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Abstract

The relationship between the economy, mobility, infrastructure and other
regional features is described by an interregional dynamic model, named
MOBILEC. Its main characteristic is the mutual influencing of the
economy and mobility. With the help of MOBILEC time paths of regional
product, employment, investment and mobility (passengers and goods;
transport modes; transport flows by motive) can be simulated for each
region. It is also possible to calculate by region the effects of mobility
policy and spatial economic policy on the quantities mentioned. The
simulation results of the mobility and the economy of the province of
Utrecht are presented.
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INTRODUCTION

In political circles transport infrastructure is generally considered as an important factor for economic
development of countries and regions. However, it turns out not to be easy to determine the contribution
of infrastructure to economic development.!
In practice a traffic model is often used to examine to what extent the infrastructure has to adapt for
conducting the future mobility. In this approach the causal connection between econoniy and mobility is
put in such a way that the economic situation is one of the determinants for the size of mobility.2 This
approach does not allow one to determine the extent to which the construction of new infrastructure or
the improvement of existing infrastructure promotes economic development. Neither is it possible to
determine to what extent not widening the infrastructure slows down the economic development.
The mutual influencing of the economy and mobility is the main characteristic of an interregional
dynamic model, named MOBILEC (MOBILity/EConomy). MOBILEC describes the relationship
between the economy, mobility, infrastructure and other regional features. It is a neoclassical growth
model, but adapted in such a way that it can generate unemployment. The model is macroeconomic on
the level of regions within a country or country parts within Europe. The model contains 37 equations
and 37 endogenous variables.

The model takes account of:

(1) the bicausal relationship between the economy and mobility in connection with the difference
between productive and consumptive mobility;

(2) the infrastructure as a limiting condition (to change by policy) for the mobility and therefore for
the economic development; before the maximum mobility is reached, the limiting effect of
infrastructure is revealed in the form of increased travel time;

(3) the geographic situation of the regions in connection with transit traffic;

(4) the importance of regional features for economic development;

(5) intra- and interregional flows of transport; flows of transport are not, as in a traffic model,
assigned to specific stretches of infrastructure;

(6) the economic connection between regions;

(7) the economic growth by means of net investment and technological progress, which increase the
capacity of production.

With the help of MOBILEC time paths of regional product, employment, investment and mobility

(passengers and goods; transport modes; transport flows by motive) can be simulated for each region. It

is also possible to calculate by region the effects of mobility policy and spatial economic policy on the

quantities mentioned.

The article will give a description of MOBILEC. The model has been applied to three regions of the

Netherlands: the simulation results of the mobility and the economy of the province of Utrecht will be

presented in this article. It will happen in the form of long-term projections from 2000 to 2030, on the

basis of four scenarios3 of economic environment and five variants of mobility policy.

PRODUCTIVE AND CONSUMPTIVE MOBILITY

There exists a bicausal relationship between economy and mobility, which can be found as follows.

A production function describes the relation between the input of production factors and the output of
commodities. Besides the usual production factors labour and capital, the production factor traffic
infrastructure can be distinguished. However, one should not admit the size of infrastructure in the
production function but the part of it that is utilized for the production. The infrastructure utilized is to
identify with the mobility for productive ends, expressed in terms of the number of passengers and the
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number of tons of goods which have been moved through this infrastructure.

Transport of goods and business traffic concern productive mobility. If the moving motive refers to
shopping, attending of education courses, paying of visits/staying, recreation/sport, and
driving/walking, it is a matter of consumptive mobifity. Commuter traffic comes into being because of a
productive performance outside the residence; for that reason it is a matter of productive mobility. On
the other hand it can be posed that commuter traffic is the consequence of the consumptive wish of
living in a more attractive environment than where one is working; from this view commuter traffic is to
be characterized as consumptive mobility. This difficulty results in a separate equation for commuter
traffic in MOBILEC.

The production function contains productive mobility and not consumptive mobility. In accordance
with the production function, the direction of the causal connection goes from mobility to economy. In
case of consumptive mobility the consumption function, which describes the relation between income
and consumption, plays a part. In accordance with the consumption function, the direction of the causal
connection goes from economy to mobility.

THE MODEL

MOBILEC contains a Cobb-Douglas production function to which is added the regional production
structure and the regional urbanisation:

k .k ..k ..k
Vo= N KP (@Tpic) (1 Tpiig (11 Tiien"™ (I Tp1,,)""

k k
(TTp20)" (01 Tp3)" (YY) exp (eCo) M
where:
Y, - real geographic product of region r;
A - state of technology in regionr;
N; - labour volume in region r,
K; - real private stock of capital goods in region r,
Tpig; - productive mobility of goods by lorry from region s to region r;
Tpiigy -  idem, by train;
Tpiii; - idem, by ship;
Tpls - productive mobility of business traffic by car from region r to region s and back to the
region of origin r;
Tp2s - idem, by train;
Tp3s -  idem, by bus;
Yn, - real value added of the labour-intensive industries in region r;
Cr - indicator for the extent of urbanisation of region r: share of the population of the
municipalities with a head centre of more than 50,000 inhabitants in the total population of
the region.

The endogenous variables are in bold typeface. Greek small letters represent coefficients, which can
adopt whether or not region specific values; for the sake of simplicity, they are not equipped with an
index r, rs or sr.4 There are k regions: s =1, 2, ......... | k.5

Contrary to what the neoclassical theory teaches, marginal labour productivity does not determine the
real wage rate in the model, but the real wage rate, taken exogenously, determines the marginal labour
productivity:

Ny = w )
ON,
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where w; represents the real wage rate. Because of eqn (2) the model can generate unemployment,
contrary to the neoclassical theory with its flexible prices.

The productive mobility of goods by lorry from region s to region r takes such a size that its marginal
mobility productivity equals the real price of productive mobility of goods by lorry:

Yy = ppis (3.9)
OTpig;

where ppigr represents the real price per ton of productive mobility of goods for covering the distance by
lorry from region s to region r. The same type of equation applies to the productivity of freight transport
by train - eqn (3.ii) - and by ship - eqn (3.iii).

Likewise the marginal mobility productivity of business traffic by car from region r to region s and back
to the region of origin r equals the real price of productive mobility:

Y, = ppls @.h
ITplys

where ppl,s represents the real price per passenger of productive mobility of business traffic for
covering the distance by car from region r to region s and back to the region of origin r. The same type
of equation applies to the productivity of business traffic by train - eqn (3.2) - and by bus - eqn (3.3).6
The stock of capital goods in eqn (1) is measured at the beginning of the period t, K. It is extended by
(private) net investment in period t, Iy, to the stock of capital goods in period t+1:

Kyt+1y = Ky + T 4)

The time index is only written in those equations where variables refer to different periods.
Regional (private) saving S, is a function of regional income, which is equated, for the sake of
simplicity, to the geographic product:

S;=c Y’ (5)

The level of the national (private) investment Iy is determined by the national (private) saving reduced
by the deficit on the state account and the surplus on the balance of payments : Iy < Sy.7 If the state
account shows a surplus and the balance of payments a deficit, it holds Iy > Sy. The possibility of
inequality between national investment and national saving is represented as follows:

In=TnNSN

where I'y < | in case of a deficit on the state account and a surplus on the balance of payments and [y >
1 in case of a surplus on the state account and a deficit on the balance of payments.

From saving S; of region r, [ S; is used for investment, either in region r or elsewhere in the country.
So regional investment equals regional saving I'; S;, increased by the interregional savings balance. In
case of a positive interregional savings balance of region r, savings flows on balance from elsewhere in
the country to region r: It > I't S.. A negative interregional savings balance of region r implicates a
outflow, on balance, of saving from region r to elsewhere in the country: Ir <I; S;. The possibility of
inequality between regional investment and regional saving is represented as follows:

L=®. T} S (6)
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where @; > 1 in case of a positive interregional savings balance and @ < 1 in case of a negative
interregional savings balance.

A region may expect a positive interregional saving balance, if - compared with other regions - it is
financially attractive to invest there. Against this background, the ratio of the capital rate of refurn in
region r to the whole country (as a average of all regions) is to consider as a explaining variable for the
quantity @y

In many countries the entrepreneur can obtain a premium on investment under certain conditions. The
level of the premium is, among other things, dependent of the region where the investment is realized.
The ratio of the investment premium in the region r to the whole country (as an average of all regions) is
the second explaining variable of the quantity ®.

On the basis of the foregoing the following equation for @; is formulated:

@ = ¢ (Yeowe - oo T, / Yo wi = ponTon ) © exp (miimy) ™
K, KN

where:

(Yr - wiN; - pp Tpr)/Ke - capital rate of return in region r;

(YN - wNNN - pPNTPNY/KN - capital rate of return in the country;

m, - investment premium in region r;

my - investment premium as a average of the country.

ppeTpr is a contracted notation for: E (ppisc Tpise + ppiisrT piige + ppiiisr Tpiise + pPlesTPles + PP2rsT P2 +
PP3rsTP3rs)- | .

ppnTpn is a contracted notation for: }i li (ppiscTpise + ppils I piige + ppiiig Tpilise + pplisTples +
PP2es Tp2es + pp3esTp3rs). o

The investment premium is to quantify as the weighted average of the current premium percentages in
the municipalities of the region in question, with the population of the municipalities as weights.

The consumptive mobility from region r to region s and back to the region of origin r is determined by
the income of region r, equated to the geographic product for the sake of simplicity, the price of con-
sumptive mobility, and the regional features metropolitan character and possibities of recreation in
region s in proportion to those in region r:

Tetrs =01 V' (etr)! e2e)™"? @e39" (BLs P (Rets ) &)
By/L, Ry/L,

where:

Tel, - consumptive mobility by car from region r to region s and back to the region of origin r;

pcls - real price per passenger of consumptive mobility by car for covering the distance from
region r to region s and back to the region of origin r;

pc2, - idem, by train;

pe3s - idem, by bus;

B; - population in region ;

L, - surface area of region r;

R; - surface area of wood and savage land in region r.

The commuter traffic from region r to region s and back to the region of origin r is determined by the
income of region r, the price of commuter traffic, and the per capita employment in region s in
proportion to that in region r:
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where:
Twl,s - commuter traffic by car from region r to region s and back to the region of originr;
pwlys - real price per passenger of commuter traffic by car for covering the distance from region r
to region s and back to the region of origin r;
pw2,s - idem, by train;

pw3;s - idem, by bus;

The same types of equations apply to consumptive mobility and commuter traffic by train - eqns (8.2)
and (9.2) respectively - and by bus - eqns (8.3) and (9.3) respectively.
The mobility price consists of travel-distance costs and travel-time costs; by lorry or car:

PPisr = ppdig digr + pptisr hige (10.0)

pplis = ppdlgdls+ pptl hlg (10.1)

pelys = pedlsdls+ petls hlyg (11.1)

pwls = pwdldl+ pwtlhlg (12.1)

where:

ppdis; - real price (per ton) per distance unit of productive mobility of goods by lorry from region s
to region r;

ppdlys - real price (per passenger) per distance unit of productive mobility of business traffic by car
from region r to region s and back to the region of origin r;

ppclis - idem, consumptive mobility;

ppwl - idem, commuter traffic;

dig - distance by lorry from region s to region r;

dly - distance by car from region r to region s and back to the region of origin r;

pptigs - real price (per ton) per time unit of productive mobility of goods by lorry from region s to
region r; .-

pptls - real price (per passenger) per time Unit of productive mobility of business traffic by car
from region r to region s and back to the region of origin r;

petls - idem, consumptive mobility;

pwtls - idem, commuter traffic;

hig; - travel time by lorry from region s to region r;

hlg - travel time by car from region r to region s and back to the region of originr.

The same types of equations apply to train - eqns (10.ii), (10.2), (11.2), and (12.2) -, to ship - eqn
(10.iii) -, and to bus - eqns (10.3), (11.3), and (12.3). Travel time increases, the more the road
infrastructure in region r and s and in the regions to pass through is utilized by lorry or car: ‘

. . . i .

higyty = gisyy ( 141 Upeer) o+ Useny_t+ ZUggrsye-1) v (13.1)
Vipy + Vs dZVd(rs)(t)

hlgg = glsm)( 1 +%1 Unen 2+ Usen_t ZUgqesye-) )W‘ (13.1)
Vip + Vs + %Vd(rs)(t)

where:

gig - travel time by lorry from region s to region r, if vehicules do not influence the speed of each

other;
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gl - travel time by car from region r to region s and back to the region r of origin, if vehicules do
not influence the speed of each other;

Ur - utilization of the road infrastructure of region r;

Ugesy - utilization of the road infrastructure of the regions to pass through between region r and s;
Ve - capacity of the road infrastructure of region r;

Vags) -  capacity of the road infrastructure of the regions to pass through between regions r and s.

The utilization of the road infrastructure concerns the expected utilization in period t; it is equated to the
actual utilization in period t-1. So hig(y and hlq represent the expected travel time in period t. The
same type of equation applies to the travel time by bus: (13.3). It is assumed that the distribution of
mobility over time - peak and low hours; working days, Sundays and holidays - is constant. The
utilization of railway infrastructure does not determine directly travel time by train because of its
blocksystem. Waterway infrastructure has an overcapacity for transport by ship. Therefore travel times
by train and by ship are considered as exogeneous quantities.

The utilization of the road infrastructure in region r is calculated as:

k k k k
U, =Z ei Tpis,+Z ei Tpi,s +Z ei Iﬂi.uv(r)+ 2% Tpls +2% Tplg +23% TQluv(r) +
s=1 bpi s=1 bpi uv bpi s=1 bp] s=1 bpl uv bpl
S#I S#I

k k k k
2% Tel+2 % Telg +2 5 Telym+ 25 Twls +2 % Twly +25 Twlyy +

s=1 bel s=1 bel wv  bel s=I bwl s=1 bwl uwy  bwl
S#T S#T
k k k k
2% €3 Tp3p+25 €3 Tp3s +2 5 €3 Tpdyyy+ 2% €3 Tedy +23% €3 Tedg +
s=1 b3 s=1 b3 iRY b3 s=1 b3 s=1 b3
S#T S#T
k k
2% e3 Tedyyy 22 €3 Twdys +2Ze3 Twdg + 2Xe3 Twiyyy
wy b3 s=I b3 s=I b3 uv b3 (14)
S#I
where:
ei - parameter for transforming the number of lorries into passenger-car equivalent;
e3 - parameter for transforming the number of busses into passenger-car equivalent;
bpi - average load per lorry;
bpl - average number of passengers per car with regard to productive mobility;
bel - idem, consumptive mobility;
bwl - idem, commuter traffic;
b3 - average number of passengers per bus;
Tpigy - productive mobility of goods by lorry between regions u and v via region r because of the

geographic situation.
The factor 2 in eqn (14) indicates that in general passenger traffic uses road infrastructure twice: going

out and returning.
The following identities are to add to the model for completing:

YN = % Y, (15)
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k
NN = Z Ny (16)

r=1

k
Kn = = K, (a7

r=1

The model works as follows. The geographic product/regional income in period t determines regional
saving according to eqn (5). According to eqns (7), (15), (16), and (17), the geographic products, the
labour volumes and the stock of capita goods of all regions together determine @y given the real wage
rates and investment premiums. Given the value of I'y), regional investment is fixed according to eqn
(6) and so the stock of capital goods at the beginning of period t+1 according to eqn (4). The exogenous
real wage rate and the price of productive mobility in period t+1 fix the marginal labour productivity
and the marginal mobility productivity in period t+1 according to eqns (2) and (3). These marginal
productivities and the stock of capital goods at the beginning of period t+1 determine, according to eqn
(1), simultaneously labour volume, productive mobility and geographic product in period t+1, given the
state of technology, the production structure and the urbanisation. At the same time consumptive
mobility and commuter traffic are calculated with the help of eqns (8) and (9) respectively. Then the
process starts again: the geographic product/regional income in period t+1 determines regional saving in
period t+1 according to eqn (5), etc. In this continuous process of development of economy and
mobility, eqns (10) - (14) fix the mobility prices.

SIMULATION OF TIME PATHS

In order to simulate time paths of geographic product, employment, investment and mobility and to
calculate policy effects on these quantities, it is necessary to deduce the reduced-form equations of the
model. The coefficients of the reduced-form equations can be estimated by econometric methods. To
limit the quantity of statistical data, cross-section analysis is to prefer to time-series analysis. Moreover,
a cross-section analysis reveals better the influence of regional features, because they change in general
to a small degree in the course of time, while their differences between regions often are significant.

As experiment, MOBILEC has been applied to 3 of the 40 Dutch regions, so that a cross-section
analysis is not possible as yet. Therefore we shall assign values to the coefficients on the basis of
economic theory and empirical results in other studies.

Substitution of eqn (1) into eqns (2), (3.i), and (3.1) gives respectively:

In N, =InY,-lnw,+Ina (18)
In Tpigy =In Y- In ppig+Invyi (19.i)
InTpl, =InY,-Inppl+Inyl (19.1)

Substitution of eqns (18), (19.i) - (19.iii) and (19.1) - (19.3) into eqn (1) gives:
InY, = [I/(1-a-kyi-kyii-kyii-kyl-ky2-ky3)][InA;+alno+
KkyiInyi+kyii Invii + kyiii In yiii + kyl Inyl +ky2 Iny2+ ky3 Iny3 +

k k k
B In Ky - o In wy - y1 X In ppisy - yii T In ppiigy. - yiii Z In ppiiigy -
s=1 s=1 s=1

k k k
YIZinppls-12ZInpp2is-y3 ZIn pp3is+ 5 In (Yn/Yy) +e C] 20)
s=1 s=1 s=1
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There are still some endogenous variables in eqn (20): the stock of capital goods at the beginning of the
period considered and the prices of productive mobility.

The stock of capital goods depends of the stock of capital goods and the investment in the preceding
period. The value of the stock of capital goods in eqn (20) can be determined with the help of eqn (4), as
soon as the investment is known. As the experiment with MOBILEC only concerns 3 of the 40 Dutch
regions, we assume, for the sake of simplicity, that the ratio of the capital rate of return in Utrecht to
that in the whole country (as an average of all regions) does not change in the course of time. In Utrecht
investment premiums are not applied. Then it follows from eqns (5), (6), and (7):

InI,=InE+vinY, 21)

where E; contains all quantities which are supposed to be constant.

The mobility prices depend of exogenous quantities and the expected utilization of the road
infrastructure, which is equated to the actual utilization in the preceding period. However, we cannot
use eqns (13.i) and (13.1) because of the application of the model to only three regions. Moreover, it is
difficult to quantify V;. As alternative, the increase of travel time by lorry and car is calculated as:8

(hisrry = higreny/hiseey = @i [(Urgeny - Ure2)Ure2) - (Vi) - Ve ) Vel (22.9)
(hlrgy - hlisen)/hlegeny = ©1 [(Urgry - Ure2)) Urezy - (Vi = Vi) Vigen) (22.1)

The same type of equation applies to the increase of travel time by bus: (22.3).

U, is calculated with the help of eqn (14), in which we leave aside, for the time being, the terms in the

right-hand side of eqn (14) concerning transport of goods from Utrecht to other regions, transport of

passengers from other regions to Utrecht and back to the other regions of origin and transit transport

through Utrecht. Leaving aside these terms in eqn (14) is not a serious problem in our experiment,

because we are interested in the re/ative mutation of U; see eqn (22).

In the experiment of the three regions, the regional features metropolitan character and possibilities of

recreation in eqn (8) and the comparative per capita employment in eqn (9) are supposed to be constant

in the course of time.

The values of the coefficients in the equations for the time paths are obtained as follows. The values of

a, i, vii, viii, yI, y2 and y3 are to deduce from eqns (18) and (19) applying to Utrecht in the period

1991-1993: oy = .72 and X yigy + Z yiley + = viiisy + Zylus + Zy2us + Zy3us = .04.7 Assuming
S S S s S S

constant returns to scale, fy=.24.

Table 1 - Values of the coefficlents in the equations for the time paths

(20): &/(1-a-Kyi-Kkyii-kyii-kyl-ky2-ky3)=.50 (21): v=1.00
e/(1-a-kyi-Kkyi-kyii-kyl-ky2-ky3)=-.10 (22): wi=.50 ©1=.50 ©3=.50

(8.1) — (23.1) 1=.50 kd11=-61 «d12=.01 kd13=.02 «t11=-1.00 «12=.02 «d13=.04

82) - (232 12=0 «kd21=.09 «kd22=-99 kd23=-04 «t21=.13 «i22=-149 «t23=-30

(8.3) —»> (283) 13=0 «kd31=.12 «kd32=-05 «kd33=-82 «kt31=.17 «i32=-08 «kt33=-1.28

9.1) —» (241) £1=.50nrd11=-20 nd12=.01 rd13=.02 =xt11=-140 =t12=.02 =t13=.04

(9.2) —> (242): £2=0 =d21=.15 rd22=-50 nd23=0 nt21=.80 nt22=-1.68 nt23=-19

(9.3) - (24.3; £3=0 nd31=.17 nd32=-01 nd33=-37 nt31=.89 at32=-07 nt33=-2.02
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Table 1 represents the values of the coefficients which cannot be deduced from the model. The values of
the coefficients &/(1 - o - kyi - kyii - kyiii - kyl - ky2 - ky3) and €/(1 - o - kyi - kyii - kyiii - kyl - ky2 -
ky3) have been taken from Van de Vooren & Wagenaar (1987). The negative value of £ indicates that
agglomeration diseconomies exceed agglomeration economies. The assumption of v = | implies a linear
saving function. We suppose oi = 1= w®3 = .5 in the first instance.

The values of the elasticities in eqns (8) and (9) in table 1 have been taken from Van der Waard (1990).
However, we revised the values of income elasticities in connection with substitution effects for other
transport modes. Further, Van der Waard mentions values of elasticities with regard to distance-travel
costs and travel time. For this reason eqns (8) and (9) are adapted as follows:

InTel,, = InFlg+1l InY,+xdll Inpedls+xtll Inhlg+xd12 In ped2,+
xt12 In h2 +xd13 In ped3;s + kt13 In h3 (23.1)

InTwl = InGlg+El In Y, +7dll Inpwdl+ntll Inhlg+ndl2 In pwd2, +
nt12 In h2,s+ nd13 In pwd3 s+ @t13 In h3,s (24.1)

Eqns (23.1) and (24.1) are adaptations of eqns (8.1) and (9.1), in which Fl;s and Gl contain all
quantities are supposed to be constant. Likewise eqns (8.2), (8.3), (9.2) and (9.3) are adapted to eqns
(23.2), (23.3), (24.2) and (24.1) respectively.

A, in eqn (20) and the intercepts in eqns (21), (23) and (24) have been assigned such a value that the
respective equation gives the actual value of the dependent variable in the period 1991-1993. A period
of MOBILEC encloses three years.

SCENARIOS AND MOBILITY POLICY

We want to make projections about the economy and mobility till 2030, but we do not have the gift of
prophecy. Because of the fundamental uncertainty about future, four scenarios of economic
environment are distinguished. To each scenario five variants of mobility policy are coupled. Tables 2
and 3 give a description.

Table 2 - Four scenarios of economic environment

Ap Yne/Ye —r coeff. Gy wp
Post-industrial economy 2% a=.50 constant 1%
Innovative post-industrial economy 2.5% a=.50 +.005 1%
Service economy 2% a=75 constant 1%
Innovative service economy 2.5% a=.75 +.005 1%

According to table 2 the rate of technological development is 2% and 2.5% per period respectively (a
period of MOBILEC encloses three years). The regional production structure changes per period t as
follows:

(Yn/Ype= (Yn/ Yot +a [(Ynd/ Yot - (Yn/Yoha]

where a = .50 respectively .75. The coefficient of C; in eqn (20) remains constant (-.10) or increases by
.005 points per year because of a rising vitality of urban agglomerations. In the last case the coefficient
of C, becomes finally positive: agglomeration economies will exceed agglomeration diseconomies. The
real wage rate increases by 1% per year.
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Table 3 - Five variants of mobility policy

Capacity of road Real travel-distance Travel time
Infrastructure costs per km
Null variant constant constant ship constant
train constant
Road variant extension = constant ship constant
increase of train constant
utilization
Tariff variant constant carfiorry 3% ship constant
ship 1% train constant
train 1%
bus 1%
Public-transport constant constant ship constant
variant frain 1%
bus 1%
Total variant extension = carflorry 3% ship constant
increase of ship 1% train 1%
utilization train 1% bus 1%
bus 1%

The null variant (no new measures) in table 3 functions as reference for the other variants; the travel
time of ship and train is assumed constant, where as the travel time of lorry, car and bus is the result of
the model. The road variant implies constant travel time for lorry, car and bus too; see eqn (22). The
increase of travel-distance costs per km and the decrease of travel time concern percentages per year. In
the public-transport variant the increase of travel time for car and bus corresponds no more, as a result
of priority measures, special strips etc. for bus. The total variant contains all measures of the other
variants.

PROJECTIONS UTRECHT 2000-2030

Table 4 represents some quantitative results for the province of Utrecht obtained with the help of
MOBILEC on the basis of the scenarios and policy variants as described above. In this table, the
transport of goods contains the intraregional transport in Utrecht and the interregional transport from
other regions, including foreign countries, to Utrecht. The transport of passengers contains the
intraregional transport in Utrecht and the interregional transport from Utrecht to other regions and back
to Utrecht as region of origin. The lacking interregional transport flows and the transit transport through
Utrecht can be taken into consideration, when MOBILEC has been applied to all 40 regions.

Table 4 shows relatively small differences in economic growth between the policy variants per scenario.
Small differences also arise between the scenarios "post-industrial economy” and "service economy”
and between the scenarios "innovative post-industrial economy"” and "innovative service economy".
Nevertheless the differences should not be underestimated. It concerns differences between yearly
growth rates as an average over a period of 30 years. At a economic growth rate of about 2.5% per year,
.01 percentage point more growth means: 6600 jobs (labour years) more in 2030, i.e. 1.6% of the
average employment per year in Utrecht in the period 1991-1993. At a economic growth rate of about
4% per year, .01 percentage point more growth means 11,000 jobs more in 2030, i.e. 2.6% of the
employment.

In the nuil variant, the transport of goods by train and ship shows a relatively high growth compared to
that by lorry. The transport of passengers by car increases, whereas that by train is roughly constant and
that by bus decreases.
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Table 4 - Province of Utrecht, average growth per year (%) of the geographic product and the
transport of goods and passengers by transport mode in the period 2000-2030 (a)

Nullvariant | Roadvariant | Tariffvariant | Publr. variant | Total variant
Post-industrial ec.
Geographic product 2.56 2.63 2.37 2.58 2.38
{fransport of goods
* by lorry 1.57 1.91 71 1.60 71
* by train 2.52 260 1.40 2.62 1.46
* by ship 236 2.43 1.68 2.38 1.69
transport of pass.
* by car 1.27 1.63 .26 1.22 22
* by train . -.02 .01 -.65 1.85 .94
* by bus -41 .04 -.08 1.76 1.31
Innov. post-ind. ec.
geographic product 4.02 4.15 3.83 4.05 3.86
transport of goods
* by lorry 2.80 3.42 2.00 2.84 2.09
* by train 3.99 4.12 2.84 4.08 2.92
* by ship 3.82 3.95 3.13 3.84 3.16
transport of pass.
* by car 1.78 246 78 1.73 .87
* by train .04 A1 -.58 1.95 1.03
* by bus -.58 21 -.21 2.00 1.50
Service economy
geographic product 264 271 245 266 2.46
transport of goods
* by lorry 1.64 1.99 78 173 87
* by train 260 268 1.47 2.69 1.53
* by ship 244 2.51 1.75 245 1.76
transport of pass.
*by car 1.29 1.68 28 1.24 .25
*by train . -.02 .02 -65 1.85 .94
* by bus -42 .05 -.09 1.77 1.32
Innov. Service ec. -
Geographic product 4.11 4.24 3.92 4.13 3.95
transport of goods
* by lorry 2.87 3.51 2.08 2.91 217
* by train 4.07 4.21 2.93 4.17 3.01
* by ship 3.90 4.04 3.21 3.93 3.24
transport of pass. '
* by car 1.81 2.51 .81 1.76 91
* by train .05 12 -.57 1.96 1.04
* by bus -.59 .22 -.22 2.01 1.51

(a) The table does not contain all interregional transport flows nor transit transport through Utrecht; see text. Transport growth has been
calculated on the basis of number of passengers or quantities of tons. ’

The road variant stimulates substitution in favour of lorry, car and bus but thanks to the higher
economic growth other transport categories also profit.

As aresult of the rise of all mobilities prices, economic growth falls in the fariff variant, by which the
growth of all transport categories decreases, except bus. The transport of passengers by train and bus
(consumptive mobility and commuter traffic) is confronted with a high tariff elasticity and a low cross
elasticity in relation to distance costs by car. Nevertheless the bus profits from the tariff variant because
of the lower utilization of road infrastructure, what makes possible a higher velocity. The negative effect
of the tariff variant on economic growth can be compensated by a tax reduction.

The public-transport variant exerts a positive effect on the transport of passengers by train and bus.
However, the downward effect on the transport of passengers by car is marginal. The growth rate of the
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However, the downward effect on the transport of passengers by car is marginal. The growth rate of the
transport of goods by loiry is even somewhat higher than in the null variant.

In the total variant the negative effect of the tariff variant on the economic growth and the positive
effect of the public-transport variant on the public transport are clearly reflected.

The difference in economic growth between the innovative post-industrial/service economy on the one
hand and the post-industrial/service economy on the other hand is accompagnied by a smaller difference
in mobility growth by lomry (not in the road variant), car, train (passengers) and bus. This can be
explained by the higher utilization of road infrastructure by lorry, car and bus in the innovative
scenarios and the low income elasticities of consumptive mobility and commuter traffic (.5 with regard
to car and 0 with regard to train and bus).

As sensitivity analysis, we replace the value of .5 for i = 1 = ©3 by the value of .75. By definition,
the results of the road variant are not influenced by this replacement. It was found that the growth rates
of the other policy variants nearly change.

NOTES

1. See for a survey for example: Vickerman, ed. (1991), Munnell (1992), Bruinsma & Rietveld (1993),
Gramlich (1994), Bannister, ed. (1995), Gillen & Waters, eds. (1996) and Gomez-lbanez & Maddrick
(1996). See for a discussion for example Toen-Gout & Jongeling (1993) vs. Hakfoort et al. (1993); see
also Bomhoff (1995). Blauwens et al. (1996) do not exclude a drain effect of new infrastructure on the
economy of some regions.

2. This approach is followed for example in the New Regional Model (NRM) of the Dutch Ministry of
Transport, Public Works and Water Management. See also Meersman & Van de Voorde (1991) and
Van de Voorde & Meersman (1997).

3. Scenarios are not predictions but constructed pictures of the future. They are intended for founding
long-run decisions in a situation of uncertainty.

4. The values of the exponents vi, vii, yiii and y1, y2, y3 respectively can differ between modes of
transport because of the correlation between mode of transport and sort of freight/passengers.

5. The consequence of the choice for a Cobb Douglas production function is that it does not allow any
transport flow to be zero. This would imply that the geographic product also equals zero. Therefore
transport flows of zero are ignored. This implies in practice that the number of regions, k, depends on
any region r and differs between modes of transport.

6. According to eqn (3) the entrepreneur compares the price of productive mobility with the value
added, generated by an additional unity of productive mobility. Such a comparison does not apply to
commuter traffic assuming that it is the commuter himself who pays for his mobility. However, in
practice the entrepreneur often pays a minor contribution.

7. It applies in an open economy: Y =C+ S+ T (l)and Y =C+1+ G + X - M (2), where Y - national
income, C - private consumption, S - private saving, T - taxes, | - private investment, G - state
expenditures, X - export, and M - import. It follows from eqns (1) and (2): I=S-(G-T) - (X - M); i.e.
private investment corresponds to private savings reduced by the deficit of the state and the surplus of
the balance of payments. The surplus of the balance of payments corresponds to net capital export plus
net increase of gold and foreign exchange.

8. It follows from eqn (13.i), leaving aside Ug, ZUq(rs), Vs and ZVqrs):
d d

dhy 1 = yi _xiUgV, d_Url__ﬂrl)
At hy I+xiUV, S dt U, dt v,
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The higher the utilization of the road capacity, the larger is the effect of increasing utilization on travel
time. However, we postulate, for the sake of simplicity:

oi = yi _xiU/V,
1+ i U/V,
The same type of reasoning applies to eqns (13.1) and (13.3).

9. X: sum over the relevant regions s, including foreign countries, in connection with Utrecht. The
S

relevancy of the regions depends on the size of the transport flows by transport mode.
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