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1.0 _INTRODUCTION

The topic of this paner is the reiation betwaen changes 1N
environmental quality in an urban  reqaion and chany2s 1n the
gensity of land use. Land value studies have shown (See 2.
Andarson  and (rockery 19713 that pollution does have an
impact on lang pricese which in turn  depend on  the value
urban tand users attribute to Yand at 3 given location. If
ltand users utility is affected by environmental qualitys
then this fact 1mplies that they will react to changyes n
the quality of living At their present locstion. These
reactions can pe  of 3 political natures aktempting to
tAprove environmental qualitys A strateqy wnich is quite
costly in terms  of tramsaction costs. They can also search
for a new locationy which offers them a pbundle of character-
istics prefarible to the ones of their residence. This con-
sideration leads us to the hypothesise that migration flows
should be 1nfluenced hy environmental qualitve The relation
between these two variahles could very well change intensity
in the course of urhan  developments Particularly in  the
suourhanisation and tesurvanisation stagde this hygocthesis

shoultd hold.
Jn the other hand emissions of residuals leadin, to pol-

lution in dn urhan redion depend on the density of land use

and the rates of land use activities (such as  enargy <90

introduction 1




SUMCL1ION) v a5 thie tot il volumne emitted 1n 4 Jiven Zoney

dJeperts on fne number of Vund users settled there.

The present coatribution ts a further step in the direction
of verifyina  the theorotical claim stated above (Schubert,

19795 1960: 195375,

An enpirical investigation has bean hampered by the lack of
aPPropriate vata on 3 compatihle spatial scales Recent)ys,
howevery environmental quality datg have begun to sorout and
empirical anulysis is becomina feasible., Unfortunately this
1SNt Guite true yets for the “political strateqy"s lees al)
forns of 2nvironental  policy. For this reason no attempt

15 made 10 the framework woarx of this  contribution to ana-

.

Tyse the impacrts  of  environmental policy directlye. The
resuits presented n2re are an extension of some earlier work
("aiery Scnubert and drunnere 1981) and represent further

results 1n a onjoing effort.

Introducttion ?



240 __THE CONCEPTUAL FRAMEWORK

[+ is thne maein <laio of  this contribution that 3 aynamicy
spmultaneous feedback Sstructure exists Detween the popu~
lation distribution of an urban  reqgion and the distripution

of pullutants ovaer the urhben area (se2 Schubert L2773 1732).

In tne pooulation submodel 1t 15 assumeyg that the residents
of the relevant reqgion react to chanaes in  environmenta)
quality as  they perceive 1t. These reactions can lead to
relocation dactstons ghich in turn  (nfluence the Spatial
gilstrioution of population {see Schubert 19793; 1932; Polin-

sky and Shavell, 19767 %ortney, Kneesa and Sonstelie, 1974).

In fne pollution submodel 1t 15 hypothesized that.amissions
depend  on tpe distritution of  land users over the urban
area, 1mplyinm} that changes in environmental guality cany
ceteris paribuse be traced hHack to changes in the population
Jistrinutions Figure 1 1llustrates the claimed feedback

structure schiematically.

The conceptual framework 3




Population and environmental guality

Figure 1.
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in its must jenaral form we couly Jescribe this stnul taneous
model  Hy o set of  simuloaneous  egaations {see Schubert,

L379; 1987),

(L) R =R (P,...)

P (R,...)

voi
"

(2}

sent the spatial distribution of resi-

@O

where R and P rapr
duals (R) and population (P) over the urban area. Pnpulation
15 to pe understooa as residential  as well as working poou-

1atione.

This process can be seen dynamicallys fe€e A5 A set of
stinul taneous stock=-flow relations. (These relations are
descrived 1n more detail below)s The interesting theore-
tical Juestion iss what are the Hrivinq forces benind these
flows? For the environmentally relevant variabless the phys-
1c3l law ot the conservition of mass constitutes a critical
factory, while in  the population distribution problem the

pehiavior of  urban land wusers has o be analysed In more

detatl.

In the environmental suomodel emissions of pollutants are
s5een As a by-praduct of 1and use activitiese. Tne of the most
rajevant of these acrivities tn  terms of emission intensity
is  the use of various fuels to produce energy, bLoth as

tntermediatae Joods  (such as  electriCitys etcs) ind 35 3
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final ovutpu* (roni himatinge etcCa) or input for tndustrial
puroousess Among the oy-proaucts of these transformation pro-
C255€S on2  Can find many nollutants {such as fumess
aerosolsy dusty norsesy etcs) that have a substantial impact
on tne quality of livina in urban areas. “any of tnese resi-
Jitals are  not only nuisances to  urban residents  but also
Mazards to their 1Tiv2se in modern citigs the proolems of
alir-pollution and noise seem to he the most directly rele-

vant factors four location decisions (see eq. JESTZ [978).

It seems to be essentialy therefores to analyse the spatial
distrivution of ener 5y use hefore attemnting to work out the
pattern of emissions over an urhan area. Figure 2 shows the
steps from the population distribhution to "ambient environ-
mental auality® (in terrs of 31r pollution and noise) 1n the

analytical frauework,

Lata limitations prevented us from working out a whole pal-
ette of maps of pollutantss s0 we had to make a chotce which
ones to include 1nto the analysise The intricacies of econo-
metric booby trigs made this  aoproch even desirable, as the
various pollutunts tend to be higyhly co-linears by their
very nature of  agezpendence on the volume of fuels consumed.
For reasuns of daty availability as well as  its orominent
rank emony urban  environmental nuisancessy sulphur-dioxide

emisston was selected as the "represencative" air pollutant.

Tae counceptuldl framzwork 6



Figure 2. Environment and urbanisation,
the analytical framework
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Among the sources of noisesy traffic seems +to De  the most
notorious ¢ne o0 the average. In  our Cdgse study 3areas. the
city orf Innspruck in Tirole Austriay traffic imolies often
the hi h densitys high speed freeway traffic passing throuygh
the urban regirony constituting the main  connection between
Germany ana Ttalye 50 1t was noise created by automobile

truffic we analysed in this contributions

Turnin, to the lund use decisions nexts it has to be admit-
ted that we rather neyglected the land use changes caused by
the relocation of firms 1n the study area. MNo i1nformation 1s
availavle to assess to what extent land price changes and
environma2ntal policy measuresy asmonqg other variables having
nothing tu do with tnis topic directlys affect land use
decision by urban firms. YWe- did take their snatial distrib-
uti1on 1nto  accounty when we tried to estimate enerqgy con-
sumption and emissions in  tne study reqgiony we did not

analyse the feedoacks howevere

The empirical analysis is essentially dynamic in natures but
the aynamics cannot e tested by means of appropriate longi-
tudinal dats. We were mostly stuck with & cross-section of
the relevant variables over the zones constituting the stuay
re,ton. The parameters of the population change submodel are
to he seen as more or less representative of a given periods
they are most likely sypject to chanae over lonqer periods

of timey esoecially over Tfifferent stages of urpan develop-

Tne conceptutl framework



ment [ sew sCnuberty L9837 vae de ergy et ale, 1992)

uf

thi

The

trits hypothesis "as to pe postooned until the data

S venture.,.

straucture of the model braiefly outlined above.

@laborated in more detail 1n the following sectionse.

The conceptual framework
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3.0__THE_SPATIAL FRAMEWORK

in *hits contribution the term “urban" 1s not to he under-—
stood 1n th2 serse of an administratively defined area. The
phenomena  to be dJiscussed warrant the delimitation of a
regjion witnin which the majority of interactions relatinj to
the migration and commuting issue tdake places Obviously the
spatial extension of such areas varies greatly,s depending on
many factorss the most important one in this analysis has to
ao with the stgge of urban development (see v.d. PRery et

aley 1982).

The concent to pe used for *his specificC task i1s a "Fuync-
tional Urban Region  (FUR)I". We follow ved. Bery et. al.

(1982 pe 55):

Thé concept of Functional trban Reqgions is in practice
interpreted as referring to nodal regionss identifying
urhban centresy and delimiting zones dependent on the
centrese For lack of datas on the interaction between
small areas, functional wurban regions are in fact
delimited solely Ly the size of journey-—to-work flowse
It s essentially a spatial-intersaction approachy trip
di1stribution veinyg considered a fundamental determi-

nant of urban spatial structure.

)

the spatial tramework 1
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Arthin 3 FUR all con*iguous ant  surrounding municipalities
naving a comauting rate of over 15 per cent to the core wer2
includedy defining tne ring of the ggglomeration. (Hi1ssery
1971, Condite, 1978} In  tne case of Inncbruck this ring
practic3lly coincides with the county "“Innsbruck - Land” so
that «ll the 65 communities located 1n  the county were
defined as ring zonese. This rejionalisation offared the
additional advantagye of the avasilability of data for econom-
ic variables which were of great help in some of the con-

sistency cnecks we were able to make particularly on the

variablese

A second ring was defined by using data for the 2 adjacent
counties, one to the Yest ("Imst”}) and one to the East
("schwaz") of the FyUR. As the study area is surrounded DYy
mountains  in the South and North tnat inhibit intensive
interactionsy areas North or South of Innsbruck- Land were
not included in the analysiss (See map (1) in the appendix).
Amony the interactions from the second ring with the FUR
tncltuded into  tne study tndirectly were migration and tne

aiffusiton of resifualse.

the spatial framework Ll




4.0 _ENERGY CONSUMPTION

The use of fuels for the production of energy constitutes
the urosn tand use activity which is mostly responsiblie for
polYution. These transformation processes account for the
majority of  all air  pollutants as well das noise  in urban

dr=a385e

The level of enerqgy consumption in each urban zone has to be
determinedy hencey to be able to compute these emissionse.
Actual  eneryy consumption 15 regarded 3s the equilibrium
between supoly and demand for fuels in this sections As the
prices far most fuels are world market prices, they will be
considered as aiven for the consumer. Wnat quantities of

fuel are cemanded by the urban land users at those prices”?

To keep thinys as simple 35 possibley, we assume profit maxi-
mizing frrms (accepting ~orld market prices as given)s. Fur-
ther we postulate that their oproduction functions be of a
constant returns to scale type,y, in which different fuels for
ener yy production are 1nputs (among others) (see Jorgensons
1977)s Profit maximization implies that the value of the

par Jinal product of dan input has to be equal to its price.

enerjy consumption 12
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where Pf...price of a unit of fuel (f)
Po...price of output of firm
Y ...guantity of output produced by the firm

F ...qguantity of fuel used as an input

g ...elastisity of substitution of F

An elementary transformation yields the demand for the fuel

considered:

= (E2 =
(4) F = (Pf> BY ey

cx post the term (po/Pf) ¢ constitutes A constint in 3
given time period at spatially wuniform prices and production
technolaogyliess Lf Po and Pf are ejuilibrium pricess supnly
of a fuel equals 1ts demands sO we CIn comoute the quantity
of a fuel consumed by mulitplyiny the ®activity level! of
the firm (1eee its value added) by an "enerqgy input coeffi-
cient™. (Hudson and Jorgenson, 1376) Over time this coeffi-
cient  will of  course vary wWwitn eneryy prices and
techrnological progressy as can be  seen a2ven in  the simple
formulation above (an econometric approach to the changes of

ener y coefficients 4as attempted e«ge by Schmoranz 1983).

In our case study we had no information on enperqgy consump-
tion fur all urban zones available. we attempted to estimate
the levels of enerqy use 1n the case study zones by making

use of {94).

energy Consumntion L3




Two promlems Aarnse  1n this connections ie«es no information
of tne net production values as such were avairlanbles only
empltoyment dara for 19 economic  sectors for each urban zone
tor 19746 were given (TeST?, 1976). The net production values
w2re2 estimated via values for this variable for the same

year for the wnol=a of Tyrol (see table (1) in the appendix)e.

Jn tnis Lasis the value added per employee could he computed

and thus the required zonal figurese.

The estimation of the energy d2mand coefficients (=) in {4)
unfortunut=ly 1ad to rely on even more averayed out i1nforma-
tiony, the value added fijures. National enerqgy use data for
3 types of fuel {coals 0ilsy wood) were the only source of

information (see table (2)).

eneryy consumprion L4
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Table 2.

and 19 econanic sectors,

[Sagre SRS I+ U S PO S

3.49328E~-95

2.59807E-05

6.82157E-87"

3.72223€E~36
7.2968E-87
1.563152-95
1.79784E~-86
8
5.37768E-86
2.33443E~04
2.81733E-27
1.36037E-04
4.45379E-638
9.39852E-87
5.18692E-906
1.90829E~86
4.44213E-067
9.82341E~-06
2.61826E-84

1976.

2
2.37664E-85
3.16438E~06
1.91848E-04
5.8442E-86
1.64359E-85
7.97639E-46
1.52423E-835
3.83326£-85
3.83921E-85
2.88942E-86
4.86029£-85
3.33483E-66
2.64974E-86
2.28364E-85
1.44911E-86
9.7€933E~-07
1.96525E-85
7.61614E-85

Source: Camputations by the authors

Tanlte (3)
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r
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.

>
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=2
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g

[}
3.82592E-49
3.15443E£-87
2.49983E-96
2.5782E-95
1.74547E-¢8
2
1.18516E-87
2
2.8576E~83
8.66729E~36
2.78362E-97
g

[
4.93735E-69
B
5.73123E-37
4.9248E-86

the resultsy

and wood consumed

19

approach was chosen)e

as they

(there

sectors and

Energy consumption coefficients for 3 types of fuel

lees the
in each
the

The 3

are the most
that only a

usedy which is obligatory for

is no heavy

1s



tnausty; tn the study 3real.

Jarartungtely no possibility exists at the moment to check
the accuracy of these computations. Tt seemss howevery that
the estimates for housebolds could be too lows the ones for
the firms too bighs This assessrent can only he made indi-
rectlyy as there are offi1ctal SO0-2 emission figures for the
whole of Tyrol by sectory which opoint in the direction men-

tiovned abovee. (ses also section 5)

cner 4,y use by automooiles leading %o noise pollution in the
regyion presents o more A3fficult problems No information 1is
availavle *to compute a meaningful proportionality factor
between 133soline  3and diesel consumption and noise. wne
decidedy hences to use tna average number of vehicles pass-
ing through a zone per day as a proxy for noise oollution

directlye.

For some roads in the rejion we nhad figures on the number of
venicles passing through at our disposals. To be able to
esthimate the automobile traffic for all rones in the study

areds we procaeded in the foilowing way:

It was nypgothesized that the number of vehicles passing

through a zone 1s determined hy the following relation:

eneryy consuaption 16
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- 1 -1 1 i

(93T = o0+ alCh o+ 0T
where T' = number of vehicles passing through zone (1)
¢! = number of commuters
OT'= number of vehicles passing through zone 1

for other purposes (shopping, schcol, etc.)

A matrix  of commutars op2tween all  zones in  the 3Jrea  was
availables. A snortest path alogrithm permitted the determi-
nation of the optimal route for comnuters (using an 3automo—
bile) and thus made 1t possible to assign *hem to different
zones they had to pass throughe This was done for all ori-
4ins and Jdestipations resulting i1n a disktribution of aill
commuters to routes and  zones. Simple ajyqgregyation permitted
the calculation of the hnypothetical numher of commuters

assinyg throujh o zZon=.
4 3

The "other trips"® {27 )} leoring throuah a zone were hypothe-
si¢ced to depend on the size of and distance to the gestina-
tivns that could be reached by passing through a zones. The
stce  was represented  hHy residential  population. The gis-
tances were Average travel times in a nprivate automohile.
These were estimated on the pasis of a Sraph of  the road
system or the [nnsbruck rejions where the average speed was
made dependent an the type of road (freeweays Nighbwayy tocal

roud) and the terrain (flat, mountainsy.

eNeEryy CoONsSUmMPE 1on L7




Poulation potentials were computed using the following for-

mula:

I T
(~) Bt = 3 plgatd)

These estimates were used as  observations In 4 ragression
{see table (4) in the appendix}y which permitted the compu-
tation of automohile traffic density on  all roads in the
study regiony even where no direct information was obtaina-
pblee Four each uyrban zone the number of roads of different
types leading tu the Zone was found from a8 road mape. The
estimated number of vehicles on  all of these routes through
the ¢one were tnen atgyregated and divided by the numper of
routes to yi=ld the gverage ostimated total volume of auto-
mopile traffic an a1l of the zones. The results can  pe

inspected 1n man (2).

ener gy consumption i2
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5.0 __THE ENVIRONMENT

in the framewsork ot this paner we ~ill deal with the natural
gnvironmenty tne  quality of wnich is cnanqged by the human
tand use 3ctivities (oroduction and consumption of Joods and

Services)e

Two types of impacts of these economic activities on the
natural environment can be distinqguisheds Production and
consumption activities can lead to pollutiony, iee« a deteri-

oration of tne quality of the natural environment.

The emission—resiiuals concentration model briefly described
tn the seaguel 15 impliedy  when "environmental  quality" is
rentioned. The stock variable (R} indicates the volume of
pollutants in a Jiven zone (i) whicn has a negative effect
on the well-heing of the resxdents‘in the areae. The flow
variable emissions (E) corresponds to the volume of pollu-
tants emitted 1n the region 1 at the time te. These are due
to the various land use activities in zone 1. These activ-
1ties can U@ of g stationary nature (Ypoint sources"™) or the
sources uvf emissions can be moving (Marea sources™)y such as

agurtomobilese.

The analysis “aes to start from a fundamental Yaw of physics,

the Conservation of mess (5e2 e.Ge Ayres & Kneesoy, 196%2).

The environment 2N
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It 1tmelies that  the total mass of inputs into a production
or consumption pracess has to be equal to the total mass of
the vutputsy which coansi1sts of "useful™ J00ds and services
dnNd wasbte. Tion ualitative mixture of these inputs as well
4% outputs cdan vary greatlye dependina on the technology
appltieds A tacnnology 15 defined a5 a combination of 1nputs
and outputs (see Figiare 3. (For more details the reader
can consult Aany texthook on environmental economicSy e je
Kneese and  ZJowersy 17725 Nijkamp, 19767 3wumol  and Jates,
1972, Bohm and Xneeses 19717 Dorfman  and Norfmans 19723

Freyy, 1372; Millss 19755 Victory 1972 €tCe)w

If more than one technology extsts for the production of
useful progucts {or services for the consumer)y the problem
of tecnnology choice arises. Standard economic theory postu-
lates that this choice depends on the prices of iaputs and
outpDuts {or their expected values)s as well as legal norms
and reguiations in the case of a oproductive enterorise and
on pricesy reguldtionsy 1ncome and preferences for the con-
sumer. The qoal of doing the pest witnh jgiven i(ncomes prices
etCe CcOnstraints often leads to the selaction (and in the
tong run also Jdavelopment) of technolonies that imply more
waste than dJdesirable and technnlogically necessary. This
result often Ccomes about by tne non-inclusion uf the "social
cost™ factors i1nto the production and  consumption decision
{see eegs Baumol and Tatas, 1970). The cor2 of environmantal

policy 1s to "intarnalize™ thesa social cost variables into

The environment 21




Figure 3. Inputs, outputs, technologies.
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the allocation rdeciston of households Ind thwis Jirminitsh the

fevel of environmental axternalities.

whes g technoloyy has heen  chosans tne emission  Af ool lo-

tants Ccan pe Jdeterminea.

The simplest way *o calculate *hese emissions du2 to  an
activity, 1S nences  to use technologicul information  to
estimate "enission cnefficients™ relating activity lavels
anu  emissi1ons of  residualss  de  thus darrive at a3 linear
r2lation hetween amissinns and activity levels for all land

usSer Se

(7) E =pX, where X 1s the activity level

(se2 Ppane HMuller, 1377, Leontief and “ords 139717 DECOy 19773

gen martog et ales 13765 Luptacik et aley 1930;°19382).

Tavle (5) in the appendix shows the emission coefficients
for sulphur dioxide for different VFinds of fuel (DEST 2

1972} .

Jrn the Lasis  of these fiaures we 2stimgted the emission
coeffictents fur the 19 ecoromic sectors for which data were
availavlte on tne level! of 65 zones In the Innsbruck FUR and
63 sones in the second ringe (For tnese sectors enerqy con-
suniption was estinated for each Zone, sae s20t10n 4434} The

following table (taple (o)) presents an  overview of tne

The environment 23




emissian  coefficients uysed to comnpute the SJ-2 emissions

wlhanatin; from cach zone from s*at1003ary sourcesS.

Emission ceefficients for 502 for 19 eoconamic sectors

and 3 types of fuel.

Table 6.

<8178 .p4ss  .pp2s
<8248 8458  .pg2p
-£188  .B458  .pp2s
-0188  .p458 g3
8248 .8458 .8228
-0248  .Bs58  ,pg2s
<8248 @458 pp2g
-0248  .p458 . .pp2g
-B246  .8458  ,gy2g
-B2a8 6458 pp2g
-8248  .p453  pp2s
<8152 0468 .gp2s
-6189  .B458  .pg2s
-0145  .gl4e  .pp2s
-8188 8114  .gg2s
-0188  .g114  .pp23
-0182 9136 8828
(6148 9136  .gpz8
0188, .8114 . ,pp28

Source: Estimates by authors based on OeStz (1978)

In the next step we comcuted the total $7-2  emissions in

each zoune by first calculating the emissions in each sector.

This was achievad Sy multiplylng the energy consunption in

each sectar 1n all 7ones Yy the appronriate emission coeff -

cients andt subsequent a3jreqation over 311 sectors and fuyels

for cach 7ofic.

AN OVREVIEW 1s preserted n table (7)) Aand man (3) in the

The environmant
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To ting the Jdispersion coefficients éj%in 3) we hava to turn
to pnysics  andg meteorolonye. These paramaters are Jenerally
telieved to  decay wirh Jistance from the emission Source.
Furthermore the predominant directinon of  wind in the region

Nas to be taken into account (see "uller and Lesuiss 19743

Uennisy L9977, Mullary 19774

The pysical process ¢an be paraphrased as:  Emission - dif-
fusion = absorption = residuals concentrationa The total
volune of pollutunts emitted at a source is distributed to
the surrounding areas ("diffusion”j. (For a description of
the procasss  s2e 2.j. Isardy 19725 Huller, 1977; DNDennis,

LR77; Schinperty L1977, Bonartes 1970V,

sased on A meteorological-physicul model of residial disper—
510Ny urne can buils up 3 mutrix of spatial diffusion coeffi~
cientse. Thney are the amount of residual concentration in i
caused by one uni* of emisstons 10 j. Total residual concen-
tration can  simply ve  calculated summind  up the contrib-
utions from all units  in the reqgion plus concantration
caused hy emiss5tons outside the rejions A part of tne total

volumes of emitted residuals arrives at the other locations.

tet the emissions arriving at  locdti1on 1 b2 proportional to

the volune of resiyuals emptted at j.

5, Wi 313
()Et e Et
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The total volume of pollutants arriving in 1 i35 then 23ual

to:
?) E; = zj 11 g 4 qel
¢ t v P t’
R b
where 0 igil £1 and ¢ ¥ =1

GF is the volume of poallotants from the “rast of the world",
The stock of pollu*tants 1s then equal  to the stock still
left over from the preceding period plus the addition *di f-
fusing” to region 1 trom the other reyionss Minus the resi-
duals "aoscrpad" by rnature ( 3 Ri)

o S e Tt
O S I B T
(10 Rt Rt—l z €% t £ Y g

In a3 Yony run diffusinn process the stock of pollutants left

over from the preceding period can be neglected.

The computation of the matrix of spatial diffusion coeffi-
cients was hased on a weteorolotical d4iffusion model for the
Inn-valleys the mathematical details of which can be found
in Vergener et. al. (17981). For our purpose we did not
assume averagye meteorological conditions, but a problem sit-
uationy rather Yikely for the case study region during win-
tore (inversion layer 370 meters abnve qround and winds from

the weot witn L meter per sacontd speedl)

Tris selection 1S Mutaivated by the oninion that  there 1s

ircreasing rarginal  Aisatility of  Lollution and  therefnre
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the peaks I resigual concentrattion  Jurinl wineger  tend to
yutde Lthe wmigration da2cision.

PR 1

An overview of the calculazes atexdy stace 4iffusion coeff i-
cients (s presented in table (4) tn tne appendixe Table (9)

;resents the fi,ures of +the estimatsd levels of residuals
15 3

concentration 1n the FU? {(see also map (4))e

Are these 2stimates empirically valid® Unfortunately no data
are  available which permit o rigorous statistical teste
There 1s some avidences howevers that can pe used for evalu-
ation uf tihe goodness of the estimates. The Tyrolean state
yovernment has published same agyreaate figures for all Tyr-
olean counties and some maps indicating the spatial distrib-
utiton of  50=-2 emissions {(amon) other pollutants) over the
whole states on a per square kilometer qrid system. (Amt Ader
Tiroler Landesrejierun jr 198L) As our emissions are computed
for communitias of wvarying size and on a much cosrser spa-
tial sc3ley, o direct comparison w~as possible. [t appears
that in terms of 3Ibsclute numbers our estimates of amissinns
for nouseholds are too lows while the industrial emissions
dre oVerestimatede Visual inspection of the published maps
(see map (5} 1n  the appendix} seems to indicate that the
estimated spat1al  distribution 1s fairly accurate., - 4s this
distrivution is the Jdecision factoar in the ponulatinn chan je
submodely the aoscolute numbers do not matter too much an

this Studye

e environment




Source: Computations by the authors



e caetertor 2hean of +ha qualirty of Yivien, due to no15°y 15
4N other varianle €9 consider 1n A aidration studye. The most
tmportent  Source 9 noisE s usudally the traffic  of
Vel e AL oo informItion wis Aavarlable to relate traffac
density to measurel noise levels, we decided to use this

density 45 such 4% A Droxy (502 5ect 100 4ele ADOVE) .

Table 9. Residuals concentration (SOZ) in the Innsbruck FUR.

181 4569353.48 326 17911.37 348 48964.25
391 2880783.81 327 108874.12 349 35128.98
362 583915.61 328 165167.88 358 185683.15
383 598933.25 329 4378173.82 351 53389.86
364 234587 .81 338 99711.24 352 15228.44
385 3774993.72 331 298413.48 353 176648.68
306 261558.89 332 - 382797.28 354 4920246.68
387 92886.49 333 67983.18 355 78881.44
308 737265.63 334 29382.69 356 55832.26
389 3668259.47 335 1821891.12 357 827283.63
318 76248.65 336 6561.36 358 2418364.13
311 178625.54 337 245631.22 359 12471.98
312 258361.23 338 123879.38 160 186639.55
313 54148.43 334 762853.74 36l 728391.63
314 6973.11 340 992301.27 362 21386.71
315 . 122222.17 341 128745.19 364 688273.16
317 2987.87 342 724796.19 65 4365883.51
319 668861.34 343 199722.81 66 223672.64
328 693677.43 344 11975.42 367 4289776.82
322 4943675.88 345 187910.85 368 145042.61
323 227584.65 346 4181411.82 369 785477.74
325 245398.75 347 2752.95

Source: Camputations by the authors
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There 1s &

fundamental

stuck-flow-relarionship in the popu-

battun  sectoer to consider  too. The stock  of  population
resialng tn zone {1 at Yime (%) is equal to the stock at
the Ssame location tn the previous period (t=1) plus net
natural population chanqge {ie.0. Lirths minus deaths) and net
sigration {(1e«2. 1mmigration minus emigration)e.
11 i_ L1 . -ty 4 ot - ot
(il} Pt Pt—l (B Dt) ( t t)
where Pt ... residential population in (i) at (t)
By ... births in (i) at (t)
D, ... deaths in (i) at (t)
Ii ... Immigrants into (i) at (t)
Oi ... Emigrants out of (i) at (t)
Migration flows are usually represented In a3 migration
mAatrix (Mys 1t 15 useful to have the full matrixs incluging
the moin d1a733naly  indicdating the number of non-migrants
Letweer {t-1) and (v} 1n zone (1)
R ii i i
] = - O
(tey My ! t

Higration 1s

fotlowing

Copulstion

3 spatial

(nteraction variable for wnich the

retatiuns hold by definition:

30
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] b =

(i) It T Mt
. JFL L
i i3

{14} Ot L Mt

where M 1S the number of migrints from rone (i} o () and

I and O are 1amiyratian and outmiaration respectively,

It is 2us,; to s<e from Adefinitions (12) and (14) that the
elements of matrix M sur up to the vector of ponulation at
{(t-1) along the rowse The vector of population at (t) 1is
gained by summing along the columnssy addin; the wvector of
oirtns {(5) and 5uht;dctin: the wvector of deaths (DY. Figure

{4} summarizes these ralatioshins. For 3 mor2 detatled dis-

CuUsSsS10n see HMarer (1983).

In gemoyrapnic moceliny  (se2 e.je Rogers and  willekensy,
17725 Keyfite anda Fliegery 19710 ~icC.) a very pooular tech—
nigue 15 to set up 4 “"rates" modele Tates such  as the | ro-
pensity to  wiilgrate, to commute, the birth and death rates
are defined and then often 1tntarorated as transition proba-
pitities in Markov modelss. Followiny this approach w2 can
formulute the following ra2lation:

i
t-17

i

i3 . J i3
{15) Mt by P 0 SHy <1
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Figure 4. Relations between population components

L
M P
+
B
D
: P,

Stmilacrly Lirth rates B and deatn rates § can be formu-

lated such that (in the simplest version):

io_ i i
{(15) Bt = B. Pt
i 1 41
(t7y D, = 6t Pt

Nnote thatsy  r3ther unconventionally, Dbirth and death rates
dre detfinea on Dt’ not P._4 . This definitinn will be useful
1n tne  operagtionalizacion of the models With these defi—-

nrtions ot hands eoguation {11) can he transformed 1nto:

w
)
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i 1 ST
{(las}) P T e § " P
t 1 1 c t-1
1-g; +

The elzmznts of ' a0 corsoquenely the mpgration rates re
the results of decisions made by tne intividuals in the sys=—

L@ite

In this puper we want to focus on the migratiun dec1S10ny
treating oirtn and  teath rates as  exogenously givens. In
demo ,rannic literature (see for examnle: Feichtingery 1973)

otrtns and deaths are modeled tooe.

AS 1S CORmTON Dractice IiN  @CONOMICsSs we assume the migration
deciston ot an individual to e quided by utility maximiZza-
ttune More grecisely speakingy we 3ssume that 3 cerson will
Ml yrate rrum Zone Lo sone s only when it can  reach 3
Niyher atility Yevel in 1 than 1n zone j. Since the individ-
ual can  make this comparison for every possihle  termingl
zone (including the zone where he now lives), the zone he
actually migrates to, must offer the hijhest utility level

of a1l zones,

50y in a3 system of N ozunes,

(19) Prob (m'h = Prob(U;> U, k = lr.-.ym)

Prob (m't) ... Probability that a person chooses

alternative 1

33
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Stnce the 1ndtvidual starts from a niven zone jeo (17) c3n be

reformulated:

(20)  prob (m*) = prob (v} > U, Kk = 1,...,n)
) 1

Prob (mji) Probability that a person in j

P

chooses alternative 1

Not2 tnat (20) is oriain - specificey while {19) 1s note Both

tormulations will e uttlized later on.

There 15 a rani~ly drowing body of literature, dealing «~ith
"randon utility mouels (Mc Faddeny 1976; Oomencich 8 McFad-
darnty 19755 Hensher s Johnsonse 12215 Heqgenar § Graefs 19923

Anus 1922) e

It 1s 3 cuomaon feature of these models that the utility of
an alterpative  {(4) 1s  assumed to be additively separabile

into a deteraministic (V) and a stochastic part (£).

lanoring the theoretical controversy about the maaninyg of
these two terns constituting utilitye (for 3 snort Jdits-
CUSSION Sec ANdSy LIZ2)y wWwe Can write:

(21) Prob (mlY) = Prob Wi+ el > V) +e

Xl
-
.
L}

l,...,n)

(2¢) prob (a'h) = prob (v{ - vl ] - el k= 1,0

Populotion 34
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The rorormulated  statements Corresponding  to {(17) 3re +the

rignt aand sides o (1) and (42) without superscrint e

First let us *turn to the deterministtc part of utility (V).

Followiny Lancaster (176A5) 1t can be arjued that V is a
cl
k

equations {(2C)y {(21)s (22) of trip ¢haracteristics (C;k).
i

tunction  of  the attrioutes of the zones }oand  an

i, .1 1
=V (Ck""’ Cik"")
The attributes of all zones contained in the studvy can be

divided 1nto 3 grouos (see veds Berqg et ales 1981):

Le Living

As in the other two groupss the 1ttributes pelongin; to
thes qgroup <an be solit up  into real and  price ateri-
butese. Z<al  quality of livinj attributes descripe the
yuanttity and  guality of housing possibilities in tne
zoney of racreation, education, environmental qualx§yv
cutturasl and shopning amenities in  and around the zone,
of sociral jroups  in tha neighbourhood and 50 dne Price

arttrihutes are land prices, rent lovels.e level of prices

of consumer joots.
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Most ormportant tn this yroupg 15 the monetary attribute
tncoune Relevant  real attributes  are security of oD

svatlabilicy of alternative  jobs, quality of the job

1ttselfy chuance of Cir2er, «tc.

3. Commuinication

Ihis group consists or  all tnhe interaction attributes
Tike costs of itnformatinn  3abouyt zones, migration costs,
commuting Ccosty (price attributes)y disamenities of com—

muting and other trips {(real attributesy.,

A full Tist of the operationilized variahles actudlly used
in tne regyressions can be found in table (10). The opera-
tivnalization ran into the wgsual data restriction problems.
No information  for the TUP on  lang prices dand rents was
aveilable. ‘Aﬁ a proxy we used the difference between the
fhuilt up  areds" and the ‘“permanently settled area” ("land
reservejy and populaetion density (restdential population /
perman<ently settled arzaje  To canture the capacity of rec-
regtional facilities we tried two indicatorss ie.ce. employ—
rwent tn the bhotel and restaurant sector and the capacities

of skilifts - a ratner important variable 1n a  s3ki resort

town Such «s Tanshroucks
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Table 10. List of operational variables in the pcopulaticon models.

THEORETIC2I, VARIABLE LABEL OPERATTONAL VARIABLE
"Living”
Real Attributes Housing Quality Quality of Housing Share of apartments with bathroom and
. central heating
Recreational Facilities Skilift Potential Potential of capacity of skilifts
Capacity of Educaticnal School Potential Number of classroams in high-schools
System (Potential)
Environmental Quality Pollution Average 50-2 levels
Noise Traffic density
Shopping possibilities Shopping Potential Potential of jobs in the commercial
sectar
; Price Attributes Land prices Land Reserve Difference between built wp area and
i permanently settled area
¢ Population Density Nurber of residential population per
. square kilameter permanently settled area
"Working®
Real Attributes Jab options Working Potential Potential of number of jobs
Income from tourism Incare due to Tourism Share of beds for tourists in private
houses
Price Attributes
“Communi cation”
Real Attributes Travel time (implicit) Average travel time fram-to center of

zone in minute

Price Attributes

Table 11. Regression results of the population models.

EXP.

VARIABLE STGN SLM LIRFM LORFM
Shopping Potential + 1.44 - .66
Hotel Potential + - - -.87
Skilift Potential + .77 .38 .28
Working Potential + -.55% 051 -.20
3chool Potential + 124.2 L0587 54.4¢
Quality of Housing * 2168.6 .55 1783.2
Income due to Tourism + ~-42.8 - ~68.5
Land Reserve + ~— 027 4310.4
Population Density - .23 ~. 0046 .25
Noise - .053 ~.c51 L062
37
Pollution ~ =lalol) -.315 L0002

Jonstant - .64 L1




Far the Yahor murket relate

tnediey 35 M0 spatially diSa

ments etce 3re avarlahle.

Some ot these attributes are
No1sScr Punulation  “Hensityy g
tourtsmy land reserve)s for
are  taken into  accounty as
these 1S spraad over  the yr
shoppingsschools)e We operat
puting the aupropriate  poten

potentialy sSce e« js P3elinck

In  sowe spplications »of ra

ubserved strictly on  tha in

4 variables we could only use

Fireqated figqures  on vnemploy-

location specific {(ie.2s $O=2
uality of housing, income from
others "snati1 1l externalities”

the opportuntty to "consume"
han  region {jobss recreation,
tonaltized this concept by com-
ti13als {for the dgefinition af a

And i jkimpe 1976).

ndomr  uttlity models Aatag are

divitual Yevel (incomas rente

2tce ) while 1n sume others these are ohserved for aroups of

individuals (average 1NCome,

sartelss 19823,
In our

study the groupinj o

upon the zones of tne study
attributes are averaje values
Dependingy on  the assumptions
the deterministic part ot the
stochas

distrivution of the

noge e corivible from the

Punul st nn

daverage renty (seel  Ltaw 3and

f individuals had to be based

area. Thereforey in our cases
for the different Zon2se

ahout the functional form of
utility function and about the
different

t1C party there are

random wutility moédel  outlined
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dahuve {(Sea uomencion & HoFaddeny [975) .

The most oromincnt oair of assunptions 15 g inear determin—
1s5trc utility function and a stocnastic part indenendently
wWelbull distributedes With these assumptions one ends up with
the wultinomingl 1o ,it model. For  enuation (20) fe logit

formulation 1s: 3
: 5 exp (V7)
Prob (mjl) = SXP AT

(24) Z‘éxp (Va)

j ~1 2 } .1
exp(aici +a Cl T +aicji+ -

2 3 .e
K +...+alek +  ..L)
o]

J

2

Tep (odch +a )
xp( le +Q 2C
s of prohability theorv are

It 15 easy tu see that the axiom

tatfilled in this tormulation.

The main interest of the analyst concerning this model is to
estimite the coefficients («'s) in the deterministic part of

the utility functione

To 4o thisy ovne assumes the coefficients to he the same for
a1l aindividuals 1n je Then an ohservable miqration vector of
people i g migrating £o the n zones (including jYs can b=
treated as sample of realizationss qoverend by (24}). By max-

tmuin Vikelthony methouds the coefficients can he estimateds

In our sample tnere 15 3 severe data restriction to this
approuach. we 40 not know tne full wmigration matrixs Lut only
the vecturs of row=- and column= *otals {(nopulation gistrib-

ution 1o -1 3nt v). So equ3tion {24} 15 not Adirectly anpl -
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cinle.

we tried fthree possitle wiys out of this dilemma.

le A simple lojit-model (SLM)
le A lineac probability reduced form model (LYRFMY
3. A reduced form logyit moael (LORFM)

in tnis model type we simnly assume that there ars no commu-
nication attritutes and the individual™s origin zone is of
no anfluence. “Migration and informatinn  are costless and
therefore peuple are alwiys perfectly informed and in the

uptiwal Zzone.

The Sitwpie Lomit “odel starts form equation (19)s where the
Zones are  tha alternatives an  indivicual can  chosse fromy
and the pocl of people heing in the same decision situations
1s the entire popultation 1tn  the systems 50  the population
distriosution at £ can he interoreted as a sample from the

probabirlity distripntrinn.

Popul ation )
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{(2%) Prob (m™) = ——— k= 1,...,n

The tikelinoo! uf e unservaed population distribution 1%

jiven oy:

(20)y L = 7 }
substituting 3 tinear function for the deterministic part of
the utility functions one ends wup with the loy=likelihood

function (Judge et aly 19805 Wedener 2t Craef, 1932),

(27) 1n (L) = a, zplci + a, zpicf + o

i 1 2
- (zpY) (1n Lexp(ayC] + 0,Cit...))

which 15 tne buasis for maximum likelihood estimation of +he

paraisieters.

In the estimation oprocess it turned out that inclusion of
altl  vuriables leads to a higyhly correlated data set  and
therefore to a singular Hessian matrixe. Therefore vari1aoles
nad to be eliminated from the data set. Since ther2 are two
pairs of variatbles, which are intended to be alternate prox-—
1es for the s3me attribute one variable of each p3ir respec-
titvely <¢oulty .eu511y He elhiminateds For the varirables

actually included into th» reqressiony, check tahle (10},

The results of tne estimation can be found in table (11).

Population o1




In tnis modzl type the communication 3ttribute travel-time
15 1ncludede A Yinearized form  of +he migration probability
s used to derivate 3 rzducerd form function for population

Chungee

Let the utility of a Yocation (1) of an individual be a lin-

ear coandination of the attributes of the location:

The probability that this i1ndividual will mnve from location
{j) to (i) 1n 3 given period of times. given that utility

mAxImisAtion 1s the 4oals 1S Jiven hy:

(29) Prob (m'?) = Prob {("q ¥ - zkakc}j‘b (el - e
Assume further tnat the function P can be represented by the

followinj linear probability model:

~ ji k
(10) Prob (mit) = 2 Gk(C? - C%)
Dropping tae  assumprion of perfect information on a1l the
attributes and assuming individuals to form rational expec~
tatiounsy we have to multinly the attribute differences by an
uncertatnty discount factor. Hypothesizing further that

uncertainty ,rows with distance from the present location

Posulation o7




{
{jir we can farmulate o "fiscount werght funcrtiron” ﬂ'I:

(i) gt = gty 0 s £at)) 21

tquation (37) above ¢an now b2 transformed to yield:

ji, o gk ko _ oKy 4id
(32) Prob (m') LT o (G - Cy) @
) ) i ‘ .
Interpreting the migration rate | 1" (1S} as the nropabi -
ity to wove frowm  {;) to (1) we can substitute (30} into

{(li)y whichy after some elementary transformations, ytelds:

3 i_ R 3 S T B N i i 5
(33) pl-p _, =1 a}((c}iﬂ pl-z C;.{Pt) P, (1485 1)~NM
tauation (33) constitutss a reduced form of (L1} (123 (15)

abovey wnich can be tested oconometricallve.

Note tnat  the individual terms on the right hany side of
{33) resemble the popular formulation of a "potential', thus
producing overlagping spatial sphaeres of  =mutual influence.
The aistance weights Aassure that the influence of very dis—
tant places rem3ans smalle In a further sten to operational-
1Ze  *he model we made all attributes "relative'y by
computing percentages of the total volume of an attrioute
for the whole region  and tnen computing th2 share of the
zonese Furthermore tne “uytility s21ghts” were constrained to
ada to uNnity. {(This formulation resembles an  apoprogch out-
tined oy Hensnher & Johnson (1991s  ap 163 - 177, in which
the can be intarpreoted as constant =2lasticities)s. A con-

.
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strapned ?2-sti,e-least syuares estimation technigue was uti=

Tigw=dsy tine results of which dgre sumnmarized in table {(11)e.

In this mogel type travel time i5 a relevant attribute, too.
un tne  basis of the population “Jynamics funccion (18} and
the Logyit formulation (263 3 reduced form function for +he
population in a 7zone at t is calculateds The Reduced Form

Loyit Yooel substitutres tne miaration probavility (24) for

the ailyration  rate in  the nopulation dynamics function
{18).
S50
1 2 1 j
(ray pioo b g3 SXPLeICy ¥ apby * oot Oyt VB
t i k 1 2 1
ag z exp(alCk + aZCk +..-+Q2Cjk+...)
, 1 1 1 1
= - -+ Y -
with a 1 Bt 8¢ M
Mi ... Net inmigration from outside the case study

region, relative to Pé

Assume spacific values for the coefficients in tne Adenumera-

tor as given for 3 moments tnen

Pupulation (2




N 1 1 1 2
{9} Pt - - exp(alci + aZCi,+ PP B Ki
a
t
J L=l
' 5 Pt_lexH(alei + ..
with K. = & i 1 —) —
v o
Z exp(alck + a,C WLCJK +...00
ey az,...assumed values of o Ay
or in lojirithmic form:
15) i o i 1 2
(30) 1n Pt anl in ap + alCi + azci + ...

cquation (346} can 02 used to estimate the parameters g and

(In  a) with WLSe Tne ohservations are weighted with the

square roots of 0i4 « If the estimated values o differ
from the ones assumed in the Kj sy the estima*ed coeff -
crents can L2 used *o rncaICQIdﬁe the Kj Sy 1IN a sacond
stan. These iterations should be continued until the assumed

and the estimated coefficients Aare sufficiently egual.

ote tnhat  the coefficients of thne communication attr hutes
cannot be computed by means of this i1terative proc2dure. ae
have to assume a3 priorit values for these coefficients. as it
turns cute the estimated coefficient values are not very
sensible to chanyes 1n the coefficients of the communication
dtcributess. The results  of the estimation can be found 1n
taote (li)e For the communication attribute the following

functiron ~as assume!
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ne

1 when i

it
(N

exp(-4.5 - i )
p 5 0.048 dij) when i # j

S0ome remurks Apout the troatment  of "accessibility" have to
be agdeds we used the agpproximnate travel time from zone (i)
to {j) as an attribute to asess the importance of accessi-
vility. In tne LTIR¥My agqgrejation yields a ‘"population
poteat131", when tne Adistance decay function F(dlj) 1s used

tnsteay of the distance directly.

The StM  does not contain o distance friction term at all,

Jue to i1ts naturey while the [LIJRFM gtilirzes f(d‘])' as men-
[

tioned.s 1t does nots howevery d4ppear 3s a Sseparate variables

50 that 1ts inflyence cannot he assessed directly.

6+4__RESULTS OF _THE ESTIMATION

In tne discussion of the rasults of the various anproaches
et us use & criteria to evaluate the suyuitability of the
chusen model for tne oroblem at hand.

The ftirsy criterion concerns the sianificance of the parame-
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ter estimites 1n taerrs of their t-values (which cun be used

onlty as un Approximation to the true values).

The  Jogit mode! i haerkh woergaiops praduces suhstantiaglly
hiyher *-values  for 311 vartablass while the LIRFM  fares
badly on this counts Which varitables scem to he most sianif-—
tcant 1n these chosen approaches? Table (12} presents  an
ovarviews ,enerally speakinng there seems to pe no clear pat-—
terne. The two logit-model hased regressions show 3 similar
rankinge [t i; striking to note how significant the 50-2
variable furns out to be in the SLM and LIORFM, as onposed to
the LIRFM. The recreation variable proxy seems to rank about
equally hizh in all formulations. The quality of housing
variable bounces around considerably. In the LIRSHM it turns
out to oe the most significant variabley in the LORFM 1t
ranks thirdy while in  the SLM it turns out to pe the least

stynificant.

The school potential fares about the same 1n a1l apnrodcnes,
it represents yood middle classe The working potential ranks
fairly high throughouts particularly in the loyit based for-

multactionse

Turning to th2 siqns of the parameters nexts we obsarve that
the results exhivit o wide variety of conformity wi*n RXpec-
tationse The LIAFM (fter some experimentatione of course)

produces the hest possible results 1e ee all parameters have
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Table 12. Rarking of t-values and standardized coefficients (c)

SIM LIRFM LORFM
VARIABLE t c t o] t c
Shopping Potential 1 3 - - 10 4
Hotel Potential - - - - 8 5
Skilift Potential 3 4 2 2 4 6
Working Potential 2 1 4 4 1 1
School Potential 4 2 3 3 6 3
Quality of Housing S 8 1 1 3 7
Income due to Tourism 7 7 - - 5 9
Land Reserve - - 7 6 11 2
Population Density 5 9 5 8 9 11
Noise 8 6 8 5 7 8
Pollution 1 5 .6 7 2 10

the expected signse The two lojit based models conform to

about rounhly 5J percent with expectationss. The moust strik-
10y feature of these models is the consistency of positive
siyns of the pollution varizsbles and the necative sign of
the employment opportunities (this happened in practically

all variarts tried).

The comparison of  the magmitude of the influence of +the

attributes poses problems of different scale.

In tne LIKFY the attributes are all standardized, so that
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the re resstion coaefficients can he diractly compared. They
coula we interpreted as the "demand side* intluence on urhan
gevelopments 35 they are firectly relatead to houshold utitl i~
tye (Fut G oveirvifow Swe table (12)Y. In this model the
qualtity of housing and recreation facilitias turn out to be
the most tmportant decision vartables 1n terms of housnoldis

utitlitye while environmental quality seems *o count less.

The total efrect ot 3 variable on ponulation chanje, nas to
consider the attribute Adifferences, absolute size of the
population and the accessibility structure 3s well (see
equation {(33)). Inspection of the soatial distributions of
the various attributes indicate pronounced differences in
the environmental guality variables and much more even dis~
tributions of the infrastructure as well 3s housing attri-

butese Hencey 2nvironmetal yuality in the 1971-19%1 decade

. .

could have oplayed mure role  constdering  “supoly" and
"demana™ factors together than indicated by the maynitude of

the coefficients only.

[t shoula be mentioned that the results of the LIRFM corre-
spond rougnly to the ranking established by a survey under-
takan by the ¢ty administration of Innsbruck. The low
influence assigned by this model to "accesstoility'y
although perhaps contrary to expectations by an urbIn eCono-
misty 15 corrovorated Dy the survey results (Amt der Tiroler

Landesrejteruny,s 1981V,

Population 49




It 1s notewdrtnys that tne ranking of the attribute weiyhts

15 practically tuentical in the 3LM and LORFM. Elasticities

wore covputeg (for  the 3verdges of the Attributes over the
L4

FUk) to compare  Ythe +otal impact of  changes of attriputes.

The gemand faCtorsy tecs the coefficients as such. cannot be

combured acrouss variahless, 15 they are not standardizeds.

A5 can bHe seen from table (12)s the lojit pased models place
the working opportunities ana the land reserves (leee indi-
rectly Yanu prices) on the top of the scale while the qual-
ty of housin, seems to be racher instgnificant in influence.
soth moifels shuw o comparastively low influence of environ-
mental  quality variabless infrastructure - particularly

schiocls = are approximately equal in ranke

ATD threa models permit the estimation of migration matrices
and population vectorse. Because of the lack of an ohserved
migration matcixy we can base tests strictly speaking only
on the population vectore Howevers the estimated migration

matrices can he checked for plausibility of their elementse.

Lue to the mattiematics of the LIRSMy this modgel produces the
worst resultse The estimated migration matrix contains some
ne jative valuese This 1s inconsistent with the definition of
milgration ritese Tn the other hand, the SLM does not contain
d Sistance friction term at all. Although all the elements

PNt he MLogration matrix gre betwean Zzero and one and sum up

Poputation 50
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£ty one for 24cn rows tney are exdctly the same for 24Ch Owe
Uniy tne LIORFM produces a  mtjration matrixy «htch  ts ¢on-

aistent with the definittian of migration rates (betWseen zero

v
4

Gas

d4nd one  4nt summing up Lo unity over PJach raw)  and a

(&

variagtion over the rowSe In  the soecification presanter
abuvey tne LJRFY pDroduces a aigration matrixs where sixty to
ninety-five percent of restdents of a rone in (t-1) remain

i tnat zoney which 1s 3 plausihle result.

dase¢ on the 2stimated miaration matrices population vectors
for time (t) can be estimateds Reqgression of the observed
popultation on the estimated fiyures for SLM and LIORFM yields

the following results (see table [(13)).

Table 13. Regression results of relation between estimated
and actual population in the Innsbruck FUR.

SIM LOREM

R-square .9841 .9992
Intercept 223.84 . ~4.81
{220.95) (53.95)

Slope .9398 1.004
(.0150) (.0037)

values in parathenses are standard errors
soth models explain a high percentage of the observed oopu-

ifation distrioutiony neverthelessy on  this criterion the

LIRFM 1s clearly superi1or to the SL%.
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740 _SUMMARY_AND CONCLUSIONS

The bi jgest Jdrawback af the presented analysis is the lack
of  Jdata for direct tests of validitys. The environmental
quality information available cannot be wused as such in a
fecdpack model of the kind dJdescribed. Further work to bring
tojether different approaches seems warranted. Lack of spa-
tially disagyreqated fuel consumption data is another obsta-
cle to reliable empirical work in this fields Althougyh the
estimates made 4o not seem too far fetched, the state of the
art could te qgreatly improveds A real dvnamic analysis, of
coursey cannot rely on constant enerqy input coefficients,
An 3ttempt to 0 beyond the nationally hased study by Schmo-
ranz {1993 introducing; reqional supniy {(and other
specific) factors would seem worth the researchers while.
Similar ohservations can  pe made on the environmrental sec-
tion of the study. Emission coefficients, we Knows depena on
environmental policy measuress Tut data to verify this claim
dre virtually non existente. Ancther serious deficiency is
the absence of an explicit relation between the environment
anyg the spatial distribution of firms over the urban regione
It 1s not only the lack of environmental data, but generally
the absence of zonals economic data which prevent such an

Aanalysise

A disturoing fact concarning the results of  the population

w
I

Sufimary and conclusions
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submodel 15 the varpation in the results. Yore work seams
padly needed to 0e aule Yo recommend any particulsr methou.
From tne estimation point of views the SLY for whicn a max-
tmum YTikelihond method can be  usadsy 15 the most attractive.
The LIKFM produces Acceptable results from an a-priori point
of views which 1a thi1s case coincide with some survey based
informations The LO%FY starts  from the least restrictive
set of assumptionss {The opresvecification of the Jdistance
decay function Japp2ars to be rather harmless.) The esti-
mation technique, via an i1terative LS based procedure is not
very satisfactury. “aximum Likelihood methods on the reduced

form (wegyeners fortncominyg) run tnto problems with natural

population chanjge.

in the cross—-section hased modaling strategy, urpan Jdevelop-
ment, in the Tony run turns onut to be "supdly side™ drivens
as 1t 1S tne relative attributes (tn whatever form
specifiad) tnat change over time, while the constant coeff -
clientsy representing the “demand side" (utility)sy remain
padssives It saems unlikelyy howevery that this constancy 1is
a fact of life, dDut unfortunately not eonough long run lonni-
tudinal  Adata dare available to  ammend this unsatisfactory
situdtions Whether this problem can he overcome® Dy compar-
1son of urban reyions 1n  different development stajes still
ramarns Jan  upen questiony altnouah *there 15 some evidence

that tnis may ve the case (Schubert, forthcoming).

>imdry and conclusions 53




BIBLIOGRAPHY

Amt der Tiroler Landesregierunyg {(1981) Umweltbelastung durch
Schadstoffe in der Lufts durch Ldrm und durch Blei

AnasyAs (198B2) Residential Location Markets and Urban Trans-
portationy Economic Theory, Econometricsy and Policy
Analysis with Discrete Choice Modelss Academic Pressy
New York

AndersonsRey CrockerysTe (1971} Air Pollution and Residential
Property Valuess Urban Studiesy Vola8s ppa171-180

AyressRes KneesesAs (1969) Productione Consumption and Ex-
ternalitiesy American Economic Reviewy Vole 59¢ Noeo 3
ppe 282-297

BaumolsWes DatesyWe (1975) The Theory of Environmental 2oli-
Cye Externalitiess Public Outlayse and the Quality of
Ltife. Prentice-Hall. New Jersey

BenariesM. (1980) Urban Air Pollution Modelings MacMillan,
London

van den Bergs Lesy Drewetts Rov Klaassensy Les ROSSiy Aey Vi -
verbergy Ce {1982) Urban turope: A Study of Growth and
Decliiney Pergamon Press, (Oxford

dgohmyPes KneeseyAs (1971) The Economics of the Environmenty
MacMillans London

Conditty Gs (1978) Stadterneuerung und Stadterweiteruny in
den Osterreicnischen Ballungsregionens Wien

den Hartogy Hes, Houwelinge Aes Tjany H. (1976) Economic (on-
sequences of Anti-Pollution Activitiese In: Nijkamp, Pe.
{eds) Environmental Economicse Martinus Ni jhoff, Lei-
den

Jennisy Re (1977) Regional Air Pollution Impact: A Disper-
siton methodology developed and applied to energy
systemse [1ASAs Laxenburg

S Brewel



Domencichy Tee McFaddensy Ds (1975) Urban Yravel Demand: A
Behavioural Analysisy North Holland, amsterdam

vor fmans Rey Dorfmans Neo {(eds) (1972) Economics of the En-
vironmental Policys New York

Feichtingers Ges (1973) Bevolkerungsstatistiky de Gruyter,
Berlin

Freys Be (1972) Umweltokonomie. Van den Hoeck & Ruprecht,
Gottingen

Gissery Rs (1971) Bevdlkerunysentwicklung der stddtischen
Agglomerationen Osterreichs 1951-1961-1971« Institut
fur Stadtforschungs Nr. 10y Vienna

Henshers NDey Johnsons Le (1981} Applied Discrete Choice Mode
linge Wiley & Sonss New York

Isardy We {(1972) Ecologic - Economic Analysis for Regional
Development, Free Pressy New York

Jorgensonse 0. (1977) Consumer Demand for Energye in: Nord-
haus We (eds) International Studies of the Demand for
Energys North Holland

Judges Gey Griffithy Wey Hills Raey Leey Te (1980) The Theory
and Practice of Econometricse Wileyy, New York

Keyfitzs Neoy Fliegery Neo (1971} Populationy Facts and Me-
thods of Demographye Freemans USA

Kneesey Aey» Bowersy Be. {(1979) Environmental Quality and Re-
si1duals Managementy R.feFsy Raltimore

Lancasters Ko (1966) A New Approach to Consumer Theory. In:
Journal of Political Economys Vol 84y pp. 1292-1109

Leontiefs Wes Fordy De (1971) Air Pollution and the Economic
Structures Empirical Results of Input-Output-Computati-
onse Mimeo

Liawsy Key Bartelss Ce. (1982) Estimation and {nterpretation
of a Nonlinear Migration Model. In: Geographic Analysis
Vole L&y ppe 229-245




T

Luptaciky Mey Schubert, Uess Schmoranz, Y. (1982) Umwelt, In:
Mandl C. (ede} Methoden und Modelle zu den Osterreich
Prognosen bis zum Jahr 2000. OUldenburgs Minchen

Maiery Go (1983) Analyse der Revolkerungsverteilung in stidti-
schen Agglomerationen mit Hilfe eines mikrodkonomischen
Migrationsansatzes und eine empirisch Skonometrische
Fallistudies Dissertations Wirtschaftsuniversitdt wieny
vienna

M3iery Gas Schuberts Uey Brunners Eo. (1981) Eneryy Use, En-
vironmental Quality and Urbanizatione. Paper presented at
the 2lst European RSA-Conference, Barcelona, 198l

McFaadeny, De (1976) Quantadl Choice Analysis: A Survey. In:
Annals of Economic ahd Social Measurement, 5/4v ppe 363~
390

Milisy Eo (1975) Economic Analysis of Environmental Probleams
New York

Mullery F. (1977) Een Interregional Input-Output Model met
Restricties voor Energie en Milieuy Leiden

Mullery Fey Lesuiss Pe (1974) Predicting Air Pollution Levels
in the Rijnmoud Area: Experience with a Multiple Source
Dispersion Modely Rotterdam

Nijkampy Pe (1976) Environmental Economigsy Martinus Nijhoff
Leiden

OECD (1977) Energyy Production and Environmenty Paris

BESYZ (1978) Osterreichisches Statistisches Zentralamty Um-
welt Datene Puble Noe. 497y Vienna

Paelincky Jey Nijkampy P. (1876) Operational! Theory and
Methods in Regional Economicse Saxon Houses Lexington

Polinskys Aey Shavells S. (1876) Amenities and Property Va-
tues I1n a Model of an Urban Area. Int Journal of Public
Economicss Vole Sy Nows 1¢2

Portneyy P. Sonstelies Jey Kneesey, As (1974) Environmental
Qualitys Household Migration and Collective Choices In:
Haefeles E. The Gouvernance of Common Property Resour-
cesy Resources for the Future

Royersy A.y willekensy F. (1978) Migration and Settlementy
Measurement and Analysiss IIASA, RR-18, Laxenburg

Eala o AN




Schmoranzs e (1983) Ei1n Progynosemoudell der usterreichischen
Energiewirtschaft, unverdffentlichter Projektperichty
Institut flir nohere Studien, Vienna

Sehuberty Ue (1979) Environmental Quality and Jrban Land
Marketss Ph.De Dissertations University of (alifornta,
San Diejo

Schuberts Ue (L980) Der Einfluss einiger Massnahmen der um-
weltpolitik auf die Verteiluny der Bevdlkeruny uber dJas
Stadtgebiets In: Jahrbuch fir Regionalwissenschafty
Noe 1y Vandenhoeck & Ruprecht, Gottingen

Schuberty Ue {(1982) Environmental gualitys Abatement and Ur-
ban Development. In: Sistemi Urbaniy Vole 2y ppe179-203

Schuberty Ue (1983) Population and the fnvironment - An
Intra-Urban Approachs Paper prepared for the U.Ne-Con-
ference on “"Population and the Environment"”, pudapest,
forthcoming

Victors Pe (1972) Economics of Pollutions MacMiliane London

vergainery l.y Dreiseitl,y Ee.» Feichter, J. (1981) Ein zwei-
dimensionales Ausbreitungsmodell fir das Inntale In:
Mitteilunyen der Deutschen Meteorologischen Gesell-
schafty Nos 2

negyeners M. (forthcoming) Estimating “ultiattribute Spatial
Choice Models when the Choice Matrix is Unknown

Wegeners M., Graef, F. (1982) Estimating Multiattribute Spa-
tial Choice Modelse I1ASA, WP-82-93, Laxenbury






APPENDTIZX



T MM

e

FRERN

LA

LI
w1001 ] o ot o ot oy

S3U0Z UNI-- 6IE{OL) -10£ (OL) *10L{0L) Sepoo eaxy
(2BUTX 12300,) zEMPS ‘ISWT-- GO, PUE 7O, SSPOO BSIY
" (. BUTX T8UUT,) pURT MONIGSUUI-— £OL SPOO eary
(,2100,) £3TO PNIGSUUI-~ QL SPOO BBIY

eoIe Apnis ayg



Table 1. Net production values (NPV) in the Innsbruck FUR by zone

1876
181 12437367.8 326 66199.8
38l 2399a7.8 327 R73139 a
382 31788.5 328 31517.3
383 14661.5 329 91576.4
34 88181.8 338 43885.2
385 8138.4 331 59¢54.8
386 18445.9 332 46769.4
387 16482.5 333 45666 .4
388 28821.6 334 124888.5
189 67688.8 335 36217.4
k3] 256134.8 336 188d6.7
311 15186.3 337 43419.2
312 40872.1 338 2174329
313 79197.2 339 14493.1
314 15888.4 348 98793 .4
315 18286.7 341 29582.8
317 8643.4 342 7184.9
319 158853 .8 343 6168.7
328 71339.6 344 37478.4
322 42317.6 345 21485.8
323 11962.9 346 466684.1
325 23283.8 347 9294.8

Source: Camputations by the authors

‘ Table 4. The determinants of autamobile traffic

348
349
350
351
3s2
353
354
355
356
357
358
359
368
361
362
364
365
kLT
367
368
369

(traffic desity in the Innsbruck FUR)

MULTIPLE R .7875_ ANOVA DF SUM SQUARES
R SQUARE .5606 REGRESSION 2. .5941E+09
STD DEV 3344.1778 RESIDUAL 53. .5927E+29
ADJ R SQUARE .4723 COEFF OF VARIABILITY 61.4PCT

VARIABLE B S.E. B F

PENDLER- 3.088 .729 17.921
WBPOT 877 .871 1.171
CONSTANT 2677.855 1148.483 5.433

DEFINITION OF VARIABLES:

PENDLER'..... NUMBER OF COMMUTERS
WBPOT ««+.+. POPULATION POTENTIAL

Source: Camputations by authors

S

IG.

gee

.284
L824

((Qf‘ B

53372.

21219

72739.
253722.
28536.
22284.
1224756.
137287,
36216.
499746.
68250,
23806.
2731%.
$377.
12868.
129393,
65687,
12765.
346824,
17845.
286798.

ur—-mr—-muwwmmmmmmwmmmn&:m

MEAN S5Q. F
.19E+09 17.71
.11E+88 SIG.

BETA

57215
.72388

ELASTICITY

.28991
1.15879
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Table 3. Fuel consumption in the Innsbruck FUR
(Estimates for coal, oil and wood used in 1976
for all 65 zones of the study region).

181 159272.38 141461 .47 23434.82

381 2191.48 3169.83 468.82
382 597.77 289.46 182.71
3e3 517.45 67.23 8@.58
364 2318.34 1896.46 312.49
385 389.62 59.85 66.53
386 395.22 145.22 56.68
387 541.19 184.18 73.44
388 8682.14 359.65 86.42
369 1271.26 1588.3¢ 198.12
318 2223.78 1834.57 295.84
311 333.68 142.87 33.13
312 889.31 345.68 188.31
313 1415.78 843.49 126.53
314 297.53 136.33 38.41
315 . 482.61 92.68 76.12
317 238.19 86.96 36.85
319 1848.26 1232.37 368.42
328 1575.85 1140.98 186.44
322 1146.37 468.38 148.39
323 471.31 42.61 35.36
325 369.27 282.8¢ 58.84
326 1875.36 683.11 135.29
327 693.27 552.77 99.68
328 417.35 319.34 71.83
329 1215.62 763.04 215.74
33e 16568.86 . 793.10 161.79
331 793.31 453,59 130.33
332 733.24 712.34 182.77
333 1016.47 2808.23 137.89
334 1787.78 1132.85 256.13
335 581.99 681.48 85.89
336 554.82 95.28 24.98
337 907.98 188.74 128.51
338 1243.25 292.89 55.57
338 487 .89 117.11 84.88
348 614.55 3697.99 98.15
* 341 661.13 188.46 74.52
342 t235.62 96.87 37.39
343 242.11 37.85 41.11
344 366.69 422.38 64.47
345 625.41 231.56 71.57
346 3662.5¢9 6348.98 876.23
347 228.64 181.25 11.84
348 '572.58 561.28 187.65
349 836.14 44.31 59.95
358 33%93.88 1384.88 247.52
351 1923.7¢ 2847.65 237.84
352 578.82 161.84 98.95
353 448.15 156.69 65.32
354 57357.19 16685.23 1557.82
355 1989 .88 1283.4¢8 289.12
356 476.14 261.81 73.73
357 5529.33 19135.85 918.17
358 1183.8¢ 422.88 344.19
359 576.46 227.56 67.23
368 616.96 285.59 66.29
361 162.48 72.16 16.11
362 378.62 75.19 37.78
364 1772.18 1786.42 392.89
365 1743.29 589.98 24e.51
366 496.58 56.91 36,7y .
367 8482.69 27781.35 2328.57
368 586.81 154.72 42.35

369 6235.84 3272.4% 638.85

Source: Camputations by the authors



Table 5.

Solid fossil fuels
Cil - light

Ori - medium

O1l -~ heavy
Garbage

Natural gas

LoLlEg2
L2903
L4555
04630
L8277

.84e83

Emission ccefficients for SO

2

-
\/C?
&
o &
o
2$<>¢ “Qﬂe
s B Y
s o7
Lo v N
7 Ry 5
Laprel g 5
LAY & & o
< @ & &
hd

81462 81442 .248¢0
d.00808¢ -85918 .81333
.0¢036 LB3053 .021¢0
L54694 .04545 .44583
.69245 3.8608¢ 3.08¢08
.0884d3 ¥.008¢0 g.8d908¢

.918485
L1356
L8279
.83838
N LPY

08388

for 3 types of fuel.

81714
81379
.62147
.04889
¥.00000

é.00080

Source: Camputations by the authors, based on "Emissionskataster

fiir Wwien"

Table 7. >

181
EL' 23
3e2
383
394
3és
386
387
g8
389
318
311
312
313
314
315
317
319
328
322
323
325

7368.27495
165.62431
17.2398¢
11.87388
69.88737
7.81137
11.48398
11.98572
29.85361
$3.36331
95.88176
8.18531
26.43234
42.72865
7.33108
9.65271
5.53162
82.85157
66.65704
37.79229
9.89483
18.85469

(OeStZ,1978)

326
327
328
329
338
331
332
333
334
33s
336
337
338
338
348
341
342
343
344
345
346
347

SO, emissions in the Innsbruck FUR.

33.16921
28.83857
17.74955
41.38421
58.52796
25.98941
31.48415

187.85852

54.41239
36.57173
18.94939
21.67117
36.10814
18.4184@8

175.74723

15.65311
8.22189
5.34738

16.76114

16.68355

331.95639

Source: Camputations by the authors

5.89885

348
345
358
351
352
353
354
355
356
357
358
359
3ee
36l
362
364
365
366
367
368
369

61452
01490
w2ldy
.ddoil
83800

-82009

21.77639
15.66469
185.98733
86.38165
15.98827
12.15328
1962.83723
66.11931
13.36887
$929.28743
36.79192
14.66789
17.95879
5.28935
8.85399
187.66295
47.88862
9.66262
1418.36276
14.118481
217.88838

.Bl8ll
L8113
6.8606Y
d.0¢00¢
0.98v48

g.08908



Source: Computations by the authors



Steady state diffusion coefficients for the

Table 8.

Innsbruck FUR.
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