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population and income can be observed. In the tallowing "suburba—

st1on phase”  population growth in the denzely popul ated cores
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ruamber s of whanites migrate to the periphasry of th

mewly forming suburbs. Former rural communities come increasingly
1

into  the ephere of influence of the city  and  are finally

1

abzorbed. In the "deswrbanization phasa” the ring of the whban
aaglomeration begine to stagnate, the wban region as a whole
looses population to small and medium sired towne. Whether a new
"reurbanization phase", which would logically follow from a wave-—
like wban development pattern, will lead eventually to a revita—
Vization of  the wban cores is still not tirmally deducable from
the emall amount of empirical eviderce available so far.

Froom an analvtical point of view the questiorn  arises which
determinarnts lead to such cyclical behavior as could be observed

irn the past.

<tent environmental guality can be one of these

T what
determinants of spatial structure and lorng run time path of wurban

ed tssue in the Tltterature (Fort-

development is a widely discu:
FIEY Donmztelie, Fresse, 1974 Fishelson, 1979, Bchubert, 1979,

etc.). Starting point for such analvses is the location decision
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ar dmpartant sttribute influencing the location decision.

TR B that the feedback chalne operating

betweer different comporents constituting  am urbas zvstem (such
as  population,  the economy, labor  market, land market, ity
aavermment , eto.) lead to various indirect etfectz, a fact which

comsrderably aggravat the analytical task of disentarngling the

impacts of erviconmental policy. Note further, that the density
of land use 1 itself an important variable inm the determination
of the intensity of emission of residual s, which after having
diffused over the spatial system within a receiving mediun deter-
mine local residuals’®  concentration. The existence of suchk a
fundamental feedback chain between the settlement structure aidd
environmental guality must hence be considered explicitly,

It must, however, rot be neglected that besides envivonmen-—
tal guality, there are other at least zaqually important variables
intluencing the settlement pattern  and its change. Most  of the
studies dealing with these problems, are based on static models,
thus asswning that all the feedback effects happern rapidly and
can thus be viewed as a simulataneous equilibration process. In
reslity urban development processes are of a long  run nature and
the settlement structure only changes slowly. An important part
of an investigation into whban systems changes must  hence be to
study such  lang run adiustment processes as well asz bthe effects
cf policy measwres relevant for wurban development in  the frame-
work of a dynamic  approach. A& further challenge is posed by the

already mentioned presence of multiple feedback chains besides



Ehve olaimed  envicomnmental ome Teading to partly opposing effe

res with recpect to the goal Ve Lals

b polioy me

ot Aty on ., jokbis, wreml ovment . eto. . It o iw partiocwlariy iy thd

magni tude and intensity of ¢

irg efiects must bhe

s bhat

!

SBummarizing. 1t csn be said bthat it is the main b

e muitiial  influsnocess e

4 lat oo

casllution as oa

o the one hano

prence of larnd use activin

ardd the distribution of househald and Jobre aver  anowrben reglan
o tive other.,

fAomatoral corollary to thie problem iz the question to what

edtent enviromnmental policy can sreert an dinfluesnce on wrbarn

s

charnge. The studies undertaken =so far in this tield, due to
theaoretical shortfalls and even more so the present  data sito-
ation  do not permit  as  vet to calibrate an empirically valid
madel based on econometric parameter estimatiorn. s a sideline
1t ghould alsc be mentioned that econometric work in this field
iz particulerly costly). Not being endowed with the necessary
resources 1t was hence only possible to do a pilot study f{suppor-—
ted by the Austrian "fund for scientific research") aiming at the

tormulation of  an  adequate model structure. On this basiz a

.

zimulation model was developed which is capable of representing
numerically complex  dynamic processes (see e.g. Whithed, Sarly,
19745 Bossel, 1986). The parameter values were taken partly from
partial empirical wark  done  on some model components {(Maier,
1987 Brunner, Schubert, 1985 which permitted to pin  down the
order  of  meagnitude of  these parameters, and to vary them in
ditferent simulation runs. For some of theze variakles, however,
no  relevant  information  for guantitatiwve assumptions was avai-
lable and svstematic wvariatiorns of the corresponding paranetera

had to help out.
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Lo process of pollutants 1o oa certain direction (b predo-

mirant winds coming from the opposite  direction) has Ay impact

arn the  sesttlement structuwre. & further guestion of analvtical as
well as practical interest ie  to  what  estent chanaes in the
preferences  of householde in the sense of a mnegative marglnal
utility of pollution lead to modifications in the patterrn of
urban chiarnge . The simuilation resulte of & reference variant, in
whiich this marginal disutility is setb sgual to  rero can be come

peared to @ variant in which this envirconmental feedbeack 1= imelue

ded.

I

e role of enterprises with respect  to the environmental

O
~+

zide o the model is only the production of goods and services as

well as pollutants as by-producte and their adiuvsetment strateglies
to environmental peolicy measures. Strategies regarding a change
af location as a reaction to policy measures are to be included
in further steps in the development of the model.

I the second section of this contribution the basic model

feasdback? 1 brmdoef 1y shetched, 5

Claea. wWithout ernvironmes

more detailed description of the model structure
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conoentrations stfect locatiomnal chalos are modeled in this

of v onmental
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ol loy as L breated 1o this paper are brisdlyv discussed,
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The fouwrth  section mts and  discusses some sele

shnulation results. At the end  of  this  contribution  a shoet

stmmary and outlook is presented.

He Model Descri

b the following section  the most  important components of
the simulation model will be described. Az the main caoncern of
this contribution are the feedbacks between the snvironment and
urbian change. the emphasis is placed upon the formuiation of the
environmental submodel. The eqguations representing the other
model components are fully given in the appendis. A additional
remarlt has  to e made here: At thie stage of owr research we
consider the main task of this modeling edercise to be the clari-
fication of the interactions between different components of a
model describing urban change. We are hence dealing with a hypo-
thetical wrban regicon. Frecise parameter estimates for most of
the model componente for specific cities are mob available, vet

(although it i the intention of the auvthor to continue this

comtent to bhe

Fecearch in the dirvection of adding empiric
theoretical skeleton).

Basic &
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Blow from west o east hence bissing bhe ciad dietrd b

tiocm af pollutants.

Urber change within this framework s defined as

if
s
s
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redistribution of  pooulation, dobres, infrastructuwre, etoc. over
time. These different variables are conrnected wvia wvarious feed—
back chains. The following submodels constitute the frameword in
whiich simulations can be undertakerns

- Fopul ation

- Mroductiaon and labor market

- Imtrastructw e

1

Land market
- Income formation and
- Follution. (which is treated in more detail in the following
section’.

Figure & represents & graphical description of the main
elements of the model structure. The model is spatially closed,
i.e., there are no effects on model variables which emanate from
without the urban region. There are exogenous variables, such as
techrnol ogical progress  which raises productivity, howesver. The
accessibility structure of the model, the distances betwesn the

different zones, is  also exogencusly  given. We do hence, not

ind

consider any technical progress  in the transportation system or

possible  congestion  leading to  changes in the accessibility
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simpliticetion  of the model i imp)

& further e rit o

by bhe  assumptic ot "representative’ decision-omakers,

stratification  in the population, difterences  in  production

technol ogy, age  of infrastructure o productlve capidtal

stock . o differential gquality  of Lard, are not taken into ac-—

court The model i1g  hence incapable of making any predictions

abrout spatial segregation processes,

The basic decizion structuwre is such that; at  the beginning
ot wach period, the actors make plang, which are based on their
last experience including the prices for wvaricous economic gooas.,
These plens  are then coordinated in the various markete and lead
to a new set  of prices. FRs the theoretical considerations are
ecsentially  based on & diseguilibrium approaach, markets also
provide indicators for surplus supply/demand {e.q. unemployment,
Vvacanoles),

Zele The Fopulation Submodel

The population component consists of equations A.l. to A.b.
reproduced 1 appendis 1. It comstitutes basically a spatial

redistribution mechanism, driven by migration, the cventral sle-

:

ment of which is the migration rate M. Thiz rate is sernsitive to

the varving attractivensss of the urban zones leading to migra-

tion az a reaction thereupon. The migration rate M is the result

cof & "nested-logit"model which ie based on a location decisicn of
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income constraint. sgdditiornal by the utility fumobion
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"attributes' of the womes, such as infrastructure

tairms certailn

arc  envivronmental aualityv. Giver  the income

direct wbility function can be used to deduce ap i
Furo i on WNVard e, 1978 and  an then be used to formulate a
nested-logit-model. Using & log-lingar direct uwtility function
leads to the indirect wtility function given in equation A.%5. The
functional form of the migration rate, as indicated in equation
Fad., 18 & direct result of the assuwnptions of the logit model.
The income which co-determines the spatial choice of the indivi-
el results from the other levels of the nested-1logit-model .
.. the participation and commuting  decision, as  owell as the
Land mearket submodel (zee squaticon &.29.) (& brief discussicn of
the participation and commuting decision will be givern in the
next section  on the labor-market components). The land use and
spatial cholice decision is  made simul tanecuslv. Equation A.b6.

describes the area demand for residental purposes, which is the

result of the above shketched decisions,

2.2, The Labor-market Submodel

The bridge between the spatial distribution of oepul ation and the
supply of labor is constituted by the participation and commuting
submodel lequation A7) . The decision behind  thie macro-model is

the location decision, which is modeled sequentially with the
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result of  the participation decision is

tion decizsion. The coupling  between participation  ang commuting

modelad via bhe v akd

e feedback

= tbe location decision via

Bl and EY, where the latber indlusnee

equation 402900 Egustions 8.8 and 4.10 describs the participation

arnd commuting rate, A.11 and AL17 0 the g

COmeRs,

=t acge of

The {

agencusly  givern) share $ indicates the Lrest
the total residential population  in  the working age bracket.
Tagether with the participation and commuting rate these variab-
les permit the calculation of labor-supply given the distribution
af  the residential popul ation lequation A.7). Labor demand is
determined orn the basis of a general production  and productior-
tactor demand decision made by a "representative’” entreprensur.
The basis is a production  function ST DR I consisting  of two
parts, one determining the long run production potential (in farm
of & Cob-Douglas-furmction) the other., the short run component,
represents the short  rurn frictional losses in production as a
consequenceg of "production detours” tRohm-Barwerk, 18389). Assu-—
ming that in a dynamic context, the goal of the enterprise iz the
maximisation of lomg run profits (discounted stream of earnings)
& problem of "optimal control” arises (see Brunner and Schubert,
1985 the Fontrvagin optimality conditiors can be wtilized to
salve for the variouws dynamic factor demands, such as labor, 1land

t contribution only the long-run term

and caplital. In the pre

te considered, and bthe accumulation of capital ie neglected.
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In the labor merket  employvment and wages are debtermined
given lapbor  =supply (8.7) and demand (4, 140 . Emplovment results
from &  symmetric reaction of the market tao swrplus demand {equa-
tion AL1B.) which ascertains that actual employvment cannot exceed
labar supply or demand. Unemplovment and vacancies are residual s,
the unemployment rate the ratic between the abscolute rumber o
wemployved  persons, ter Lok or eupply tegquation &.19 - A7,
Eguation A.22 describes the wage determination. The parameter T
indicates the degree of rigidity of the wage rate over time. The
exponential function used 1in this forsulation ensures Higher

flexibility of wages upwards than downwards.

Zade The Land-market Submodel

The demand for land by househaolds  and enterprises was al—

r

ready briefly dealt with in the section abowve (A6 and AL1S).

[
—+

Total demand is the sum of both o theze components (equation

L

A.E25y . The land market model is zimpler in structure tharn the
Labior market s,  as no edplicit disequilibrium mechaniem is as-

sumed to edist. The demand for land can alwayve be met. The srppl oy

of 1 and WSICH I assumed to e equal in o all wban zones,. Getual
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sotvpe of orice determination formulatian (6, 04,

2., The Irnfrastructos stibrmodel

eyt Ire gi-

Ty b local intrastructure is

Phe cap
an dnfrastructural  capital stock, which accumulates via irvest-

oo consgtant rate of ohsolescerncs e &

merit

1

ook from The previous period. Indrae-

i

to he operative on  the

structuw e investment feouation A.3é&.) depends on the demand given
i the wrban zone, which ds simply hyvpotherised to depend on
population change expected, which in turn is seen to be proporti -
ornal to actusl previous population change. Expectations are hence

modeled sz a simple estrapolation of edperiences in  Uhe past. &
restriction is  imposed, enswing that in zomes with heavy  popu-
lation losses infrastructure investment cannot become regative,
and the stock is only diminished vy obsclescence.
2.8, Income Determination

Imcome formation ococurs in the labor-market and 1and-marbet
in this model. The wages are determined in the 1abor-—mar ket ard
land prices in the land-market. fAs we do not assume any social
stratification to exist and the property  structures are not
plicity modeled, we assume that all income made i the 1and

market 1s used in the rore where it was gained, there are hernce

e spatiad egpillovers of land rente. Earnings from work do origi-
rate 1n the location of the job, but “diffuse” back to the resi-

derntial zone  of the workers  via commuting where they become
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well as the optimal Podpation and comm-

ting decisions (see equabtion &.729.0.

It Drietly tohed  components yvield  an operational,

tetent simulation  moedel of  weban change which is

1
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remrodueing numerows wrban dynamic procssses. Depending on the
parameter constellations, the resulting time-paths can be stable
cr unstable, cen  demonstrate ocscillations with  long  or short
amplitudes and processes in which there is a superimposition of
short run, business cycle like waves and long run waves over much
longer time horizons.

Zw The FPollution Submodesl

The economic  and social activities in a city lead to a set
ot environmentally relevant effects, such  as  the emission of
residual s into  the recetving media air, water, and soil. These
enmissions are seen as byproducts of various land use activities
such as  production and consumption. For some of these emissions
abatement facilities are available, others are at least partially
emitted directly into the receiving media. It is particularly the
latter we are interested in, as thev constitute negative externa-
lities, if they are sufficently perceivable as nui sances, which

intluence the various land use decisions of the actors driving

I

betwesrn 1and use

the whbhan system., They hence orovide feedback
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some of  which dinteract  strongly leading  to
f obas photochemical smog. eto). These compl et

tvalernt to the

i bthis paper, only & simple aporoach o

aralve
cimple modeling strategies applied in the varicous components of

the model 1% chosern. Our starting point is hence & simple indi-

i
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cator which can be considered <am aggregate  of various emnitted
residuals. The wvolume of pollutasts and  thus the lewvel of the
indicator, iz hypothezised to depend on the level of the respec-
tive activity.

Figure 2 illustrates the basic structure of the environmen-—
tal submodel. & givern land use pattern in a specitic period in an
wrban zone  leads to emissicons which are related to the activity—
level by constant emission-coefficients. The residuals diffuse
over the spatial system lsee e.g. MNlikamp, 1974, 1977), thus
creating negative esxternalities, not only  at  the location of
emiasion but  alsec in others the pollutants are distributed over.
Total emissions in a zone are thus the sum of the stock of reci-—
duals from the previous period amd all the residuals arvriving at
the given location wvia the diffusion process.,

Three scurces of emission are digtinguished: production,
residential land wuse and transportation Coommuting) . While the
first two land use-activities represent point-emi el ones whicoch can
be uniguely ascribed to certain locations, the transportation

caused emissions originate on the connections between the diffe-
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The volume of residuals produced as @ byproduct  of residentiasl
Land use activities is hypotherised to depend on total disposable
income in a given wban »ore, Lee, on factor income (labaor and
Land) and  the income-earning part of the recidential popul atlon,
Eepecially air pellution is & typical byvproduct of energyv-use,
which i1e positively related to income.

The diffusion process leads teo a spatial redistributicon of
residuale. Az already menticned pollution (residuals’ concentra—
tion) 1s & stock resulting from an accumul ation Drocess,

t t—1 t

IMMIES = IMMISS *i + I 2 * EMIZS (32
1 1 did 3

Where L is the rate of abeorption of residuals by matural proces-
ses and the 7 represenlt diffusion coefficients. The latter are
intluenced by a whole host of factors, zuch as windspeed, humi-

dity, temperature, atmospheric pressure, natural topology, vege-—

tation, beight of chimnevs, etc. Most of these factors of influ-
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teorology which are of the very short rom.,

TE OO ETT i o bthie  contrsbution., Brgwesar, ot L onger

periads of time. for which conoetant meteorological conditions can

Lo We thus make use of & very simple odifeu-

not be assumed to
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oy omaodel . in owhioh

Berarie, 1780)., Residual
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tocation 1s thus the svun ok the mcrt 4oy L |

following & bivariate normal distribution. This model

advantegeous property  thalt  the average residual s

concentration resulting From different meteoral ogical conditions
again follows a normal distribution (the sum of mormally distri-—
buted variables follows itself a normal distributicn).

We do, however, consider that an wrban area may be characte-

rized by & predominant wind direction leading to & spatial bias
in the diffusion process. As the spatial structure of the model

for this erercise ie considered symmetrical , we can, without lose

i

of generality  assume a priori that westerly winds dominate. Thi

leads to the claimed hias in  the diftfusion of residual s imn a

T

west-east direction, hence only  the mean value and the variances
must De  adjusted in this directiaon. The diffusion coefficients
are thus given by the following formul a:

L= 1/ (Zna,a,) * EAp (~1/2% {0 {d, ~Hu) /T, 32+ (d, /o) =] (4

where d,. represents the distance from the source of emission in
the west-east-direction, d, distance in  the north-south-direc—
tron, . and o, are the corresponding standard deviations and P
is the distance of the mean of the normal distribution from the

kept constant at & value

i

sowrce of  emission. The parameter o, i

of GD. The influence af the wind leads to corresponding changes of
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Iri the framework of  this comtribubtion, wes o however , that

el oyt Gdential location decisions  are

but mot those made by enterprises. Different lavel

i o the location

hence, are not considered to make anv difference
of husinesses.

The feedback hetween residuals’ concentration and the 1ooa-

tion~decision ise modeled by introducing the level of pollution

arn additional decision-variable in the wtility—Ffunctian. Eguation

AL dn the appendix is thus replaced by

t t t—1
U = b P*In (YD r-u o ®In (P 3+

o~ . ~

jfi 2 i & b

t—1 t
w E#Im CINFRA Yo *DIST -0 *#In K IMMISE ) {
= ] 4 i O i

£

Thise 1mplies, ceteris paribus, that locations with lower poliu-
tion—levels are prefered. Due to the log-linear form of the
indirect utlity—function the marginal rate of substition between

income and pollution is egal to:

AdvCAdIMMITE = u *YD/D G 4w 3 #IMMISH] (&

i iz

Thiz implies  that given the obther attributes, a rais=ze in per-
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The main concern in this contribution are the effects LA an

“Ent bundles of m sutres of eyl onment &l

given the complexity of  wrhan syvstemns, Tt is  argusd here. how-

ever ., that it is essential to conszider this complexity as direct

effects may often be {over-)compensatbed v indirect onews

I'm accordance with the utmost simplicity of the model formu-—
lation an attempt is made to adheres to these principles also with
respect to the environmental submodel. Two types of environmental
policy measures are considered in the frameworlk of this cortribu—

originating from the

ticrn. Hath aim at & decreacse  of

1

lamd vse activity "producticon  of goods and services" and hecome

effective when total emissicre in an wurban zone  edceed an EHOgeE—

a4

nously  given emission  standard. This can be achieved in two

!

different wavs:

1. The first policy measuwre "freezes” the proaduction at that
level which is still compatible with the given emmission
standard. It can be considered hostile to production as it
does  not  permit  an adjustment of production—technology to
the environmental standards. The emission-coetficients
remain at  their given level, the restrictions of emissions

1T the virlume of

are exclusively coped with by

productian.
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4, SBimulation Resulbz

The basiz of the simulations is  the model briefly sketched
i the previous sections and The values of the respective parame--
ters. An overview of the model can be found in appendix 1, the
paramster values utilized in the simulationz are given in appen-—

dix Z. Az alveady mentioned many of these values do not come from

econometric parameter estimations for specific wbhan plac
The resulte  of the following five simulation variants will

be discusseds:

1. Basic variant. It is & wmed that environmental aguality does

ifi

mot influence  location decisions. Emissions and residuals’
concentrations are computed in thiz run, but  there is no
reaction to these by population as the relevant parameter irn
the indirect wtility function is  =set eqgual to zero. The
mathematical structuwre of this wvariant is the one givern in
apperndix 1 oand will be used as a reference for  all other
simualation runs,

. Environmental feedback. Follution dogs  rnow enter the indi-

rect utility Ffunctiorn of peopulation, but  the diffusion of
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4. "reoduction conteol -enviranmental policw, The starting

w 1 =y i

point die bthe same  as 1n variant T bub ik e assumed that

emi ssion standardes, which oan

griviranmental policy  impos

o (mee section T,

oty ke met by freecing prodection
=, "Restructuring of production” -  environmental el icy. Emis-
zion standards  are met by reductions of the emissicm inten-

gities, achieved by variowe abatement policies the firmar-

cing of which i1g exogenous.

4,1, Basic variant

A there de no negative pollution fsedback and given the
spatixl pattern of the four urban zanes, one of them develops
into the economic and residential focus. It is the most access-—

zame 1 in figure 1) which becomes the core of the

-~

ibrle sone
urban  region. There are more inhabitants., more production and
employvment than in any other spatial unit fsee figure Ty this
comes at  the cost of higher land prices, however, (figure &) and
higher emissions. As there are no predominant winde the diffusion
of  residuale ie  symmetric, the core suwfferc from the highest
residual s’ concentration. ALl zones  are most  affected by their

tong, but the core, dus to ite central position receives

CHRT Eml e

more residuale via diffusion from the other spatial unit=s than



arvy of ohie other -cones. This fact, o L. Piowever . ot lead to any

reactions by pooal ation.,

4. 2. Environmental fesdback

Tivtion now

Wit ol 1o are @valuated by how

the moast

a megative attribube. The  cernter  although

il ation and aeventoe

bile rare  of Uhe region, now oo

Lk s oo tnhalid tants

ally becomss the zome with  the 1owest
(fFigure 7. Despite  the fact that we do not azsume firms to
evaluate locations also by the criterion of environmental aquality
amonyg obther  factors, production doss follow population to the
ring-rones (figure ). There arg two reasons for this ohenomenon:
The income potential representing effective demand ir the center

has decreased. This evern mare so than i the hasic variant fal-

thaowgt it 1w os=til] the highest of all zones): secondly, snter-—

Ll ses mus pay higheyr wages in the core tFigure 93 in order to
provide an  incentive for  labor to  commute. In the center there
arg rnow hilgher wages, lower land prices, less production and
employment and  emisszions have decreased. Fecause of ite central
position, however, the core recelves comparetively high loads of
residual s, implying  that despite the lower emissions in this

zone, the residuals’ concentration is =still  the highest (figure

14,

L. Predominant wind direction

Taking into account a predominant wind direction (p, = T o

T o 708y U = Z,0), d.e. an asyvmmetric diffusion process, 1t ois
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CFigure 1320, Thise zone

thie  me

population figure 127, eventually production armdd @employvment . Tihs

Lower envivonmental guality is not compensated by high

Pity. Larnd prices are lower (figure 175, WA EE

4.4, "Froduction conteol o~ environmental nel oy

fig was to be swpected & stringent policy of this nature
leads to stagnation. Frrooduct dan Higure 14, employment, wages
fiauwe 15, population and 1and prices are all eventually frozen
at certain levels. The differences between the rones however ,
remain. There 1is no  spatial equilibrating mechanism that could
become effective after this environmental policy has been imple-
mented. Mote however, that the absolute level of production at
which the constraint becomes effective is very important for the
overall stability of the dynamic systemn. I environmerntal palicy
measuwres of this kind are executed relatively late in the process
tat high income levels), the attributes infrastructure capacity
and  environmental guality become relatively important in the

location decision and explosive oscillatione are the Consequence.

4.5. "Restructuring of production” - ernvirommental palicy

This kind of policy, leading to a lowering of emission
coetficients, produces somewhiat  swprising results. One could
expect some kind of transition  from bhe development path with

ervirormmental feedback towardese the one without swuwech & feedback.,

Im fact this policy leads to a transient stagnatian of raducti on
= ) =
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tribution an attempt was made, by means of

to explore the interdeperndencies between

envivronmerntal quality. De

simulation model permits the derivatbion of
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2mphas i se, however , that the basic

Suummen 17500,

rycaihes] structure as  uwused for the presented simulations here is

capable of vielding interesting  insights. Further work in terms
of model  improvement and particularly in putting empirical flesh

o the theoretical skeleton could make such a model interesting

for policy applications in the future.
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figure 1: The spatial lay-out
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figure 2: Basic structure of the model
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figure 3: Basic structure of pollution submodel
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