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1. Introduction.

It is well known that rural development and the expansion
of tourism in the mountain areas may casily lead to a disequili-
brium. On the other hand without tourism there is no chance
for a self contained mountain agriculture.

The Swiss MAB-6 (Man and Biosphere) research project
aims at the solution of the problem, i.e. what kind of precautions
have to be taken that the mountain regions may serve €ven in
the long run as living, economic, and recreational areas (1).
These four test areas have been chosen: Grindelwald, Pays
d’Enhaut, Aletsch, and Davos. Researchers from closely related
Universities started to record ecological, socio-economic and
cultural data. In describing and analysing observed processes in

Rl e
* Leino Apel is Expert Adviser of the « Institut fiir Markt und Plan », Uni-
versity Frankfurt am Main.
{1) Messerli B., Messerli P., 1978 « Wirtschaftliche Entwicklung und Skologi-
sche Belastbarkeit im Berggebiet » (MAB Schweiz). In: Geographica Helvetica
1978, N. 4.
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a multidisciplinary systems approach we aim at a synthesis of the
results on three levels:

1. The synthesis of the regional processes (’Project-Synthesis’).

2. Problem oriented synthesis in the frame of a special scientific

discipline (p.e. tourism, forestry, protection of the natural
environment).

3. The overall synthesis for the mountain region (’Program-
Synthesis’).

In the beginning of the analysis the methodological way
to gain these ends was not determined. Due to the lack of ex-
perience in systems analysis of multidisciplinary projects it was
a part of the analysis to find ’a method’ (or a boundle of methods)
which could be applied by research teams and was suitable to
solve the problems.

In other words there were two disparate methodological
fractions: the guantificateurs and the gualificatenrs. The first
wanted to establish a global quantitative model (on a regional
level) and the latter preferred a qualitatively oriented synthesis
of the results describing it verbally. During the work the first
approach was abandoned. The quantitative models mostly serve
as a tool to clarify special questions for instance testing and
finding hypothesis, that provide quantitative pictures to demons-
trate simplified relationships, etc.

By the example of the test area Grindelwald I will at first
demonstrate the difficulties in constructing a comprehensive sys-
tem dynamic model which describes the socio-economic and
the ecological processes of the region. Further I will give an
outlook on the actual Grindelwald model. And finally I present

the methodological frame in which the Grindelwald model will
be used to derive synthetic conclusions.

2. The limits of an economic-ecological system dynamics model.

As stated above the MAB-6 approach aims at the description
and analysis of a complete region which can be devided in a na-
tural system, land use system and a socio-economic sistem. A very

s
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i i ional socio-economic

i 1: Schematic representation of a regiona io :

e ecological system (by B. Messerli, P. Messerli in Geogra
phica helvetica 1978, vol. 4).
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general ovetview is given in figure 1. Those schematic l[:xi;eset:nrfg:
tions (block diagramms) do visualise the scope o}f (tlhe tasr 1:111] e
thing else. An arrow from one block to a}nother. L c}:ls m]c; e ik
illuminates. In system dynamics modelling, Whlcc:1 as cierrxde i
ded by J.W. Forrester, those arrows play a omg?n oy
constructing large ’spaghett1-d1agram§ . They algz easily » mgerlts
and helpful to demonstrate plau31bl§ influences between e rpe
of the considered system. But by going furthe.r i.e. to quan
processes which are behind an arrow the dlﬁic'lﬂtleSSDalr\;Is; -
Let us try to constﬁruct altyp1caldforr2£ier1;:feriwalé el &
drawn in figure 1 regarding Grif g
21:: ﬁ:\rrr::plgxclear up the ignuain causal loops which seem to de::r—
mine the processes of the retg}ilon. Th? malirtls iﬁrcenzne ac:)eet}r:ilztt)enz
i ntain town is the tourism - coe:
lt)(:::ilrztenntlﬁ: modern tourist sector a:md the tradltlosnal. agna:}:::ﬁ
sector, which can be still observed in most of the Swiss mo
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:leglo?si is to be characterized as the relation of a giant to
. . - a
1e\;:f:lrt - ;1 ;ecryomso ?ft;he gross n?té)nal product agriculture provides
less e regional GNP (2) and with
indirect effects the touris e ol
: m bears m
T ore than 90% of the GNP
One causal loop i i
op is the increasing touri i i
- Increasing tourism which brings
i (znm::e:;(zlsfa:g dto the mountain village. The touristic infrastrugc-
] more tourists will come is ’positive’
has two disparate side effects. Al o g A
i E)};iir:mlse :a lﬁce)su:tl}\lre finfluenc:e on the agricultural activity
s the farmers to earn the additi i .
o . . e additional income
pI:Zesm;z‘: f}?é ;}cl)elr farrl?s an it provides additional working
ung who do not want
D el ) or cannot work on a
. elopment had stopped the
' : : exodus of the mountain
Ealotl?ulatlon and.has induced a certain consolidation and moderni-
101}3 process in the mountain agriculture.
N ut s(til.ll there Is a negative effect, the ’pressure’ on the land
e c;:)xpanl ing éoufllst sector needs land. The traffic arrangements.
will be enlarged, there is a huge d ildi
emand for build i
tels, chalets). In general i i
. the required ground
valley’s area which are th T nen e e e
e most fertile and h i
; : : . ence most suitable
a(r)ll;l fa:(r)rlil:g% g:mwg dflrfld aldn;;ectI competition between agricultural
and for land. It is obvious th ism i
) rist d at to
winner in this unequal competition. i omn
i tﬁut, there aif another important positive loop. We all know
b If natural’ landscape is in fact a ’cultural’ landscape. Wit-
2 ut t edmmlmtaln farmer’s work there will be no green. mea
aovirs, a}? stable forrests, which can serve as a protection against
; :::3 ;;11(‘:’ ee:grf;cc;rlttunaiely, llqu makes no sense establishing highly
ural methods in a mountain regi
ct egion. We obser
that the traditional ground management is still used except tl‘;:

(2) Borlin M., 1982 « Das i
- M, stat'xsche Input-Output-M i
\Nli r::lsr‘::i a,‘li”fsrpovlvxltﬁ;z%haﬁ 1980 und Simulation von 'Il‘-;'erldecl);::;ickcl;l.l;lrll'1 o, Bt
e i, Sn i\/lassnahmen. Ziirich 15. Juli MAB-Schlussb g?rin e gt
- 1984 « MAB-Grindelwald: Die Entwicklung e.;:; tI*Lremden

verkehrs und dessen wirtsch i
v e : aftliche, gesellschaftliche un raumliche Bedeutung ».
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degree of mechanization has changed. It turnes out that the
mountain agriculture is still adapted to an ecological equilibrium.
So we have the positive feedback between a well developed
agriculture and a well maintained landscape. The fact that a
whealthy agriculture is the best natural protection connects
tourism with farming. We assume that tourism will decrease
when the recreational resources decline.

While the tourists enjoy a beautiful landscape, a rich fauna
and a manifold flora they may become a danger for the local
animals and they may destroy plants and ground when their
’local density’ increases. So the ecological quality will be harmed
by expanding tourism.

These relationships are written down in a system dynamics
flow diagram on figure 2. The arrow scheme indicates three posi-
tive feed-back processes (1, 2, 4) and a negative one (3).

In a positive feedback process a variable continually feeds
back upon itself to reinforce its own growth or collapse (4).
Negative feedback is characterized by goal-oriented behaviour. In
our example the land demand lowers the agricultural land use,
which will reduce the agricultural activity and lead to envi-
ronmental deterioration this will finally lead to a decrease in
tourism demand.

Without going into further details I want to demonstrate
some serious problems that arise if those system pictures are to

be quantified and analyzed:

2.1. Model determination vs. indeterminated real system struc-
tures.

It is the intention of system analysis to describe completely
closed or open systems. This provokes an unsolvable problem
if quantitative models are used to picture social systems.

No matter what the reasons are, in social science it does not
seem possible to formulate neither simple nor complex laws

(4) Goodman MR., 1974, «Study Notes in System Dynamics », Cambridge,
Massachusetts.
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regional

causal loop diagram of a

amics
socio-economic and ecological model.

Figure 2: A system dyn
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which are able to predict accurate.ly social behaviour. Social
systems seem to have a non-determined structure. o
But in any quantitative model we have to use strongly deter-
mined algorithmes. Of course there are some « tr1gks » in inter-
active simulation models to change the mathematical structuge
during the calculation procedure. But those changes have to be
prepared, nothing is indetqrmmed in a computer run. it
In my opinion there is not much reason for a system a 1
lysist to think he/she would have the bette} quantitative tools
than traditional researcher who d‘escrlbes single phenomena.
Looking at a scientific question, we have the opportunéty
to neglect all influences which we take to be irrelevant. Under
the condition that those influences do not play a role we can
formulate a law in quantitative terms which m}ght be very
helpful in understanding the phenomenon in question. e
But looking at a complex social system it is very di cu;
to decide which influences we are allowed to negle;ct. Because o
the indetermined structure of the systems l?ehav1our the.y may
or may not play a significant role. There is no deter.mmathﬁ
about what questions may arise or \tht }(1nd qf solut13ns. wi
be preferred. For the model. builder it is 1rr.xposmble to design a
super-structure which comprises all eventualities of future system
behav\lgllm:n the model builder does not simp_lify-reality enougﬁx,
we will understand his model as .less as reality 1t§elf. Vc(lf}:ien e
reduces reality too much, we will upderstanfl his model very
well but the model will fail to predict any interesting system

behaviour.

2.2. Quantification problems.

System dynamics modelling is a stepwise translation prg}cle-
dure from qualitative intuitive and expert knowledge to a }r)n: t }Z
matical quantitative representation. Often. pepple .forget 1—: ﬁ‘ .
degree of abstraction in qualitative des.cnptlons is mucd l%g‘ e
than in quantified expressions. The re_:la.tlon betwsaerii the ;c 1r.nr}11gt
ecological quality and the rising touristic supply in figure 2 mig
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be a well byse

d h - "y
tement: ypothesis in qualitative terms. But the sta

ecol.quality = 0,5 / tour .supply

might .be absolute n
t:huamnfying a probl

ons i i
o elx;s:a Iif ixpf)essed In quantitative terms
s to become mor i e
m e concrete
i , 1. e.
?}?t Possess. Neasly evcif}l’tlonal kpoxgledge which we often do
edhetiil] arrow in figure 2
e gure 2 expresses a seri
o, pirical problem. Th i i
g ! . T'he most variables
g l?fg;e( fprdbelng usegl as quantitative expre;)sfiotri]e
« Indicator variables » which are represents.
a-

tiVe, ObS

ervable

these indicators ’d?)nd clzan be measured uniquely. In most

and it is dj only express partly what i iS55
ifficult to y what in theory is meant

) in i

; But in the Contextterfpret their sample values correctly

:) <« soft » 2 Bowic .od'a quantitative model the combina{tion
ative variab] Indicator variables wi

B dicatc - s with « hard » quanti
ed. In ¢ s to simplifications which U
, 1 those cases which cag hardly bejusti
qualitatiye descript; often the theoretical need for };omi)lett:

. on TNe
are highly tentative dleads to quantitative expressions which
and without of empirical contents o8

2, ]
3. Aggregation problems.

The comh:
ombined .
systems m analysis of very disti
: ay requj < Iy distinct aspects i .
especially the ca:leU{rfe different levels of aggreggtio; u}r 1as_oclﬁal
ecological process if social phenomena must be combined is s
Buncti°n to descriis' tI}:l economics we may use a mee 'Z’Ed;
ut it would b € the sales of a secto C A
e a ; tr of a whole
Of a certain kind OIEOnsense '1f one function describes theCOuntry,
vegetation over the whole country ;p re;:d
. 1n the

latter
case we ha :
gurface. Then, hoyeo. ntroduce a partitioning of the country’
nctions that g evers, it becomes very hard to forlxlr?tfy :
ulate

elongs OW to describ
%h eto ?:ie partitioning e the sales of a sector which
; mode] buj .
ctice we find twomlder has to look for compromises. So in
mically oriented WitthYPes of environmental models: s.ocio-ec Sk
very insufficient links to the natural SiSz;l('l)-
)

£
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and pure ecological models with only very weak socio-economic

references.

2.4. Lack of theory.

Since the early 70th system theory is en vogue. But looking

at the countless famous and less famous literature we still find
a lot of general advises, of methodological hints and descriptions
of quantitative instruments but we do not find a new general
theory which could be serve as a base for interdisciplinary
analysis.
The best we may find are some multidisciplinary approaches;
that means the addition of some formal aspects of different
scientific disciplines in one quantitative model. As a consequence
the quantitative design of a social system is often rather arbitrary
piecemeal using « prefabricated » partial theoretical approaches.
Therefore it is hard to overcome the discrepancy between the
holistic philosophy and the reality of research which puts toge-
ther simply single pieces.

After all these critica
should we use system-oriented mod
three points:

1. Even though we cannot redee
theory it is necessary to look at the wide spread of interde-
pendencies of most phemomena in our modern world. A quan-

titative model which aims at the complexity asks for un-
known data and unknown thoeretical relations. In construc-
ting this model we may better learn what we don’t know
and we will be compelled to reveal the basic assumptions.
Thus quantitative models are helpful tools in clarifying of

complex contents.

| comments people may ask why
els at all? I will make you

m the high claim of system

2. Complex systems are hard to overview where we use a verbal
description. Developing a quantitative model which produces
plots of the most important variables helps very much into
understand the analytical consequences of our analysis. Mo-
dels are « quantitative illustrators » of our assumptions.
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3. People like to have quantitative information. The mode] /

helps us to provide it. I would not trust computer work

too much but in the sense i i
of public relations it
support the results of our analysis. megrer

3. The system dynamics model of Grindelwald.

Th ™ : ;

ex;;c))gi; ?;:I:)mlc proceshs (i—f Grindelwald is characterized as an
. System which is mainly determj
tism demand. From Gri S i ¢ g
g rindelwald’s of vi i
oy : point view the tourist
e regarded as given bec it is i

: ' ause it is in ¢ iti

with other tourist suppl i i
plyers of the Swiss i

ek e : mountains. Futhermora
other sector independ f ist i y
e s i dependent of the tourist influence
ain linear chain from touri .

; ourist demand to the ]
tourist supply, to c emignii

5 ommerce, transportation, and i
_ » and construction.
P, 1>1>s avge hgve to understand this region as a system of
o proaptlon %r]oczzses rather than a system of strong
cesses. Therefore the Grind i
_ . elwald
to a linear regression model than to a ty e

model, pical system dynamics
The f i
frodel: e following figure 3 reveals the block structure of the
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The population, transportation and land use modules have
a very simple structure. They are implemented only by some
technical equations; differentiated processes are not considered.
The modules of agriculture, tourism, and construction follow a
highly aggregated macroeconomic model approach on a regional
level. In contrast to typically Forresterian SD-models there are
no complex and aggregated variables, which cannot be directly
observed or measured. In principle it is possible to estimate the
behavioural equations by econometric methods (5). In system
theoretical terms the overall level of the system is controlled by
the tourist demand (with table functions) externally given, and
the internal adaptation processes are guided by investment
feedbacks.

The economic structure is characterized by four elements.
There is a technical production function which determines the
gross production as a technical relation (i.e. lodgings times prices).
Then the gross national product calculation of this regional
sectors determines the profits as residual. The stock of capital
investment will be determined by profits, capacity utilisation,
etc. From the resulting capital stock, the potential of production,
the labour and land demand can be derived.

The structure of the behavioural equations (functions of
investment, of labour force, of capacity prediction etc.) is partly

the result of theoretical and intuitive knowledge and partly the .

result of theoretical and intuitive knowledge and partly a conse-
quence of the observed data. There existed some annual time
series (most data of the tourist sector has been available since
1970). For the other variables we only obsetved or reconstructed
their values of 1960, 1970 and 1980. During the validation
procedure the parameter values (coefficients) of the equations
and their functional structure has to be varified in such a way,
that we could fit the model’s output sufficiently accurate with
the observed empirical values in the ex-post prediction run
(1960-1980).

(5) Apel R., 1978, « Simulation sozio-okonomischer Zusammenhange »,
Darmstad.

U
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The agriculture module is divided in two sectors, the 1
i(:less t}(lian 10 ha). and the normal farms. In mountain area:n;)ail
rzgqs do not exist. The produption depends only on technica!‘iy

rictions i.e. capital that exists as machinery and buildi
and the surface thaF can be used for agriculture, because Wenfls’
not have a competitive and tunctioning market in agricult J
Since the arable land is limited small and normal fal;re.
compete for the land. When the normal farms increase in sI'ns
the number of small farms must decrease. When the land -
for tourtsm increases both small and normal farms suff b
corre§pon'd1ng loss of land. In an economic sense the investnir ”
function is rather curious, because investment js guided by :):

ternal income. It is depend
€. ent on the governmental idi
and the additional income. i e

(EXOGENOUS) (EXOGENOUS)

ps
ng;égG TYPES OF TOURIST LAND
DEMAND USE*

'

GROSS
B
S s DEMAND OF CAPACITY EXTERNAL

UTILISATION CAPACITY
+ UTILISAT

INTERMEDIATE
PRODUCTION

BED

DEPRECIATION CAPACITY

TAXES

WAGES<e———— | ABOUR ~=—o

CAPITAL

PROFITS e

= [NVESTMENT INVESTMENT
Y, o

DEMXND FOR

CONSTRUCTION

+ RENOVATION

The tourism module is devided int
o two parts: hotels (ei
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the same decision of owners. The distinction between local and
other owners has been necessary because there has been an im-
mense growth of non-local ownership in the past that lead to a
displacement of local people through competition. We have to
expect that the non-local owners decide rather on economic
grounds than traditional rules that support local interests.

As an example the flow diagram in figure 4 shows the main
relationships of the hotel submodule. In the framework of this
paper I cannot discuss the model’s structure in detail. Using
the model for forecasting purposes (scenario technique) it turns
out that the model’s structure which has been estimated using
the data sample of 1960 to 1980 (growth phase) si inadequate
to produce a meaningful output if the future development
stagnates or declines.

I had to change the investment equations and depreciation
ratios fundamentally by adjusting the endogenous development
to the lower growth ratios of the tourist demand. These ne-
cessities to correct the model is more than a model fit, it ex-
presses the structural difficulties if tourist towns leave the
growth path.

In the model the dynamics of the structural development of
tourism in Grindelwald depends partly on exogenous phenomena
and partly on the investment behaviour of local entrepreneurs.
Tourist demand is partitioned into three types of tourists. Accord-
ing to their respective preferences these types choose between:
lodging in hotels, in locally-owned, or in non-locally owned
boarding-houses. These individual preferences of tourists and
their consequences for the natural system had been analyzed for
Grindelwald by U. Wiesmann (6).

The construction module is devided in the sector overground
and underground building and the remaining part of the sector.
The demand of construction is related to the investment activity
of the other model sectors or given by table functions if sectors
like government, commerce etc. are not in the model.

(6) comp. (3).
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~ Comparable to the tourist modules the equati
;nvestmen't functlop§ had to be changed if the e(;lon;l;f;s ezftext-h 3
n stagnation or crisis. During the growth phase a mainl :
?rcllen;ed behaviour of investment could be observed andye§triOﬁt-
tg n n the .other-phas_es I had to postulate a simple adoptlilz)a-
e capacity utilisation and/or to the growth ratios. .

4. Model analysis using the scenario technique.

behavPi';)lrlra‘I:,ag)lflzsln%hthe system’s (or more accurate the model’s-)
e the scenario technique while changing the gi
: changing the
tourist demand and related ; ot the co il
\ parameters and looking at th
ting adaption capabilities iall G
especially the con
o : sequences for the
e labour market. Th i i
S . The scenario technique should
me the weakness of the classi i
' classical forecasting pro-
celz‘dg_res.. Social systems do not have one determined futureg %he
C;; rel: dlct}ons of most of tbe past models have failed. The best we
o is to draw conclusions which hold under certain conditions

Figure 5: Matrix-scheme of the postulated MAB-Swiss scenarios (7)
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no special : o

: . active policies

EXOGENOUS policy pg'omotlon promotion of natural

SITUATION oL of‘touriam; 1 ;| prafoti
agricult. system

growth resignation

stagnation laissez faire

crisis breakdown

(7) Apel H., Wiesmann U., M i
) Ap " ., Messerli P. i ik i
schweizerischen MAB- Programm », Bexl-n, \’nfgi}l;hlsagd «pZa‘le)l;rSzenanotechnilk g
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In case of the scenario technique we postulate rather consistent
images as a given condition and ask for consequences of those
conditions.

In the MAB-Swiss project these postulated images (scena-
rios) are characterised by the national economic situation and
the policy persued by the local authorities (compare figure 5).
The time period for the scenario is 20 years (1980-2000).

The exogenous economic situation and the endogenous
policy is generally formulated for the four test areas (7) and
must be adapted to the specific situation of Grindelwald. This
leads to the growth rates and the other parameter values of

the exogenous variables of the model.

For the scarce manpower we cannot analyse the 12 possi-
bilities of scenarios given by the matrix in figure 5. As a research
strategy the first column was analysed at first. The question was
what problems would arrive under the different economic sit-
uations when people do not have an active policy. The catalogue
of these calculated problems gives us hints for the formulation
of meaningful policies which may avoid serious instabilities in
future system behaviour.

The surprising result was that Grindelwald is not a catas-
trophic system. There are relatively high buffer capacities which
provide a good protection against « normal » perturbations.

The scenatio of growth is simply a prolongation of the past
pattern. The consumption of land by tourist demand increases,
the concentration ratio of farms is expect to have a cultural given
limit, the scarcity of labour force will decelerate the development.
And it seems possible that extreme kinds of exploitation, which
may hurt the natural system seriously, could be avoided. The
scenario of stagnation produces serious problems in the labour
market of the construction sector during the end of the century.
This sector will need a high adaption capacity if unemployment
should be prevented.

The scenario of crisis (from 1985 till 1990 and then slow
growth) gives rise to more serious problems. After 1990 Grin-
delwald will have an unemployment of about 30% and proba-
bly most of the small farmers will not be able to cultivate their
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land because they miss their additional income from the tourjsg
sector. The latter leads to abandoned fields and meadows which
form a zone of potential ecologically instability which includes
the danger of landslides and avalanches.

Of course, the mainly socio-economically oriented mode]
cannot describe the whole system of Grindelwald completely.
The combination of socio-economical phenomena and ecological
processes requires a change of the aggregation level.

5. Global system analysis: soft-coupling of different types of models,

As stated above we did not trust a general and global
mathematical systems model. Besides the SD-model land use
models have been developed which are based on a data bank
that is partitioned in small land units. In the data bank every
land unit is characterized by a bundle of ecological, agricultural,
and partly tourist indicator variables. With laws of successions
or with matrices of transition the model can predict the change
of the land use on a local scale if a change in land use is expected.
These models allow a high aggregated input, and they result in
a locally disaggregated ouptut, that may be a geographical map.
In some cases we are able to calculate balances including all units.
For example we may ask, what happens if a certain degree of
agricultural intensification takes place. As input we need capital
equipment (level of indoor and outdoor machine equipment) and
intensity of labour. The output will be a map which enables us
to calculate the most sensitive locations where the environment
could irreversibly damaged. Another result is the yelds for each
land unit can be calculated for each level of intensification. Thus
we may start with one specific scenario. This gives us a frame
of economic development in terms of aggregate values of varia-
bles in time calculated by the SD-model. The qualitative progress
of the values of the models variables or even some special aggre-
gate values have to be interpreted as inputs for the land-use
models. Then we have to interpret the calculated local conse-
quences; especially we have to look for inconsistencies, Next we
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i d go back
act to this outcome an bac
R ge a policy. Furthermore it 1s

to the initial scenario and chan i A

ible to construct several concepts of lanc ging 10
v rio. For example growth of tourism may ta 1})1 :
onlyllone Scceer:irat'ed or locally spread out. Both variants 1a;llre ¢ :(::
lcot:iz}e,c;xgl the same numbers of lodgings but they do have very

different consequences for land use and even for the labour
mark?It'h(SI)V.IAB-Swiss project is just in the phase qf construc:(;le%

es synthesis by coupling together the dlﬁer}::néof(r: e
§ SYStemd IZvels of observations. There is no metho g{ -
cra h?:nforeward way that leads to a guarante;d success.
jr?:;lglook at soft-coupling as art of soft modelling.

—
——

(8) comp. (3).
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