Changing Agriculture and Landscape: Ecology, Management and Biodiversity Decline in Anthropogenous Mountain Grassland

Alpine Grassland at the Interface of Biology
and Socioeconomics:
Development of Interdisciplinary Models to Explain
Differences in the Intensities of Use and Management

1. Introduction

Pastures and meadows are the most do-
minant form of agriculture in the Austri-
an Alps. Grassland management (and the
livestock husbandry that goes with it)
plays a key role in the ecology, botany,
environmental protection and rural struc-
ture of mountain areas. There is, how-
ever, also an important socioeconomic
dimension to this land use; grassland
enterprises are a source of employment
and income for farmers. These farmers
add to the security of food supply and
manage the landscape. This allows
others to populate alpine valleys and pro-
vides the basic resource underpinning the
tourist industry.

The following paper has two basic aims.
First, it seeks to introduce economic and
social components to the discussion
about mountain grasslands. Second, it
attempts to build bridges between eco-
nomic and ecological aspects of grassland
use. This leads to the key issue, which is
to see how we can use an interdiscipli-
nary model to explain the often very dif-
ferent intensities of grassland use and
management. This focus on different
land-use intensities reflects the im-
portance for mountain areas of changes
in these intensities. Both over and un-
der-exploitation of grassland can lead to
massive economic or ecological pro-
blems, ranging from soil and water pol-
lution through to afforestation or aban-
donment of large areas of land (see ZA-
NETTI 1999, 14).

The sustainable development of alpine
landscapes and their primary production
units requires a constant process of land-
use optimisation that accounts for both
economic and ecological perspectives.
This is an extremely complex task (see

H. K. WYTRZENS

RUBEN et al. 1998). Indeed, such an un-
dertaking is impossible without some
kind of workable model addressing the
interactions between the various factors
that help determine the intensity of use
of grassland.

This paper can be considered a preli-
minary working report in this direc-
tion, as it describes the current posi-
tion in the development of just such a
model. The relevant stages in this de-
velopment process are reflected in the
structure of the paper and essentially
involve finding the answers to the fol-
lowing questions:

© What exactly are we trying to ex-
plain through the use of a model? In
other words, what do we understand
by the terms usage intensity and ma-
nagement intensity?

® How can we measure usage and
management intensity and what are the
key factors leading to differences in
these intensities?

© How can we combine all the indi-
vidual determining factors within a
single explanatory model? Which sci-
entific disciplines can best contribute
to a comprehensive understanding of
the grassland system and how should
such an interdisciplinary endeavour be
organised?

The model being developed has two
basic aims. It should help explain why
the intensity of use and management
of grassland varies so much.

It should also help identify promising
intervention strategies which would al-
low us to guide the use and management
of grassland towards those forms and
intensities most desired by society.

2. Grassland usage
intensity as the core
subject of the research

We first need to clarify the nature of the
phenomenon we are attempting to ob-
serve and explain; we need to define
,.grassland usage intensity*“. We draw on
various elements of environmental plan-
ning theory and the concept of multi-
functional agriculture to generate a fair-
ly specific and robust idea of what this
complicated concept actually means.

As is clear from the literature (see WY-
TRZENS 1994, BRIEMLE and ELSAS-
SER 1997; PEVETZ 1998), agriculture
is not about food production alone. In-
stead, agriculture is now expected to
simultaneously fulfil a range of other
tasks, such as management of landscapes
and ecosystems, waste recycling, and
provision of spatial and recreational re-
sources. This means that agricultural
land is generally expected to serve dif-
ferent purposes simultanecously. In the
language of environmental planners, the
articulation or fulfilment of demands
placed on land simply means the use of
this land (see SPITZER 1975, 1987,
1991). In the context of this research,
use or usage therefore means the ap-
propriation or exploitation of land by
individuals or society in order to satisfy
objective or subjective needs. If pastu-
res or meadows are subject to some in-
dividual or collective wish or need, then
we can talk of ,,grassland use*.

A short, but comprehensive, definition of
the term ,,grassland use* is to describe it
as any direct or indirect use of grassland
in order to satisfy a need.

It is a well-known fact that human needs
and wishes are extremely diverse. The
result is that the type, number and inten-
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sity of demands placed on a particular
unit of grassland can be very different,
leading in turn to very heterogeneous
combinations of uses on any one area.
In order to bring clarity and structure to
the complex of potential needs, the va-
rious uses to which grassland can be put
must be categorised. The research can
then focus on the most common types
of'use. Previous studies have shown that
grassland is (of course) put to agricul-
tural use, followed primarily by uses re-
lated to recreation, water management,
environmental protection and hunting
(see Figure ). For each parcel of land,
our central concept of ,,grassland usage
intensity“ should reflect the extent of the
functions required of this parcel of land.
The level of this intensity depends on the
total number of demands placed on the
land at any one time (i.e. the total num-
ber of simultaneous uses) and the extent
of the ,,claim* made on the land by each
individual use. (see SPITZER 1971, 36)

Agricultural management underpins the
existence of grassland, so the intensity
of this management is also calculated
independent of total (multidisciplinary)
usage intensity (see Figure 1). This ag-
ricultural management intensity acts as
a key factor, creating a connection bet-
ween the plant population and the so-
cioeconomic system. It represents the
degree of economic exploitation of pa-
stures and meadows within the context
of agriculture (see PISTRICH 1999, 8).
The agricultural management intensity
can thus be characterised in terms of
enterprise management theory, as the

ratio between two or more production
factors in the context of a production
process (see STOYKE 1995). In the case
of grassland management intensity then,
a relationship will generally be drawn
between the labour and/or capital used
for basic fodder production and the area
of land used for this production (see
WYTRZENS and MAYER 1998, 27).

This brief overview should have made it
clear just what it is we are trying to ex-
plain scientifically.

3. Grassland management
and usage intensities:
measurement and
influence

The aim is clearly to find explanations
for the different grassland usage inten-
sities observed in mountain regions.
However, these explanations must also
be capable of empirical confirmation.
Accordingly, those methods allowing
quantitative measurement of these uses
(usage intensities) form the basis of the
research. In other words, having defined
the dependent variable ,,grassland usa-
ge intensity”, we need to address the
issue of its measurement.

Uses are quantified through a scoring
model (see FLECK 1985). Given the cur-
rent situation in alpine grassland, the
following grassland uses are taken into
account: water management, recreation,
waste recycling, hunting and shooting,
and military uses (see Table ). Each dif-
ferent type of use is classified according
to its intensity. This classification is ba-

sed on the relevant degree of expression
of specific intensity indicators (e.g. re-
creational use is classified according to
the frequency of such activities as hiking,
skiing, horse riding etc.). The degree of
expression of each indicator is captured
in a rating scale which is inevitably non-
metric in nature.

All the indicator values for any one type
of use are then combined using an in-
tensity matrix (see Figure 2). This ma-
trix is designed such that the intensity
level (category) recorded for a particu-
lar use because of a high rating for some
intensity indicator is not reduced by a
lower value obtained for another inten-
sity indicator relevant to that use.

The intensity levels calculated for each
individual non-agricultural use are then
added together to produce a single mea-
sure which reflects the degree of multi-
ple use of the grassland in question.

The measurement of management inten-
sity follows the same approach in prin-
ciple, though it differs in the detail. This
management intensity is expressed as an
intensity factor, bi. This intensity factor
is calculated using figures for the num-
ber of cuts and grazings (n), the amount
of nitrogen applied each year (d), the
number of mechanical treatments (p),
pesticide use (1) oversowing (yes/no) (u)
and grassland improvement (yes/no) (g).
These individual numeric expressions
are standardised, weighted and then sum-
med to give the overall intensity factor.
The variables ,,number of cuts and gra-
zings* and ,,nitrogen application‘ are gi-

MULTIDIMENSIONAL
INTENSITY OF USE OF
GRASSLAND

/\

NON-AGRICULTURAL AGRICULTURAL
INTENSITY OF USE OF GRASSLAND MANAGEMENT
GRASSLAND € 3 INTENSITY
Intfensity Intensity of use: Intensity of Intensity of Intensity of use: Intensity of
of use: use:
water <€ | environmental | €«—» | use: < | waste <—»| huntingand |<€—»| use:
Imanagement protection recreation recycling shooting military

Figure 1: Multidimensionality of use of grassland
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Table 1: Intensity indicators used to measure the non-agriculture uses of grassland

Type of use Intensity indicators Answer category
never/rarely/ nolyes nonelvery
sometimes/often few/some/many
[01/111/ [0/ [oj/1/
[21/[3] [31/ [21/13]
environmental protection + Management subject to
environmental controls X
» Landscape protection area X
» National park X
« Prevalence of rare plant species X

Prevalence of rare animal species

water management

Important for water supply
Sensitive hydrological area
Water protection area

x

recreation

Frequency of use for hiking
Frequency of use for alpine skiing
Frequency of use for
cross-country skiing

Frequency of use for paragliding
Frequency of use for horse riding

* Frequency ofuse asa
panoramic viewing area X

» Frequency of flower

picking activities
» Aesthetic value

(“admired as a beautiful meadow/pasture”)

waste recycling .

Frequency of application of

(composted) sewage sludge X
» Frequency of application of
composted organic waste

hunting and shooting .
or shooting

Frequency of use for hunting

military use .
military purposes

Frequency of use for

ven a weighting of two, since partial sta-
tistical analysis showed that these two
variables have a dominant influence on
the degree of expression of the overall
intensity factor. The variable ,,mechani-
cal treatments* is also given a weighting
of two, to account for the fact that this
single variable actually represents sever-
al separate management practices, such
as mechanical weed control, rolling etc.
(see MAYER and WYTRZENS 1998).

Empirical measurements of both usage
and management intensities on individu-
al grassland parcels show that there is
considerable variation in the extent of
the demands placed on different areas
of grassland (see PISTRICH et al. 1999).

Intensity level Rating value for indicator y

0 1 2 3

0 0 | Il n
1 | | Il n
2 Il I Il n
3 o

Rating value for
indicator x

Figure 2: Intensity matrix

The key issue is therefore to identify
which of the measured factors (variables)
are most important in determining these
relatively large differences in intensity.
Theoretical considerations based on the
available literature - and the results of
our own pilot surveys - show that a wide
range of factors play a role in determi-
ning the extent of grassland use.

The complex of determinants of usage
and management intensity can be split
into three distinct groups (see MAYER
1997). This division reflects the fact that
grassland units belong to both ecologi-
cal and socioeconomic systems:

* one group covers all those factors re-
lated to the biosphere, such as the pre-
vailing vegetation ecology, pedology,
climate and topography;

* a second group covers economic and
social factors;

» the third group contains those
factors which integrate both biotic /
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ecological and socioeconomic aspects.
Examples include landscape, a healthy
environment or the endangered status
of plant and animal species.

The socioeconomic determinants impact
at different levels (local, regional, inter-
national). The more important global or
overlying socioeconomic determinants
are:

* Macroeconomic situation (e.g. eco-
nomic growth, market situation);

* Legislation (e.g. international trade
agreements or environmental stan-
dards);

» Sociodemographics (e.g. population
growth, top-heavy age distribution);

* Sociocultural factors (e.g. leisure

and consumption habits, environ-
mental awareness).

Key socioeconomic factors impacting at
a regional or field level include:

* Degree of regional orientation
towards tourism;

* Settlement density;
* Location and accessibility;

* Enterprise-level factors (land area,
livestock numbers, milk quota,
mountain farming zone etc.).

There are therefore a number of factors
which impact on individual (or all) grass-
land uses, and whose importance varies
from grassland parcel to grassland par-
cel. Their expression ultimately determi-
nes the level of intensity of each indivi-
dual grassland use and the total demand
placed on a grassland area.

4. Model structure and
interdisciplinarity

The above sections have listed and grou-
ped those factors of relevance to the usa-
ge intensity we are trying to explain.
These lists and groups have two impli-
cations for the research:

© they give an indication of the basic
configuration needed in a model that at-
tempts to explain different grassland usa-
ge intensities, and

® they give an indication of the scien-
tific disciplines required for the construc-
tion and differentiation of such a model.

The model clearly needs at least two
main components, i.e. an ecological and
a socioeconomic one (see Figure).
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All ecological factors act as constraints,
regardless of whether these factors are
abiotic or biotic in nature. They deter-
mine which types or intensities of use
are at all possible (see SCHEURER-
LIETZ 1989, 20). In other words, these
factors are the main determinants of the
suitability of a particular grassland area
for addressing particular needs or de-
mands. Their importance is such that
these factors may even preclude a parti-
cular grassland use (unfavourable pedo-
logical and climatic site conditions
might, for example, preclude the use of
the area as a water supply). At the same
time, the actual uses made of grassland
themselves impact on a range of ecolo-
gical parameters, at least in the long term,
with obvious implications for ecosystem
functions and capacities (see OGLE-
THORPE and SANDERSON 1999). In
appropriate circumstances, recreational
activities such as skiing can cause chan-
ges in local plant species diversity, often
limiting the ability of the grassland af-
fected to meet the demands of environ-
mental protection. Our research is not
yet so advanced that we can properly
model these dynamic interactions, but
the ability to model these kinds of inter-
dependencies remains a key objective.

The primary role of the ecological sy-
stem in this research context is therefore
the determination of potential usage. In
a secondary role, the ecological system
is itself changed by those uses that ac-
tually appear in practice. The socioeco-
nomic system then acts on the basic po-
tential determined by these natural con-
ditions - socioeconomics determines
which potential uses will be exploited by
man (and to what extent). An effective
explanatory model must contain ele-
ments which give plausibility to the di-
verse usage decisions faced by partici-
pants in the system. The socioeconomic
component of the model therefore focu-
ses on those factors which have the most
influence on the relevant individual or
collective behaviour or actions of both
farmers and other users of grassland. The
socioeconomic part of the model then
represents the relationships between the-
se determinants of behaviour or action
and the various expressions of grassland
use. Of course the model also has to take
account of the probable existence of
feedback mechanisms between econo-
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mic determinants and both the type and
intensity of actual grassland uses. A
massive increase in grassland manage-
ment intensity, for example, might exert
downward pressure on meat and milk
prices, which in turn might discourage
input use in agriculture.

One of the challenges for model con-
struction is clear from the above discus-
sion, namely the proper treatment of cy-
clic relationships and inter-correlations
between the numerous variables contri-
buting to usage intensity. The coupling
of the ecological and socioeconomic
parts of the model is an equally difficult
challenge (see DENT etal. 1995, JANS-
SEN and GOLDSWORTHY 1996). The
various types of uses found on specific
grassland units would seem to offer
themselves as suitable candidates for
such a connecting role. Grassland uses
therefore act as central connecting points
in the model presented here. At an orga-
nisational level, the individual grassland
units form a common interface which all
surveys must reference, regardless of
whether these surveys are oriented to-
ward the natural sciences or the social
sciences. This interface is also the part
of the model where the bridges between
the different scientific disciplines parti-
cipating in the research have to be built,
in order to ensure the proper integration
of the different contributions to the ex-
planation of usage intensity.

The model structures are presented here
in qualitative, graphical form. This does
not, however, imply that these structures
are not yet capable of mathematical re-
presentation. A graphical presentation is
preferred for a number of reasons:

© didactic considerations (a graphical
visualisation provides more clarity and
a better overview);

® amore mathematical approach would
be beyond the scope of this paper;

© it reflects the current position of the
research. Only a few parts of the outline
model structure are supported by enough
data to allow detailed mathematical re-
presentation based on an empirical ju-
stification.

Continuation and consolidation of the
interdisciplinary cooperation characteri-
stic of the work to date is needed, if the
research is to move forward and continue

to yield useful results (see ISERMEY -
ER 1996). The material presented here
already makes it clear which disciplines
have contributed to the definition and
description of model structure, and
which still have a (or a further) contri-
bution to make.

The continued involvement of experts in
agricultural ecology, particularly agricul-
tural botany, is required. Plant growth is
not only the basis for livestock hus-
bandry, but also a potential resource for
other uses of grassland, such as environ-
mental protection or hunting.

The involvement of geographers is
equally important. Their job is to explain
the connections and relationships bet-
ween grassland and the surrounding ru-
ral structure.

Production technologists are also re-
quired. As intermediaries between the
ecological and socioeconomic systems,
they are in the best position to identify
the technical potential of grassland units.

Finally, agricultural and environmental
economists have an important role to
play as well. They need to address the
social and economic motives or stimuli
behind the human action and behaviour
which impacts on grassland. They also
need to address the socioeconomic
effects of changes in the grassland
ecosystem.

The common goal of all the disciplines
participating in this research should be
to further develop the modelling approa-
ches presented in brief here, in order to
produce results that:

O offer new scientific and theoretical
insights;

® have practical value, providing the
decision-making basis for a more ratio-
nal policy towards grassland areas.

5. Summary
In summary we can say:

© that grassland use and management
involves the close integration of ecolo-
gical and economic phenomena;

® this means that a team of experts
drawn from a range of disciplines is nee-
ded, if grassland use and management is
to be properly analysed;

© that the appearance of differences in
usage and management intensities can
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be traced back to often quite different
causes;

® that a realistic explanatory model
will therefore need a relatively complex
structure

© that the model concept as it stands
can only be considered a preliminary sta-
ge in an ongoing and consistent develop-
ment process.

Preliminary work with individual com-
ponents of the full interdisciplinary mo-
del (which is still under construction)
already shows that there are indeed plau-
sible and complex relationships between
economic/ecological variables and the
intensity of use/management of grassland.
The next stage of the research is con-
centrating on adapting the existing par-
tial models so that they can be integra-
ted within a single model.
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