to ecological and socio-economic causes and effects of abandoned land in the Alps (Bebi and Häberli 1992).
In his PhD project 'Structures in mountain forests as a basis for the assessment of different forest functions',
which was advised by Prof. P. Bachmann, PD. F. Kienast and Dr. W. Schönenberger (Bebi 1999, Bebi 2000, Bebi
et al 2001) Peter Bebi elaborated tools for the assessment of different relevant structure types in mountain fo rests with the help of aerial photo-interpretation and with a newly developed GIS-based automated image processing
approach. On the basis of these methods, Peter Bebi mapped small scaled structure types on aerial photographs
from 1930 and from 1997 and studied, with the help of GIS-based overlay procedures, forest dynamics under the
effects of different site and management factors. With two GIS-based examples of application Bebi showed the
functionality of the elaborated methods in combination with a 25m-digital elevation and statistical models.
The postdoc project 'Evaluation of newer GIS modeling approaches to study disturbance interactions in a Rocky
Mountain subalpine forest landscape', advised by Professor T.T. Veblen (Department of Geography, University of
Colorado), enabled him to increase his knowledge in forest dynamics, in GIS-based modeling techniques and spatial statistics. With the help of different GIS modeling approaches (logistic models, tree based models, autologistic mo dels) and an overlay of historical maps, field checked aerial photographs, topographical data and different
existing GIS layers, Peter Bebi analysed and modelled the risk of subsequent fires and spruce beetle outbreaks in a
complex mountainous study area (Bebi et al 2001b, Bebi et al in review).
Ruedi Boesch, co-applicant
Ruedi Boesch has a solid background from his geography study at the university of Zurich concerning spatial
analysis and image processing. In the last years, he has been working in the section „Landscape inventories“ at the
Swiss Federal Research Institute WSL as a specialist for spatial analysis, image processing, pattern recognition
and analysis within several projects and expertises. He successfully conducted a project for the extraction from
vegetation data from scanned topographic maps and designed and developed a large software-based application
framework for the detection and analysis of bioacoustic signals. Currently, he works in the project „retrospective
analysis of forest development from forest cover maps“ and the project „recognition of spatial structures for the
next generation of landscape and forest inventories“.

2.3 Detailed research plan [39]
2.3.1 Problem and objectives
th

The forested area in the Swiss Alps has expanded by about 30% during the 20 century. There is general agreement, that the abandonment of agriculture land is the main reason for this forest expansion. This development may
1
not be desirable because of a variety of reasons , for instance because of the potential loss of biodiversity (cf
Nievergelt and Hess 1984, Cernusca et al 1996), eventually enhanced risk of soil erosion (Ruf 1982, Cernusca
1996), soil acidification (Gisi 1981) or degradation of esthetic landscape diversity (Krippendorf 1984).
Land abandonment is widely explained by farm exits and by farm labour migration, leading to the political conclusion that, through preventing farmer migration, land abandonment might be stopped. The argument is often stressed
to legitimate general income support to the farm sector. Based on theoretical reasoning and on empirical indications we suggest that this widely accepted hypothesis, which postulates a direct relation between number and size

1

See also reviews in Moos and Herot 1979, Häberli and Bebi 1992 or in MacDonald et al 2000.
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of farms and land abandonment, is over-simplifying and the political conclusions are therefore partly misleading.
This can be illustrated already on the aggregate level:
−

In Switzerland, forest expansion is a phenomenon typical for mountain areas, whereas the rate of farm exits in
the mountain areas between 1955 and 1990 was not higher, but lower compared to the plain (Baur 1999).

−

In the canton Jura we find few and on average large farms (JU: 29,7 ha, CH: 13,8 ha; 1997). Still, according to
the Swiss National Forest Inventory (SNFI) the forest area increased only slightly (+1,6% between 1982/86
and 1993/95), and following the Areal Statistics (AS) the forested area even decreased (-1% between 1979/85
and 1992/97).

−

In the canton Valais we find many and on average small farms (VS: 5,8 ha; 1997). Neve rtheless, the forest area
clearly increased (+5,6% according to the SNFI and 2,2% according to AS).

Up to now we lack a quantitative analysis of the relative importance of different bio-physical and socio-economic
causes to explain forest expansion in the Swiss Alps, mainly because the necessary data were not available. Since
the data base significantly improved during the last decade (recent completion of the second Swiss National Forest
Inventory and of the second Areal Statistics), a quantitative analysis has become feasible.
Given the political aim to maintain a high percentage of open landscapes in the Alps, it is important to improve our
understanding of the bio-physical and socio-economic reasons of forest expansion. Our general research question
that will be examined during the span of the proposed project is:
How can we explain the pattern of land abandonment and forest expansion during the last decades with
the help of newly available large quantitative datasets?
The objective of this project is thus to identify, to disentangle and to quantify the relevant patterns and causeeffect relationships of land abandonment and forest expansion and to interpret and evaluate them from an economic perspective.

In detail, we distinguish the following partial aims:
1. Theoretical deduction of hypotheses to explain forest expansion with an emphasis on structural change in
agriculture.
2. Spatial statistical analysis of extensive existing data bases and of ae rial photo series.
3. Empirical estimation of models to explain forest expansion (testing hypotheses, pattern recognition and quantification) based on the same data bases.
4. Economic interpretation and evaluation of the results.
5. Political conclusions concerning the institutional setting and the design of measures to maintain open landscapes.

2.3.2 Explaining land abandonment and forest expansion
Hypotheses about the causes of forest expansion are derived from contemporary concepts in agricultural economics and in vegetation dynamics: Forests expands on abandoned land (vegetation dynamics) and abandoned land is
the result of a production or rather a non-production decision (agricultural economics). Figure 1 illustrates our
theoretical framework to explain land abandonment and forest expansion.

Forest expansion

Land
abandonment
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Figure 1

3

Explaining land abandonment and forest expansion (explanation in the text)

In our simplified system analysis, we distinguish five elements (bio-physical causes, socio-economic causes,
structural change in agriculture, land abandonment, forest expansion) and seven relations. Relation 1 and 7 are
discussed on the basis of concepts of vegetation dynamics. Reasoning about relation 2, 3, 4, 5, and 6 is based on
production and location theory (eg Henrichsmeyer and Witzke 1991, Brandes et al 1997), on agricultural hous ehold models (Witzke 1993, cf Baur 1999), and on a general economic model of human behaviour (Frey 1992).
Every relation corresponds to a research question. The following working hypotheses are not complete but they
illustrate the theoretical framework.

Relation 1: How do bio-physical causes influence forest expansion?
Forest expansion and most of all the speed of forest expansion varies significantly and in a predictable way across
multiple gradients of biophysical site factors and land use history. For example we expect forest expansion to be
faster:
−
in lower elevations
−
where summer precipitation is high
−
where snow free season is long
−
where soil humidity is intermediary
−
within a certain distance (depending of tree species) of mature trees
−
where ungulate grazing pressure is not extreme
−
where no stable, intermediary vegetation stage (e.g. dwarf shrubs) develop.
Relation 2: How do bio-physical causes influence land abandonment?
Bio-physical conditions influence benefits (yields) and costs (labour, capital) of land-use. The expected benefit of
land-use depends on the yield potential. Ceteris paribus (c.p.)2 the probability of land abandonment increases with
diminishing yield potential:
−
with the altitude of a parcel

2
All hypotheses deduced from economic models underly the ceteris paribus-clause (c.p.): They postulate an effect assuming that all other conditions remain unchanged (cf Brandes et al 1997).
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−

on parcels with unfavourable soils (poor soils, wet soils)
on extremly exposed parcels (south facing slopes, shadow)
−
in extreme climates (irregular precipitation) or where natural hazards return regularly (snow avalanches, mudslides).
The expected costs of land-use depend on the labour and capital requirements. Thus, c.p. the probability of land
abandonment increases with the labour and capital requirements of land use:
−
on parcels with unfavourable topography (steep slopes, irregular terrain) which renders use of machines difficult or demands expensive investments or even prevents mechanisation
−
on parcels which are not easily accessible by motor vehicles or not developped at all
−
on distant parcels
−
on small parcels.
−

⇒ In summary, we expect land abandonment on parcels where bio-physical conditions, in particular topography,
are unfavourable.
Relation 3: How do bio-physical causes influence structural change in agriculture?
The probability to close down the farm increases when the farm income potential is low. Since bio-physical causes
3
have an impact on the income potential (benefits and costs of land use), they also influence structural change. C.p.
the probability to close down the farm is increased with decreasing income potential,
on farms where yield potential is low:
−
high altitude a.s.l.
−
large percentage of unfavourable soils (see above)
−
large percentage of extremly exposed parcels (see above)
−
sites with extreme climates (irregular precipitation) or where natural hazards return regularly (see above)
and on farms where costs are high:
large percentage of unfavourable topography
−
large percentage of parcels which are not easily accessible by motovehicles or not developed at all
−
large percentage of distant parcels
−
large percentage of small and scattered parcels
−

⇒ In summary, we expect less and larger farms where income potential is restricted because of unfavourable biophysical conditions.
Relation 4: How do socio-economic causes influence structural change in agriculture?
The term socio-economic relates to a variety of factors, which we subdivide into causes relating to economy, infrastructure, and to the institutional setting.
Economical causes
We take the same starting point as in the preceding section. With increasing farm income potential the probability
to close down the farm decreases. Since socio-economic causes have an impact on the income potential (benefits
and costs of land use), they influence structural change as well. C.p. the probability to close down the farm increases with decreasing income potential:
−
with sinking prices for agricultural products
−
with increasing opportunity costs of labour (when opportunities are at hand to invest labour more profitably in
an off farm job, opportunity costs of labour are high).

3

Structural change is defined as a decrease in the number of farms and farm labour, and as growth of the average farm size in hectares.
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On the one hand, opportunity costs depend on exogenous factors. They increase with a positive economic deve lopment:
−
with growth of wages
−
with growth of employment possibilities.
On the other hand, opportunity costs are also dependent on endogenous factors.
−
They increase with education and
−
decrease with age.
Infrastructure
The probability to give up farming depends not only on the income but also on other factors relevant for the ge neral well being. The quality of infrastructure contributes significantly to the quality of life. Our hypothesis says
that the probability to close down the farm increases with sinking infrastructure quality on the spot and in “commuter distance“:
−
with a bad accessibility of the farm
−
with insufficient local road network and public transport facilities (distance to and accessibility of nearby
economic and cultural centers)
−
with few shopping facilities
−
with insufficient or missing schools
−
with missing opportunities for additional off farm income
−
with bad quality of housing (no modern installations).
Institutional setting
The institutional setting determines the individual's possibility set and costs of actions, and therefore also influences the decision to give up farming. C.p. the probability to close down a farm increases with
−
missing opportunities to rent land, for instance because of restrictive regulations (Land-lease Act)
−
impediments for land improvements because of a complicate and small-scale ownership structure.
On the other hand, c.p. the probability that a farm is maintained increases with
−
security of income by guaranteed production quotas and prices, and by getting direct income support linked to
production and land-use activities
−
getting cheap credits and subsidies for renewing housing, constructing modern stables or buying machines.
Combining economic, infrastructural and institutional factors we get different cases, which is illustrated by the
following three examples:
1. We expect less and larger farms where
−
agriculture income potential is low and
−
off farm income potential is high
and where at the same time
−
local infrastructure is sufficient and
−
institutional setting facilitates the development of conditions which allow a rational cultivation of land.
2.

We expect more and smaller farms where
−
agriculture income potential is low and
−
off farm income potential is not high but exists
and where at the same time
−
local infrastructure is sufficient and
−
institutional setting gives income guarantees.

3.

We expect total migration where
−
agriculture income potential is low and
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−

off farm income potential is high
and where at the same time
−
local infrastructure is insufficient and
−
institutional setting hinders the development of conditions which allow a rational cultivation of land.
Relation 5: How do socio-economic causes influence land abandonment?
We take the same starting point as in relation 2; socio-economic causes influence benefits and costs of land-use.
Economical causes
The probability of land abandonment increases with diminishing benefit potential, ie with sinking prices for agricultural products on the one hand, and with increasing labour and capital costs on the other hand. The most relevant
are the opportunity costs of labour: The probability of land abandonment increases the better the opportunities at
hand to invest labour more profitably, eg on nearby parcels, on parcels with a better production potential or in an
off farm job.
Infrastructure
Land-use costs are significantly influenced by infrastructure. The probability of land abandonment increases with
sinking infrastructure quality, in particular when a parcel is not developed to be accessible by motor vehicles.

Institutional setting
The probability of land abandonment increases if improvements of marginal parcels are hindered because of a
complicate and small-scale ownership structure. On the other hand, the probability that the cultivation of a parcel
is maintained increases
−
with getting direct income support linked to minimal land-use
−
if holding land open is linked with benefits which eventually might be realised in the future. For instance benefits from selling land for construction or infrastructure of leisure industrie (skiing etc). Through maintaining
minimal land-use, the irreversible loss of land, due to restrictive Swiss forest legislation, is prevented. Forest
legislation is interpreted as a strong institutional barrier to prevent land abandonment.
⇒ In summary, we expect land abandonment on parcels where opportunity costs of farm labour are high (better
income opportunities on other parcels or off farm), where parcels are not easily accessible, and where the realisation of future benefits is unlikely.
Relation 6: How does structural change in agriculture influence land abandonment?
We do not find theoretical reasons nor empirical evidence for an ultimate causal correlation between the decrease
in the number of farms and land abandonment. We postulate that land abandonment can be explained by the factors
discussed above, and in particular by the labour related variables topography, accessibility of parcels, and by opportunity costs of labour, which depend primarily on local or regional development of employment and wages. Cons equently, land abandonment cannot be prevented by maintaining the number of farms.
⇒ In summary, we do not expect an ultimate cause-effect relationship between the number of farms and land
abandonment.
Relation 7: How does land abandonment influence forest expansion?
Although there may be other factors contributing to the ongoing forest expansion in the Swiss Alps (e.g. afforestations, climatic induced forest expansion near tree line, recovery after natural disturbances), we expect landabandonment to be the most significant factor of forest expansion during the last decades. However, we expect this
contribution to show regional and temporal differences.
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There are different possible pathways of land abandonment, and we expect the speed of forest expansion to be
different according to these pathways: For example we expect forest expansion to be fast, where grazing pressure
was higher in the past, but has decreased in recent years (cf. Dunwiddle 1977). In contrast, where the cessation of
mowing has been replaced by a relatively constant grazing pressure by domestic or wild ungulates, forest expansion will not occur or will be retarded (cf. Schütz et al 2000a).
2.3.3 Methods
Two complementary database-approaches for different spatial and temporal scales will be used to test our hypotheses and to analyze and model the causes of land abandonment and forest expansion: total area approach (TAA;
section 2.3.3.1) and repeated aerial photograph-approach in selected areas (RAPAS; section 2.3.3.2). While the
main advantage of the TAA lies in the large representative datasets covering the whole Alps, RAPAS allows us to
inve stigate forest expansion in selected case study areas with a higher spatial resolution and over a longer time
period.
When operationalizing the theoretical framework for quantitative analysis, described in the previous section 2.3.2,
we have to consider the different foci of the TAA and the RAPAS. In the TAA we test our hypotheses by analysing
regional patterns. Therefore we need only conside ring data which vary regionally (eg topography- or infrastructure-related data), but not data that are equal in all regions as for instance prices of agricultural products or direct
income payments. In the RAPAS by contrast, all variables which change over time have to be included, and consequently also data on development of prices or introduction of direct income payments.
Further, we have to take into account considerable time lags between the causes of land abandonment and effective
land abandonment, as well as between land abandonment and measured forest expansion.

2.3.3.1 Total area approach (TAA)
In this approach we use data sets covering the complete area of the Swiss Alps. These data sets include spatially
extended data on forest expansion (dependent variables), as well as spatially explicit socio-economic and biophysical explanatory variables. The following list is not complete but it illustrates the methodical approach.
Available databases
The response (dependent) variable “forest expansion” is available in three different entities, allowing three different approaches to derive the de pendent variable:
1. Data of the first and the second Swiss Areal Statistics (AS), completed in 1979/85 and in 1992/97: These are
point data on a hectare raster which are classified into 10 categories of forested areas.
2. Data of the first and the second Swiss National Forest Inventory (SNFI), completed in 1982/86 and in
1993/95: These are point data on a kilometer raster (first SNFI) and on a 1.4-kilometer raster (second SNFI)
which include various attributes such as forest cover, development stage, basal area, dominant height, tree species, regeneration, etc.
3. Data of forest cover maps (FCM) prepared in 1 950, 1970 and 1990: These data are taken from topographic
maps and from the digital landscape model of Switzerland (Vector25, Swiss Federal Office of Topography).
The explanatory (independent) variables are derived from the following sources:
Bio-physical explanatory variables
25m-digital elevation model (DHM25, Swiss Federal Office of Topography).
−
Maps of climatic variables are generated by using data from meteorological recordings and the DHM25 to
spatially interpolate the climatic data (cf Zimmermann and Kienast 1999)
−
Edaphic data (soil type, nutrient availability, soil water capacity) are taken from hydrogeological and geotechnical maps (Swiss Geotechnical Commission, Institute of Cartography ETHZ).
−
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Socio-economic explanatory variables
We aim at choosing few but relevant indicator variables, that potentially allow international comparability, eg:
From annual labour statistics we draw conclusions about the local labour market development and non-farm
labour opportunities.
−
From commuter statistics we derive labour mobility (decennial population census).
−
Development of population informs about the per saldo migration (decennial population census).
−
The network of communications is an important aspect of infrastructure (digital since 1970).
−
From farm census data (1955, 1965, 1969, 1975, 1980, 1985, 1990, 1996, 2000) we can derive structure of
the farm sector and dynamics of change.
−

In selecting socio-economic variables, we rely as far as possible on existing analyses of socio-economic deve lopment in Switzerland, and in particular in the Swiss Alps (eg NRP “Regional problems in Switzerland”, Bätzing et
al 1995, ORL 1995, ORL 1998).
Among the socio-economic explanatory variables we also list data about former cultivation, such as
−
Data about land use in 1951 (“Kulturlandkarte Schweiz 1951”; mentionned by Haefner and Günter 1984) or
−
Data about the development and suitability of sites for agricultural production (“Zonen Viehwirtschaftskataster”)
Previous prognoses of land abandonment
Further, we intend to compare previous prognoses of land abandonment with recent data on forest expansion:
Map with grouping of mountain regions with respect to the tendency of land abandonment (Moos and Herot
1973)
−
Map with 5 classes of land menaced by land abandonment (Surber et al 1978).
−

Preparation of the datasets
The first two datasets of the dependent variable (SNFI- and AS inventory data) are point data. We use a Geographical Information System (GIS) to intersect these inventory point data with polygon data layers (eg edaphic data,
socio-economic data per municipality) and with raster based data (eg DHM25, climatical data). All relevant variable-attributes of the intersected polygon and raster-data are then added to the inventory data sets of forest cover.
In the last approach, where we intend to use data of forest cover maps (FCM) to calculate area changes within the
Swiss Alps since 1950, the forest area will be extracted with vectorizing techniques from scanned topographic
maps, delivering vectorised forest data for three time slices since 1950. Polygon comparisons based on graph
representation will allow to model the forest expansion over time. This is the most promising approach in terms of
length of the time span of forest expansion and of available spatial accuracy, but methodically also the most challenging approach, in particular concerning automatic extraction of data.
Using the FCM datasets and other bio-physical data (eg soil type maps), rather different delineation techniques
can be applied (Alesheikh 1996, Devine 1994). Forest covers are derived by direct delineat ion in aerial photographs, whereas data from the first and second SNFI are based on terrestrial point measurements (Brassel and
Brändli1999). The Swiss AS uses another classification method based on photointerpretation (BSF 1999).
When comparing digital forest data, the problem of emerging sliver polygon arises (Edwards 1994). The traditional visual comparison of transparency prints allowed a slight disagreement between similar boundaries. Within
the GIS, we need accuracy criterias to discriminate between fuzzy area oscillations and real forest expansion. The
idea of boundary fuzziness has been developed by several authors (Goodchild 1989, Openshaw 1989) for characterizing digitizing errors. The older epsilon-band method assumes a single global bandwidth, whereas other authors suggest variable bandwith methods (Edwards 1994).
A buffered line accuracy for each dataset is necessary to properly model the unsharpness of the data. Comparing
polygon accuracy will be an important aspect in our total area approach (Caspary 1992, Dutton 1992, Power
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2001), because inhomogeneous spatial and time resolutions have to be normalized. The point-in-polygon problem
has been addressed by several algorithms. One of the newer apro aches uses a probabilistic model with two different phases during comparison. In the first phase, it is decided if the point is inside, outside or on the boundary; in
the second phase, it is determined in which uncertainty range the point falls (Alesheikh 1996). This boundary
model is assumed to be appropriate for all point and vector data which are used in the project.
Modeling approaches
The prepared datasets of forest-cover data (dependent variable) and of bio-physical and socio-economic explanatory var iables are analysed:
–

by testing and empirically estimating our hypotheses on land abandonment and forest expansion (chapter
2.3.2.).

–

by recognizing and quantifying relevant patterns and cause-effect relationships of land abandonment and forest
expansion using different multivariate modeling approaches.

In our modeling approach we rely on the theory of complex phenomena (Hayek 1961/1972, cf Baur 1999). The
star ting point of Hayek’s reflections is the realistion of the omnipresence of incomplete information. With increasing complexity of a phenomenon, also uncertainty grows. From this correlation results the postulate to explicitly consider uncertainty in building theories and in empirical research. Scientific theories have to be adapted
to the phenomenon investigated. According to Hayek, social pheonomena are always complex and thus, general
patterns are all we can expect to find. Acknowledging the complexity of land abandonment and forest expansion,
where bio-physical and socio-economic factors are involved, means that in our project we are primarily interested
to recognize patterns of land abandonment and forest expansion.
To test our hypotheses we select a sample set of inventory points where forest expansion has occurred between
two inventories and compare them with an appropriate control sample (no forest in both inventories). The approach
to test our hypothesis depends on the operationalisation of the theoretical framework. However, as the dependent
variable (forest expansion – no forest expansion) is binary in most cases, we will mainly use multivariate logistic
models (cf Franklin 1995). To test the effect of single explanatory variables we will use univariate logistic models
for continuous explanatory variables and chi-square contingency tables for binary or categorical explanatory variables. Depending on the hypothesis, we will for some analysis stratify the study area before (eg different geographical regions (Elsasser 1994), different elevation strata).
Beside these modeling procedures to test our specific hypotheses, we will explore the data with further multivar iate statistical analyses to find relevant patterns and cause-effect relationships between variables which might not
have been fully considered in the hypotheses. To this end we enlarge the set of explanatory variables and perform
univariate statistical analysis with all available explanatory variables. The explanatory variables with a significant
effect on forest expansion in the univariate tests will then be considered for multivariate analysis. Beside logistic
models we will also use classification and regression trees (CART), an exploratory, machine -learning approach to
identify patterns of forest expansion. The advantage of classification trees is that, in contrast to logistic models,
they can determine relationships between forest expansion and explanatory variables, where the relationships is
dependent on other explanatory variables (Franklin 1995).
The datasets of the inventory data (SNFI and AS) provide spatially separated sampling points and are relatively easy
to handle, because the underlying statistical assumptions fit to the proposed modeling techniques. By contrast, the
data acquired from forest cover maps and overlayed with explanatory polygon- or raster data (eg topographic
maps) require rather different techniques. We will consider different approaches for data analysis with vectorized
forest cover data:
−

Changes in forest cover are analyzed for each time step on the aggregation level, the socio-economic explanatory variable is available (eg municipality). We then summarise forest expansion (or decrease) for each ag-
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gregated unit, using regression models to analyse the effect of different explanatory variables (cf Brown et al
1996).
−

We plot forest cover expansion vs different explanatory variables and use overlay techniques (eg Brito et al
1999) and Cole’ s coefficient (eg Rebertus et al 1997) to quantify the level of association.

−

Forest cover polygons of each time step will be converted into a raster based format and overlayed with explanatory bio-physical and socio-economic raster data (eg DHM25). We will then choose an appropriate sample of non adjacent raster cells (to reduce the effect of spatial autocorrelation) and perform the statistical
analysis on the level of these sample cells (cf Pereira et Itami 1991, Brito et al 1999).

The modeling procedures described in this section will be validated with the help of a sample set, which has not
been previously used for the model development.

2.3.3.2 Repeated aerial photograph-approach in selected areas (RAPAS)
Study areas and database
In coordination with other NFP 48 projects and with other ongoing partner projects, we select two or three well
documented areas for the repeated aerial photograph-approach. The main condition for the se potential study areas
will be the availability of high quality aerial photographs and/or additional terrestrial photographs.
Potential study areas for RAPAS are:
-

The landscape Davos, where high quality aerial photographs time series exists since 1930 (time serie includes
at least 1930, 1956, 1960, 1981, 1989, 1997) and have already been analysed and/or georectified for different
research projects (Haefner 1963, Günther 1985, Bebi 2001). Beside these aerial photographs, for the Landscape Davos exists a large amount of terrestrial photos originating from about 1870 to 1930, which served already for long time series of forest change (Bebi 2000). Case study area in the Landschaft Davos would also
provide synergies with available data on land-use history (MAB6-project Günther, 1985) and with other NRP
48-projects (eg the project “Vulnerability of the Alpine Habitat and Landscape”; project leader Peter Bebi).

-

Areas where in previous studies in the 1970s and 1980s land abandonment and its unde rlying causes have already been mapped and discussed. Examples of such areas are the lower Engadin, the Schanfigg, the area
around Trun (Vorderrheintal), the Centovally, Chandolin, Ayent and the Val d’Hérens, which have all been investigated by Surber et al (1979) and Walther and Julen (1986). First of all, the latter study which investigated
forest expansion between 1950 and 1980 would provide a favorable basis for longer time series with more
comprehensive analysis techniques.

-

The Malcantone (Ticino) where repeated aerial photograph exist and have already been used to study forest
succession in combination with dendroecological methods (Lischer 1998).

-

Study areas, which will be investigated during our partner WSL-projects “Forest structures in Swiss forests
since 1880” and “The pine-forests in the canton Wallis – a landscape element changes”. Both projects have
just started and only a pilot study area in the canton Wallis has yet been determined.

Data survey and analysis
Changes in forest cover will be surveyed with interpretation of repeated aerial photographs and with additional old
terrestrial photographs. Photointerpetation and georectification of aerial photographs since 1930 will be made
similar to the approach of Bebi (2000), except that the focus will be less on the differentiation of different structure types, but more on a comprehe nsible assessement of forest – non-forest categories (cf Mast et al 1997).
Dependent on the quality of the aerial photographs and the differences in different time steps, we will also consider automated methods to increase the objectivity of the forest – non-forest determination (cf Bebi et al 2001,
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Mast et al 1997). We aim at surveying the aerial photographs for three different time steps (old survey before
1940, intermediate survey in the 1960s and a modern survey after 1995). While a verification of the modern aerial
photographs will be made by field surveys, a verification of earlier time steps is more difficult but will be made
with the help of old terrestrial photographs (cf Bebi 2000) and (in some specific reference plots) with dendroecological field methods (eg Veblen et al 1994, Lischer 1998).
Old terrestrial photographs since 1880 will also be used to expand the time series of aerial photographs beyond
the 1930s. Here, we will closely co-operate with Christian Ginzler (remote sensing, WSL; see letter of intent),
who is currently developing methods for a spatially accurate interpretation of terrestrial photos. Methods to ge orectify terrestrial photos have already been developed for modern time series and successfully applied in landscape development studies (eg Aschenwald et al 2001), and adaptations of such methods for historical photographs are currently in progress within the above mentioned WSL projects.
We will eventually verify and complement the interpretation of terrestrial photos with dendroecological techniques: In selected reference plots, where forest expansion has occurred and where the database requires a closer
analysis of tree growth pattern, we extract increment core samples at a coring height of less then 20 cm and reconstruct age structure and growth pattern of the invaded trees using standard dendroecological techniques (cf Stokes
and Smiley 1968, Veblen et al 1994, Schweingruber 1996).
To derive the bio-physical and socio-economic explanatory variables we take advantage of the same sources as in
the total area approach. But here, we also use spatially more detailed vari ables on the level of individual farms.
Where necessary, we complement these data with local surveys. In preparing and conducting the survey, we will
work together with social scientists (see letter of intent by Dr. Marcel Hunziker/WSL). Further, following the
approach of Wear and Bolstad (1998) we will also create appropriate distance dependent variables (for instance
distance to closest road, distance to correspondent farm buildings, distance to closest village center) and add them
to the data base. In contrast to the study of Wear and Bolstad (1998), most of these data have not to be digitized
from aerial photo interpretation because they are already available in a digitized format (BSF 1993).
The approach of data analysis and modeling will be comparable to the total area approach for vectorised data. The
data layers used in this approach will be implemented in a raster based GIS and an appropriate sample of rastercells will be used to develop statistical analysis and models (cf Chapter 2.3.3.1). The RAPAS-approach will thus
enable us to analyse and discuss models of forest expansions on a more detailed spatial and temporal scale. For
instance, models and validated hypothesis to explain forest expansion from TAA will be tested and discussed in the
case study areas of the RAPAS under consideration of a larger variety of possible explanatory variables. The combination of statistical analysis with a detailed reconstruction of socio-economic boundary conditions (eg derived
from local surveys) and ecological data (derived from long term photo series and tree ring analysis) will enable us
to explain land abandonment and forest expanision and its underlying causes in a more holistic way.
The RAPAS-approach will also allow us to address additional questions of political relevance.
−

In contrast to the TAA, RAPAS enables us to investigate not only forest expansion but also land abandonment.

−

Consequently, the impacts of the direct income payments, introduced in 1979, on abandonment of land can be
analysed.

−

Further, an assessment of the first effects of the new Swiss agricultural policy, that started in 1993, becomes
4
feasible. Through this policy reform the value of marginal land has been significantly increased, and we expect an impact on land abandonment (recultivation of abandoned land, prevention of land abandonment).

4

The primary focus of the reforms has been to partially decouple price and income policies. To this end, general direct income payments were
introduced which are designed as facto r subsidies for land or animals and are subject to farmer’s compliance with environmental regulations.
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2.3.4 Structure of the project: Workpackages and tasks
The project is structured in 5 workpackages (WP) and 12 tasks:
Workpackage 1: Theoretical framework, hypotheses and conception for operationalization
−

Task 1: theoretical framework and hypotheses to explain land abandonment and elaboration of a conception
for operationalization of the model (selection of variables)

−

Task 2: theoretical framework and hypotheses to explain vegetation dynamics on abandoned land and elaboration of a conception for operationalization of the model (selection of variables)

Workpackage 2: Total area approach (TAA)
−

Task 3: preparation of forest expansion data (dependent variable)

−

Task 4: preparation of database of explanatory data (secondary data)

−

Task 5: quantitative analysis

Workpackage 3: Repeated aerial photograph approach in selected areas (RAPAS)
−

Task 6: preparation of land abandonment and of forest expansion data (dependent variable)

−

Task 7: preparation of database of explanatory data (secondary and primary data/survey)

−

Task 8: quantitative analysis

Workpackage 4: Implementation
−

Task 9: journalistic accompaniment of the research project

−

Task 10: publishing activities

Workpackage 5: Synthesis
−

Task 11: discussion and interpretation of the results

−

Task 12: political conclusions
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2.4 Timetable for the main project [40]
Table 1 gives a provisional timeframe for the project organization, and table 2 an overview of the responsibilities
and the asssignment of labour force.
Table 1

Timeframe and project organization

Workpackages (WP), tasks (T)

Year 1

and products (P)

I

II

III

Year 2
IV

I

II

III

Year 3
IV

I

II

III

IV

WP1: Theoretical framework etc
−

T1: explaining land abandonment

−

T2: explaining forest expansion

à

P1: Hypotheses, concept for operational.

WP2: Total area approach (TAA)
−

T3: forest expansion data

−

T4: explanatory variables

−

T5: quantitative analysis

à

P2: Final database

à

P3: relevant patterns/cause-effect rel.

WP3: Selected area approach (RAPAS)
−

T6: forest expansion data

−

T7: explanatory variables/survey

−

T8: quantitative analysis

à

P4: Selection of areas

à

P5: Final database

à

P6: relevant patterns/cause-effect rel.

WP4: Implementation
−

T9: journalistic accompaniment

−

T10: publishing activities

à

P7: brochure for inst.bodies,stakeho lders

à

P8: scientific publications

WP5: Synthesis
−

T11: discussion and interpretation

−

T12: political conclusions

à

P9: provisional results (for workshop)

à

P10: workshop with network platform

à

P11: final report

Table 2

Responsibilities and assignment of labour force

Applicant /

WP1:

WP2:

WP3:

WP4:

WP5:

PhD student

Hypotheses

TAA

RAPAS

Implement.

Synthesis

T1
Dr. P. Baur (20%)

T2

T3

R

Dr. P. Bebi (20%)

T4

T5

R

A

R

Dr. R. Boesch (20%)

R
R

R

CA

CA

CA

T7

T8

T9

T10

R

A

R

R

R

R

R

R

R

A

A

R

A

A

CA

CA

CA

R

Dipl. Ing.ETH C. Schreiber (500h)
PhD student (NN) (100%)

T6

CA

A

CA

CA

A

T11

T12
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PhD student (NN) (100%)
R Responsible

CA
A Assistance

CA

CA

CA

A

CA

CA

CA

CA Conducting analysis

3. Implementation plan
3.1 Previous attainments in the field of the transfer of knowledge and technology
[41]
Priska Baur, main applicant
Priska Baur has acquired experiences in research on mandate, such as a study on economy and ecology of agriculture in the canton Zurich (Baur et al 1995) or a study about the longterm development of agriculture in Sudtirol
(Baur et al 1999). The Zurich-study was used as basis for the cantonal strategy in agricultural policy (“Leitbild
Zürcher Landwirtschaft”). The Sudtirol-study was presented in January 2000 at a press conference and incited vivid
discussions among the stakeholders.
Further, she has been a member of advisory groups, such as the “Committee on Economics” of the Swiss Association for Environment (1994-1997) or the committee “Modeling participation in governmental programmes to
promote biodiversity in agriculture” (1999-2001) which resulted in products (a publication on trade and ecology,
Minsch and Baur et al 1995; a model to simulate different political strategies to promote biodiversity,
http://www.ag.ch/natur2001).
She published the results of her research on structural change and on ecological-economic analyses of Swiss agricultural policy in agricultural journals in Switzerland (Baur 1995, Baur 1998, Baur 1999, Baur 2000a, Baur 2000b)
and presented them in national and international (Baur 2000c, Baur 2000d, Baur 2001) colloques and conferences.
On initiative of her PhD advisor Prof. Dr. Peter Rieder, she sent her thesis to a broad public, such as the Federal
Office of Agriculture (FOA), the Swiss Association of Farmers, and other NGOs and stakeholders in agriculture.
As a result, in 2000, she was invited by the director of the FOA to present her results about the structural effects
of Swiss agricultural policy.
Finally, Priska Baur discussed her research with her students (1992-1998, lectures on environmental economics,
Department of Food and Agricultural Sciences, ETH Zurich), and between 1989 and 1998, she accompanied and
initiated numerous seminar, semester and diploma works.
Peter Bebi, co-applicant
Peter Bebi grew up on a mountain farm in the Swiss Alps on an altitude of 1700 m. a. s. l. The practical dealing
with questions of land abandonment and its consequences is thus a part of his life since his youth. In his professional life, Peter Bebi has written several articles in management- and implementation orientated regional, national
and international journals (eg Bebi, 2000, Bebi 2001, Bebi et al 2001, Frey and Bebi 2000, Mayer and Bebi
1999). He was also actively involve d in implementation projects of the SLF Davos (eg Amman et al 2000) as well
as in the preparation and realisation of conferences (Bebi and Stöckli 2000, Bebi and Brang 2000) and of field
courses in alpine ecology.
Ruedi Boesch, co-applicant
Ruedi Boesch has contributed several articles in the fields of bioacoustics, image processing and feature extraction (Boesch 1996, Boesch 1998, Obrist and Boesch et al 1998), which also have been implemented successfully
as software packages: 1. Batit, a software package for recording, filtering and pattern matching of ultrasonic signals (Bioacoustic Taxon Identification Tool,
http://www.wsl.ch/land/biodiversity/PRODUCTS/batit/acoustbatid.html). 2. Stapler, an image extraction tool for
ArcINFO image catalogs (http://www.wsl.ch/relics/ rauminf/data/ GIS/raster/pixelkarten/stapler.html).
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3.2 Planned activities [42]
Addressing institutional bodies and stakeholders at the local and the national level
We want to contribute to an improved decision basis for judging the necessity of political intervention to maintain
open landscapes, for the appropriate institutional setting and for de signing target oriented measures. Consequently,
the adressates of our research are institutional bodies on all three political levels, the Federation, the cantons and
the municipalities. Important addressates on the Federal level are the Federal Office of Environment, Forest and
landscape and the Federal Office of agriculture. Further interested stakeholders are NGOs in the fields of natureand landscape, agriculture, etc.
In particular we plan three activities (see offer of Dipl. Ing. ETH C. Schreiber in Appendix 5):
−

In the case study regions, where we conduct the repeated aerial photograph-analysis, we intend to inform regularly about the progress of the project in local print medias.

−

Additionally, the final result will be worked up in selected print medias with national dissemination. The
preparation contains further local investigations from a journalistic perspective (interviews with landowners,
tourism responsibles, farmers, foresters, administrators, etc).

−

As final product a brochure will be prepared, which contains the most important results relevant for action, and
which is written explicitly for a non-scientific public.

Transdisciplinary moduls
There are two transdisciplinary moduls in the project:
−

The survey of socio-economic data for the repeated aerial photograph-approach requires local knowledge and
therefore a close cooperation with local stakeholders. Local stakeholders shall be informed in advance, who is
going to conduct a research project in their municipality/region and with which intentions. Hence, motivated
individuals get the chance to participate in the project by bringing in their knowledge and opinion.

−

We are going to organize a workshop with the NRP 48 network platform and other stakeholders from different
institutional levels and NGOs to discuss the provisional results of the project, in particular the economic interpretation and political conclusions. The results of this workshop will influence the second round of model
estimations and simulations and will be included in the final report.

Making results available on the Web
We plan to publish the results of the project in a Web-based extension similar to other packages, which have been
implemented at the Swiss Federal Research Institute WSL (http:// www.wsl.ch/products/welcome -en.ehtml).
Scientific publications
We intend to publish in national and international, disciplinary and interdisciplinary journals (in english as well as
german), such as:
−
German journals: Agrarwirtschaft, GAIA, Zeitschrift für Umweltpolitik, etc
−
English: Ecosystems, Mountain Research and Development, European Review of Agricultural Economics,
Land Economics, Journal of Environmental Economics and Management, International Journal of Geographic
Informations Systems, Photogrammetric Engineering and Remote Sensing, etc
International policy level
The results may also be of international relevance (eg Convention of the Alps, Rio 1992 / Index 13 on Sustainable
Development of Mountain Areas) and will be presented at international conferences.
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In the implementation activities the project will be supported by the WSL extension service (Dr. W. Spillmann, Dr.
M. Roux).

3.3 Timetable [43]
The implementation activities will be continued after finishing the project. Table 3 gives a provisional timetable.
Table 3
(year 4)

Timetable for the implementation activities during the projects and after the official end of the project

Year 1
I

II

III

Year 2
IV

I

II

III

Year 3
IV

I

II

III

Year 4
IV

I

II

III

IV

Addressing institutional bodies and stakeholders at the
local and national level
−

Information about the research progress

−

Journalistic working up of final results

−

Brochure for stakeholder

Transdisciplinary moduls
−

Information of local stakeholders, survey

−

Workshop with NRP 48 network platform

Making results available on the Web
−

publishing project results (maps, data, etc)

Contributions to the scientific community
−

publications in div. journals

−

presentations at international confere nces

4. Significance of the planned work
4.1 Scientific significance [44]
In a highly interdisciplinary project we link the disciplines agricultural economics, vegetation dynamics, and spatial modeling to explain and model land abandonment and forest expansion. The scientific significance concerns
empirical findings, methodical experiences and potential use for future applications:
−

The combined use of newly available large data sources and recent developed analyse techniques will provide
new insights into the relevant driving forces of forest expansion and will improve our knowledge about structural change of agriculture in the Swiss Alps. The extended time series of forest expansion for the last 50
years will supply a valuable complement to the two existing national forest inventories.

−

While former studies on land use history and forest expansion are mainly based on single case studies in ge ographically limited areas, the large datasets on forest expansion will provide insights in vegetation dynamic
patterns across multiple gradients of bio-physical site factors and land use history.

−

Prognoses of land abandonment and forest expansion which have already been developed in the 1970s (Moos
and Herot 1973, Surber et al 1973, 1978) can be empirically tested for the first time.

−

Our modeling approaches, which combine socio-economic and bio-physical data on different spatial and temporal scales, will contribute to the field of applied spatial statistical modeling, and in particular to data integration issues which are of growing importance in many fields of interdisciplinary ecosystem research.

−

Our models, derived and estimated in this study with extensive data sets of the last de cades build a basis for
spatial forecasting models of forest expansion and to simulate spatially explicit scenarios of future land-use
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(cf Wear and Bolstad 1998). The project may thus provide contributions to other NFP 48 projects, whe re future landscape scenarios are developed. The quantitative models on forest expansion could be directly implemented for instance in the modeling framework of the NRP 48 project “Vulnerability of Alpine Landscape and
Habitat: Simulation of future landscapes and development of support tools for regional decision making“ (project Bebi), and would also provide a solid empirical base for NRP 48 projects where scenarios of future landscapes are visualized (eg Project Schmid) or used for further analysis (eg project Hunziker).

4.2 Social and economic significance [45]
The project will give further evidence if forest expansion because of land abandonment is relevant in Switzerland.
Further, the project will enable us to localise sites in the Swiss Alps where land abandonment and forest expansion
could be a problem. In addition, it enhances the understanding of the underlying cause-effect relationships between
forest expansion and its bio-physical and socio-economic causes. By making these drivers trans parent, the project
contri-butes to an improved decision basis for a rational policy. As sessing the relevance of structural change in
agriculture allows to evaluate effectiveness and efficiency of agricultural policy with respect to maintain open
landscapes in the Alps. In addition, the project gives first empirical indications about the impact of the new agricultural policy in Switzerland (since 1993) on the cultivation of marginal lands.
The expected findings may have important implications for policy design: As bio-physical and socio-economic
conditions vary widely within the Alps, centrally planned policy measures hardly correspond with local biophysical and socio-economic characteristics. The necessary knowledge for designing target-oriented and efficient
measures to avoid land abandonment and forest expansion, where it might be indicated (natural hazards, biodiversity, tourism, etc), is to be found at the local level. This would suggest a shift of competences, finances and respons ibilities from the Federal level to the cantons and municipalities. Such consequences for the institutional
setting in direction of a partial regionalisation of agricultural policy show many similarities with the problem of
designing effective and efficient measures to promote biodive rsity in agricultural landscapes (Baur 1998). The
latter might serve as a model for po licy design to prevent land abandonment.
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