20 UNIVERSITY
'v OF TRENTO - Italy

Department of Economics

Mobility Systems

and Economic Growth:

a Theoretical Analysis of the
Long-Term Effects of Alternative
Transportation Policies

Luigi Bonatti, Emanuele Campiglio




Mobility Systems and Economic Growth: a Theoretical
Analysis of the Long-Term Effects of Alternative

Transportation Policies
Luigi Bonatti
Emanuele Campiglio

December, 2009

Abstract

We present an example of how public policies
affect the evolution of the economy by

influencing consumption habits, life styles and
work attitudes. In particular, we show that

governments can boost long-run growth by
moving public investment away from collective

transportation systems and towards
infrastructures necessary for using private
vehicles. Indeed, by augmenting the relative
convenience of using private mobility systems,
which are those more costly for the households,
the government induces them to increase their
labor supply so as to afford larger expenditures in
transportation. This has long-term welfare

implications depending also on the negative
externalities associated with transport.

1. Introduction

In advanced countries, essential education, haalthtransportation
services are typically made available at relativaigap prices through
subsidized systems that are often directly managetie government,
or alternatively at higher prices through systemsvhich people can
have access by paying a larger fraction of theal tcost. As a matter
of fact, each country is characterized by its pacuway to combine
these two modalities in providing education, healtid transportation
services. This paper argues that in general theulipec mix
characterizing a country has effects on its longgrowth and welfare.
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In particular, the model presented in this papéends to offer a
simplified treatment of an economy where transpiomnaservices are
provided by a collective transportation system pthe use of private
vehicles on public roads. Individual choices conoeg the
transportation modes are influenced by governmemestment in
infrastructures that favour mobility systems hirggon private vehicles
or that promote the use of collective transportatietworks.

The main result of the paper is that—keeping unghdnthe
fraction of public resources invested in transgateainfrastructures—
the government can boost long-run growth by inwgstmore in
private mobility systems. This is because, by mgvipublic
investment away from collective transportation egs and
channelling it into the infrastructures that areessary for the use of
private vehicles, the government shifts the housshalemand for
transportation services in favour of private matitdi of transportation,
which are those that require relatively more pevaxpenditures. In its
turn, this change in the composition of the houkiiademand for
transportation services raises steady-state grdwthinducing the
households to increase their labor supply so asaftord larger
expenditures in transportation. In other words, toenposition of
public investment matters for long-run growth bessguby affecting
the relative convenience of different modalitiesrahsportation, it can
influence the households’ consumption habits, difdes and attitudes
regarding market activities. A similar intuition @ies to changes in
households’ preferences: a more intense preferémcehe use of
private modalities of transportation causes the esagffects on
households behaviour that are induced by an inerieathe fraction of
public investment devoted to private modalitiesrahsportation.

To the best of our knowledge, there is no otheenapt in the
literature to model these intuitiohsThe analytical setup presented
here, indeed, offers a formal explanation of whey tipid development
of transportation modes based on the mass diffusidhe automobile
played a crucial role in driving economic growth advanced
countries. One may observe that the same pattedewdglopment is
occurring in developing countries all over the wloilt is well known,

! We focus on a channel whereby public investmentaftect economic growth that
is not explored by the existing literature. As atteraof fact, the latter generally
accounts for the impact of public investment onwgtoby assuming that public
capital increases total factor productivity anddgrintroducing public capital as an
additional input in production functions. For a eat survey of the theoretical and
empirical literature on the subject see Romp anHatn (2007).



however, that transportation systems can havendetital side-effects
on environmental assets. Therefore, it is not ssirg that the long-
term welfare effect of a government policy aimedaauring private
modalities of transportation may be negative, iitespf its positive

impact on long-run growth. It should be emphasizédt this

conclusion does not hinge on the fact that a gegaantity of services
generated by the private transportation systemesaosore pollution
than the same quantity of services provided by todlective

transportation system, but rather on the fact ahatlicy favouring the
use of private vehicles induces the householdpémd more and to
work more hours, thus stimulating private investtreamd leading to a
more rapid increase in the demand for transportadad in the
emission of pollutants.

The paper is organized as follows: section 2 pitsséme basic
model, section 3 discusses some stylized fact§oset characterizes
the equilibrium trajectory and the balanced grovwghth of the
economy, section 5 treats the long-run welfare icagbns of the
model by introducing negative externalities, anctisa 6 concludes.

2. Some Stylized Facts

Transport has always been tightly connected to @oon
growth. Technological innovations in transportationeans and
infrastructures played a crucial role in the IndastRevolution and
western economic development (Szostak, 1991). Gumwmestic
product and transport tend to grow together (sgardi 1), and there
has been a large debate among experts and poliggrsn@n the
possibility to “decouple” the two trends (SACTRA999; OECD
2006).

Figure 1 Comparison of trends of GDP and transpawtvth, 1970-
2003 (1970=100)
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In particular, transport growth has been driverth®y expansion of
road transport. As is well known, the ascent ofbmgbile as mass
means of transportation has immensely increasedlitpginssibilities
in terms of travel distances, flexibility of routeomfort and privacy.
Automobile diffusion has triggered a revolutiontthas gone beyond
mobility, drastically modifying social lifestyles, broadening
individuals’ realization opportunities, stimulatingconomic growth
and consumption. Automobile has also been sigmifies a productive
sector per se: during the last 25 years, the sifddeS. auto industry—
which is the first sector in terms of R&D spendingr—U.S. GDP
floated between 3 and 4% (CAR, 2003). The autoreatiector gives
employment—if spillovers, downstream and upstreagstass are
considered—to around 13 million people, approxihyal®% of total
U.S. active population. In comparison, the employt@@ntribution of
public transport is very limited.

2.1 Investment in Transportation Infrastructures
and the Structure of the Demand for Transport

A comparison between the experiences of the Unikdtes,
European Union and Japan gives some support tbyghethesis that
government decisions regarding transport infrasines have relevant
effects on the structure of households’ demand tfansportation

2.383.000 people according to APTA [2009].



services. United States, European Union and Japaleed, had
different policies toward transportation. The Un&inly developed its
road network, disregarding for long years the egpgan and
modernization of its rail infrastructures. This waso true for regional
and local communities, which typically favoured@ubbile use rather
than collective transportation. In contrast, Japaftheugh not
neglecting the expansion of its road network dutheglast decades—
invested massively in public transportation, buitgia broad, high-
quality rail system. In the years 1992-2003, Japawvested the
equivalent of 90 billions euro in its rail infragttures, while the U.S.
invested around 58 billions (OECD, 2007). Consiugthe size of the
territory, Japan invested approximately 242 euro ke’ in rail
infrastructures, while the U.S. only 6 euro.

European countries usually place themselves sonrewime the
middle between these two extremes. The long histodycompactness
of their cities has favoured the development of lecbive
transportation, but road transport is anyway pradant. One can find
that in the UE-27 there are 23.2 km of road forhelam of rail, while
the similar figure for the U.S. is 31.7, thus coming the greater
importance that collective transportation has imoge. Also Table 1
seems to confirm that with respect the use thenaoitde Europe is
somewhere in between the U.S. and Japan, andhiatse of urban
collective transportation is more diffuse in Eurdpan in the U.S.

Table 1 Passenger transport (billion passengef-km)

EU-27 USA Japan
Passenger car 4,688 7,317 724
Bus+coach 539 275 89
Railway 394 23 396
Tram+metro 85 20 n.a.

Source: European Commission (2009)

Figure 2 gives further support to the hypothesis aofclose
relationship between the composition of public stwgent in transport
infrastructures and the relative utilization of keatansport mode.

% A passenger-kilometer (pkm) is the product betwihendistance a vehicle travels
and the number of vehicle occupants.

* Also Newman and Kenworthy (1999) and Kenworthy 00 provide data on,

respectively, 46 and 84 urban areas worldwide, #rat consistent with this
hypothesis.



American households massively use private vehigibde in Europe
and Japan, where a smaller fraction of public itmest in
trasportation is directed toward the automobiles tise of private
vehicle is relatively less diffuse.

Figure 2 Modal split of passenger transport, 2003
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2.2 Private Transport Modes and Households
Expenditures

The fact that households incur higher costs indage of private
transport systems is common sense: private mobitdguires
households to purchase a vehicle, to pay maintenaosts, fuel,
insurance and vehicle ownership taxes, parkingfaral tolls, while to
buy a collective transportation service househaofist only pay a
ticket, which typically covers only a fraction dfe total cost necessary
to produce it. Common sense is also confirmed byethdence. Figure
3 compares data for 41 European cities concermagverage cost of
one passenger-kilometer for users of collective jrgate motorized
transport systems. It can be seen how the averasteof collective
transport is systematically lower than the averaget of private
transport.




Figure 3 Average cost of one public transport aridage motorised
passenger-km for the traveller
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This evidence is consistent with official natios#dtistics. In 2007,
EU-27 households spent approximately 950 milliorodor transport
services (private and collective), which represetite 13.7% of
households’ total expenditures for final consumpt{@,900 euro per
capita) (European Commission, 2008). In the Ur@ndport services
represents 18% of households’ total expenditumes,9®8% of what is
spent for transportation by U.S. households iscatied to private
transport (BTS, 2009). These values have maintaamatoximately
stable for the last forty years (OECD, 2006). Hinah 2008, average
transport expenditures accounts for only 9.1% phdase households’
total expenditures, and 75% of what is spent fangportation by
Japanese households is directed toward privatesgoan (Japan
Statistical Bureau, 2009).

It should be noticed that these figures shows thistence of a
positive correlation—emphasized also by Newman &edworthy
(1999)—between the relative magnitude of public estment in
private transport infrastructures and the shardotdl expenditures
devoted by households to transport services.

2.3 Differences in Working Time

A well-known stylized fact, namely the difference hours of
market labor between the U.S. and Continental Egjragp consistent
with our hypothesis that public policies making atelely more
convenient for the households to access to costhpte transportation
services rather than to cheap collective transporntaervices induce



the households to increase their labor supply stoaafford larger

expenditures in services. Figure 4 shows data f@ACD (2008),

which refer to the evolution of annually worked oin the U.S. and a
representative group of European countries. Whigelatter all show
declining trends, the U.S. hours of market laba feanained roughly
stable during the last decades. The topic has tigcémterested

academics, which have offered a variety of diffeexplanations to it,
such as the differences in the tax system, unitinizaand labor

market regulations, individual preferences regaydiime allocation

(Alesina et al., 2006; Blanchard, 2004; Prescoip4). Without

disregarding the validity of these explanations, waeue that
differences in public policies concerning the psiem of essential
services may have contributed to working time défdials.

Figure 4 Average worked hours per year 1970-2007
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2.4 Transport and Negative Externalities

While improvements in freight transportation havermitted
increasingly cheaper, safer and faster movementgyaafds and
materials, progress in passenger mobility has eooesty raised
individuals’ welfare. However, transportation meaasd in particular
the use of the automobile, generate a variety gatinee externalities
on environment and relational goods.

First of all, transports are one of the main sosirgeemissions of
greenhouse gases, which are likely to be the pyiroause of climate
change. In the EU-27, 19.3% of emissions derivenftbe transport
sector, and 71.2% of these emissions are causeshbdytransportation



(European Commission, 2009)Transportation is also the only
productive sector in which emissions, driven by grewth of road
transport, have increased in the period 1990-2@8ostat, 2009). If
only urban transportation is considered, the p&t@mains the same.
Transport in London, United Kingdom, accounts fdi9@® of total
urban CO2 emissions, and 49% of these emissionsaarsed by cars
and motorcycles (only 17% by public transpbr{ransport for
London, 2006). In the city of Milan, Italy, privatars are responsible
for 77.4% of total road transport emissions (MVVnSalting, 2007).
Besides climate change, whose costs are hardlgdeable, the main
hazards due to pollution reside in health risks ianthe worsening of
the quality of urban life. According to the Europe€ommission
(2007), in the year 2000 the exposure to partieutaatter reduced on
average statistical life expectancy by nine momthe EU-25.

Another problematic aspect of transportation sewids its
utilization of resources and energy. In 2004, thars of transport in
total energy consumption was 30.7% in the EU-28l, 827% of this
consumption was due to road transport (only 2.5%ailevays) (MVV
Consulting, 2007). Newman and Kenworthy (1999) asset of 46
urban areas worldwide to show that almost everyahprivate
transportation accounts for more than the 90% dfal tduel
consumption. Automobiles are also the most ineffitimeans of
transport in terms of energy use. A recent reseg@hR, 2003)
computed that the U.S. automotive industry aloneoissuming 14%
of total U.S. steel, 31% of aluminium, 31% of ir@8% of zinc, 68%
of rubber and 23% of glass. The depletion of resesjrespecially non-
renewable ones, is likely to become a major issube next decades.

Incidents and related fatalities and injuries malsb be included
when considering transport negative externalitids. 2007,
automobiles caused around 42,500 deaths in EU-@¥rv@ent to 86
deaths per million), 41,000 deaths in the U.S. (87 million), and
5,700 in Japan (45 per million). In the same yesitways fatalities in
the EU-27 amounted to 76.

There exists a wide literature focusing on the reete costs of
transport, which are usually not considered indffieial statistics. As
a matter of fact, external costs computations &hly dependent on
the assumptions made, therefore results from diftesources tend to

® Other figures raise the road share to the 93.1%ot#l transport emissions
(Eurostat, 2009).

® Other categories considered are road freight (28%d)ground-based aviation
(11%).



vary widely. External costs of passenger road parsn the EU-17
are estimated by one of the most cited researcRRING, 2004) to be
approximately 320 million euro per yéaExternal costs of passenger
rail transport were computed to be less than 8anikuro.

Not only environmental goods, but also urban socéaital and
relational goods are likely to be damaged by thHeusion of private
transportation. Automobile-dependent cities usualyffer from a
degraded urban tissue, with low degrees of pulplice use and scarce
local community interactions (Newman and Kenworthy999).
Liveability of neighbourhoods, that can be jeopzedi by car
congestion, appears to be an essential conditiemgare good quality
of life (Leyden, 2003).

3. The Basic Model

We consider an economy in discrete time with amnit@ time
horizon. In this economy there are households, sfirand the
government. Moreover, we have a single good—whiem de
interpreted as a composite good and used bothdiasuwnption and
investment purposes—and two transportation servmes which can
be interpreted as the service provided by a colledransportation
system and the other which can be interpretedesdhvice produced
by using private cars on public roads. Finally, a@sume that agents’
expectations are rational, in the sense that theyeansistent with the
real processes followed by the relevant variabteghis framework, in
which there is no source of random disturbancas,ithplies perfect
foresight.

3.1 The Firms

For simplicity and without loss of generality, & assumed that
there is a fixed and large number (normalized toihe) of perfectly
competitive firms that are identical and produce #ingle good Y

according to the technology

Y, =AK{ILYH, 0qu<l, 1)
where A denotes the state of technology in t,ithe stock of capital
of the representative firm in t ang &re the units of labor employed in
t by the representative firm. It is assumed that/A positive function

" EU-15 plus Switzerland and Norway.
8 External costs include accidents, noise, air fioihy climate change, nature and
landscape, life cycle process and urban effects.



of the capital installed by all firms; = K%’” (consistently with this
formal set-up, one can interpret technological peeg as labor
augmenting). This assumption combines the idea lgting-by-
doing works through each firm’s (physical) capuélization and the
idea that knowledge and productivity gains spileoinstantly across
all firms (see Barro and Sala-i-Martin, 1995). Téfere, in accordance
with Frankel (1962), it is supposed that althoughisAendogenous to
the economy, each firm takes it as given, sincetaajpvestment on
the part of a single firm has only a negligibleeetfon the aggregate
stock of capital.

The net profits (cash flow) of the representativenfin t, 1g, are
given by
m=Y, -WL, -1l (2)
where Wand | are, respectively, the wage rate and the investragat
in t. Note that Yis the numeraire of the system and its price iscsbe
one.
Each firm’s capital stock evolves according to
K=K (1-9), 0<d<1, K, given, (3)
whered is a parameter measuring capital depreciation.

[e]

0
and{l,}3 in order to maximize its discounted sequenceefamofits

The problem of the representative firm amountsHoose{L}

N 74
> @)
=@+
0 s=
where |_| (1+r5) =1, and fis the market interest rate at time t.
s=1

3.2 The Households

For simplicity and without loss of generality, & assumed that the
population is constant and that each householdasmtone adult,
working member of the current generation. Thustethe a fixed and
large number (normalized to be one) of identicallisdwho take
account of the welfare and resources of their &and prospective
descendants. Following Barro and Sala-i-Martin §)98e model this
intergenerational interaction by imagining that therent generation
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maximizes utility and incorporates a budget comstraver an infinite
future. That is, although individuals have finiteels, we consider
immortal extended families (“dynasties”).

The period utility yof the representative household is an increasing
function of the consumer good,@ransportation services, and \,,
and leisure S

U=IN(CY+aIN[ETHA-E)VI+BINS), 00, 0€<1,8>0.  (5)

Notice that there are two types of transportatienvise and that the
parametek, captures the households’ subjective preferenagrdeng
the modality whereby to satisfy their demand foansportation
services.

Transportation services; @&nd \f can be produced according to

T =KX 0<y<1 ©
and

V, =KX 0<n<y (7)
where K and K, are two specific types of public capital that are
available at time t for producing, respectivelyamnd \; while X, and
Xyt are the units of good ;Ythat must be combined at time t
respectively, with k& for obtaining T and with K, for obtaining V.

One may think that the government invests in putdigital (railways,
roads...) by using tax revenues, while the househp#dsfor those
intermediate goods that are needed to utilize tlvapial goods. In
other words, households decide how muglarid \, they want to get

by buying the quantities of p{and X, that are necessary—qgiven the
existing stocks of I and K,—for obtaining their desired
combination of T and V. Finally, consider that ;Tand | differ
because a larger (smaller) fraction of the totileaf T, (V,) is due to

the contribution that the public capital gives ts iproduction:
typically, T; can be interpreted as the service provided byllactive

transportation system (“trains”), while,\tan be interpreted as the

service produced by using private vehicles on publoads
(“vehicles”).

° As Barro and Sala-i-Martin (1995, p. 60) point otihis setting is appropriate if
altruistic parents provide transfers to their clélg who give in turn to their children,
and so on. The immortal family corresponds to didited individuals who are
connected via a pattern of operative intergenarati¢ransfers that are based on
altruism”.
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The period budget constraint of the representativesehold is
given by
G Xyt Xt B STt LWt (1+1) B, By given, (8)
where B is a (one-period maturity) bond issued by the govemt at
time t, andt, are the net transfers (“taxes”) from the represérd
household to the government in t. Notice that taxatis not
distortionary and that households are the firmshess, thus receiving
T, in each t as dividend payments.
Furthermore, the representative household faceseaconstraint:
L+S<H, )
where H is the household’s total time endowment.
The problem of the representative household amotmtshoose

L3, (s Xwly . {X1ils and{B4fy in order to maximize
its discounted sequence of period utilities
S gy, 0< <1

t=0
wheref is a time-preference parameter.

(10)

3.3 The Government

The government decides what fraction g qf t¥ invest in any
period in public capital:
vittl1=9aY;, 0<g<1. (11)
Moreover, the government decides what fractoifl-¢) of total
public investment to devote to the accumulatioKgf (Kty):

lvi=99Yy, 0<9<1, (12)
I=(14)g Y, (13)
The two types of public capital evolve according to
Kytr1=hH(1-0)Kyy, Kyg given, (14)
Ktr1=lret (1-0)Kpy, Ky given:® (15)
The government’s budget constraint is
(1+R)Betlyt ST+ Byyg. (16)

The government must also satisfy a no-Ponzi intgyteal
constraint:*

19 For simplicity we are assuming that all types apital depreciates at the same rate
0.
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3.4 Markets Equilibrium

Labor market equilibrium requires that in each t
L5 =19, J17
where the superscript “s” (“d”) denotes the quantsupplied

(demanded) of that variable.
Equilibrium in the market for good,Yequires that in each t

FCHX Xttt (18)
Equilibrium in the bond market requires that inteaic
B = BY. (19)

4. Equilibrium Dynamics and Balanced Growth
Path

Using the market equilibrium conditions and solvithg agents’
optimization problems (see the Appendix), we obthie system of

difference equations inQy Eﬁ, M EM and Z; EM

Kt Kvt Kt
governing the equilibrium path of the economy (8e=Appendix for
the derivation)

_ o [ E@pmz T lra@-p)
W +17 t’Mt'Zt = (- tLt'u' : -
(Q1QuM,.Z) = -9)Q Ll_ 5)(1_,7)} @n o

fra@mlz, o 4 pyeag0 -0
a(1-n)
q)(Mt+1’Zl+l’Ql’Ml’Zl) = (1+pl)% - ¢ngt-le -
t+1 Z (21)
_(1_ J)M_t =0

1 Since in this framework the Ricardian equivaled®ds, it is immaterial to
determine the time profile of, BindBy. 1.
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/\(Qt+1’ Mt+1’zt+17Qt’Mt’Zt) = H[IULItfl +1- 5] -
1

Fa- y)M:’ﬂ}y L W-NZ
apyl@aan] - @n |_, @
[ EL- yM? } , -9Z,
@-Ha-n]  @-n)
where
p = STLETL 2 1 gy bhg, -5 (23)

Kt
and L=f(Q,M,,Z) is implicitly defined as a function of ,QM, and %
by
1
Ll ST @epZe| L (H-LOA-Wa@-NQ: oy
(1-H@-n7) (1-7) B

A balanced growth path (BGP) can be characterizgdsditing
Qu1=Q=Q, Mi;1=M=M and 4,,=Z=2Z in (20)-(24). Hence, a BGP is
a triple of values of Q, M and Z, say (Q°>0,M°>01j, that satisfies
(see the Appendix)

_ GLTH -(1-5)- )

25
g(1- )L (29)
z=M (26)
(1-9)
and
_m(L)
M=—-" 27
p (27)
where
(L) = LI -(1-5)1- )] {1_g_ [ '(L}-L 9)L-6)]
(y-ma (28)
(H-L)A-pfi+a(t- y)]}
AL

and L is defined implicitly—as a function of therpmeters—by

14



(L. 4.6) { £-y) Hm(u }3 1+a@-pla-¢) , fi+a@-nmu)

@-o@-n] L ¢ a(1-y) a(1-n)
(G4 -(1-9)(1-6)] {1_ g Lo -(1-0)- e)]} “o (29)
g L '

One can show for reasonable parameter values hibeg exists a
unique L>0, say L°, which satisfies (29) and is sistent with both
Q>0 and M>0 (see the Appendix). Hence, (Q°>0,M°328(¥ can
exist and be unigue. Moreover, by linearizing (28) around this
unique BGP, one can exhibit numerical examples sigpwhat
(Q°>0,M°>0,2°>0) is saddle-path stable: in theseareples, there
exists a unique equilibrium trajectory in a neigtimod of
(Q°>0,M°>0,Z°>0) that converges to it (see the Apgig). Finally, the
following proposition can be demonstrated regardimg BGP:

Proposition 1. An increase (a decrease)dini.e., in the fraction of
total government investment devoted to the accutionl®f the public
capital utilized for private transportation (“roddshas a positive
(negative) effect on the steady-state rate of exon@rowth, even if
the government keeps constant the fraction g ofigqg that in each
period it wants to invest in public capital. Sinmija a decrease (an
increase) irg, i.e., in the households’ preference for usindective
transportation rather than private transportatias positive (negative)
effect on the steady-state rate of economic growth.

Proof: By considering (23) and (25), one can easily khibat

along a BGP the economy grows at rgae= 9[,u(L°)1'“ +1-90]-1,
which is monotonically increasing in L°. Moreovene can prove that
L° is monotonically increasing if and monotonically decreasingdn
(see the Appendix).

The intuition underlying Proposition 1 is that byowing public
investment away from collective transportation eys and
channelling it into the infrastructures that areessary for the use of
private vehicles, the government shifts the houlslshalemand for
transportation services in favour of private mattdiof transportation,
which are those that require relatively more pevatpenditures. In its
turn, this change in the composition of the houkiiademand for
transportation services boosts long-run growth Ibbygucing the
households to increase their labor supply so asfftrd the larger
expenditures in transportation. In other words, toenposition of
public investment matters for long-run growth bessguby affecting
the relative convenience of different modalitiesrahsportation, it can
influence the households’ consumption habits, dtiges and attitudes

15



regarding market activities. A similar intuition @igs to changes in
households’ preferences: a more intense preferémcehe use of
private modalities of transportation shifts houddsodemand towards
more costly transportation services, thus increpsieir labor supply
and boosting economic growth.

5. Negative Externalities and Long-Run Welfare

We extend the model by assuming that the representsousehold
gets some utility from an environmental asset (JaiHence, we
rewrite the period utility function of the represative household as

wIn(G)+aln[ET+(1-€)VJ+BIn(S)+kIn(Ry) k>0, (30)
whereR; is a common property resource whose quality téygisally
to improve or to deteriorate. Thus, it makes seioséreat R as a
renewable resource. Moreover, we assume that thiey alif R; to

regenerate declines with the amount of pollutioreated by
transportation services:
Ris1 - Ry = z(Ry, Ty, Vy), z7 <0, 2y <0, Ry given.  (31)
In particular, we specify a functional form fgf) by modifying the
logistic model, which is one of the simplest andstb&nown
functionalspecification for the law of motion ofranewable resource
(see Conrad, 1987):

z(R,,T,\V,) = XRt{l_ RJ[{T + (1-Z)vt]},)( >0,0>0,0<¢ <1(32)
v
where the parametgrcan be interpreted as the intrinsic growth rate of

R, v is a parameter on which depends the impact ohtheseholds’

activities on the future level of the common prapeesource and

measures the relative contribution of the two typédransportation
service to the creation of pollution. Note thatleamngle household
can ignore the negative effect of its own actiatythe future level of
R;, since its impact on the evolution of R negligible. However, the

aggregate impact of the households’ activitieshmnftiture quality of
the renewable resource is significant because eflalge number of
households populating the economy.

Given (31)-(32), the equilibrium path of the econoi®m governed
by the system (20)-(24) and by (see the Appendix)

N, N, El-y) Vo
LN, = yN,{1- MY +@0-0)z, v (33)
@y AN Z[(1-5)(1-0)} A
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WhereN, =R K., .
Hence, a BGP, say (Q°>0,M°>0,Z°>0,N°>0), is a quat¥ of

values of Q, M, Z and N that satisfies (25)-(29 an
-1

Ly pn
N :[,0 +1}U|\/|/7 ({E(l'y)} 4 MY + (1-0)Z . (34)
(1+p)x (1-$-n)

One can easily verify that along a BGP charactdrizey
(Q°>0,M°>0,Z2°>0,N°>0), perpetual growthp°t0) implies that
environmental quality tends to deteriorate forevétis captures the
fact that in this framework perpetual growth ertaiinbounded
increase in the emissions damaging the environnsemte there is no
technological progress limiting the amount of ptilo generated by a
given quantity of transportation services.

Suppose that the economy is moving along its B&khis case, the
representative household’s discounted sequenctlitiks at time t is
(see the Appendix for the derivation)

1

= n
<40 ) $A-Y) 1V pgory 2 @) ol
;e Ui =1 @+ a-k)In(K) +In [—(1_{)(1_”)} (M)V+—(1_I7)Z

-In[a@- )]+ An(H-L°)-

Ly

=
) oy O SA-V) |V vy 4. o o
anin(M )+(1_H)In (1_{)(1_”)} (M) +(@-&)Z° +kIn(N°) + +

N 0Q+a-k)In(L+ p°)
(1-9)°

(35)
where K is given at time t.

Equation (35) allows us to compare the welfare bt t
representative households located in two econoth&sare moving
along their respective BGP and that differ only daese their
authorities are devoting different fractions ofalghublic investment to
the two modalities of transportation. In this cardeed, one can prove
for reasonable parameter values that the folloyerragosition holds:

Proposition 2 Consider two economies that at time t are moving
along their respective balanced growth path andhérae the same{
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and parameters values, except gornamely for the fraction of total
public investment devoted to the private transpianasystem. If the
households are particularly sensitive to pollutioa.,, if K is relatively
large, the economy whogeis larger has the lower level of welfare,
i.e., its households have a smaller discounted esexpu of utilities
along the balanced growth path.

Proof: See the Appendix.

It is worth to recall that the economy which isoahiting relatively
more resources to investment in the private tramiapon system has
also the lower fraction of households’ time devotedeisure and the
higher steady-state rate of growth. Hence, a plessiéde-off between
long-run growth and welfare emerges. Furthermoree should
emphasize that Proposition 2 does not hinge orfaittethat a certain
qguantity of services generated by the private partation system
causes more pollution than the same quantity ofices provided by
the collective transportation system (it holds &ory value of¢), but
rather on the fact that a largprinduces the households to spend more
and to work more hours, thus stimulating privateestment and
leading to a more rapid increase in the demandrémsportation and
in the emission of pollutants.

6. Conclusions

We have presented an example of how public polwaesaffect the
evolution of the economy by influencing consumptibabits, life
styles and work attitudes. In particular, we haveoven that
governments can boost long-run growth by movinglipubvestment
away from collective transportation systems and atolw
infrastructures necessary for using private vehicléndeed, by
augmenting the relative convenience of using peivaobility systems,
the government shifts the households’ demand fansportation
services in favour of private modalities of trandpaton, which are
those more costly for the households. In this wag, government
induces them to increase their labor supply sooasfford larger
expenditures in transportation. A similar intuitiapplies to changes in
households’ preferences: a more intense preferémcehe use of
private modalities of transportation shifts houddsodemand towards
more costly transportation services, thus increpsieir labor supply
and boosting economic growth.

We have also introduced the negative externalagsociated with
transportation and analyzed the welfare implicatiohpublic policies
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regarding transportation systems, showing thatadetoff between
long-run growth and welfare may emerge.

One should notice that we have studied the effgicgovernment’s
investment policies on long-run growth and welfayeassuming that
taxation is not distortionary and by keeping ungeghthe fraction of
the single composite good produced in the econtatyis invested by
the government. Indeed, we intended to focus oreffexts that the
composition of public expenditures can have ondhelution of the
economy because of its impact on the householdsmap trade-off
between income and leisure. These effects can Ibeardg also with
respect to public policies regarding education kealth. For instance,
it is likely that changes in the fraction of pubtiesources devoted to
subsidize the households’ access to relatively\cpsivate schools (or
hospitals) rather than to relatively cheap pubtiba®ls (or hospitals)
have not only a redistributive impact but also ef§eon labor supply.
Given their important implications for long-run grth and welfare,
these effects of public policies deserve furtheeotitical and
empirical analysis.
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7 Appendix
7.1 Derivation of the System (20)-(24)

From firms’ first-order condition with respect tablor, we get:
1

- M\
L :[M] , (AL)
Wi
By using (Al) to obtain the labor demanded by daamproducing
Yy, the intertemporal problem of the representatikre £an be solved

by maximizing

1
1-p “ \u
@ H A KA, |4
/'{ 1_'uv v 1" lt+y - Otev K tv+1- Tery -(1-0)K 4y ]
o Wiiy

2

\
v=0 (1+rt+s)
t+s

!_lzl

with respect to¢| Ki+1 and the Lagrange multiplies;, and then by
eliminatingot, thus obtaining:

EH +1-5=14 1, (A2)
Kis1 =1t +(1-9)Ky. (A3)
An optimal path must also satisfy the transvengalindition
lim —thv g (Ad)
Voo V
|_| (1+rt+s)
s=1
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Moreover, one can solve the households’ problenmlaximizing

00

Z 9v{ln(c;Hv) + aln[é.K'}I{HvX]'Ft};v + (1- f)K,\7lt+vXt;7+v] +

v=0

+AnH-L,,)+A,[B,, (Q+r,)++m,, +W, L

t+v t+v ity

Ty tHv X Tt+v xVt+v - Bt+v+1
with respect to € XTt, Xvt, Lt, Bt+1 and the Lagrangean multiplier

At, and then by eliminatin, thus obtaining:

t+v t+v t+v

WM-_£ | (AS)
Ct (H-Ly)
Y 1V 4 1 a1
e _ KXty +}El izKVtXVt ’ (A6)
KTt X1t
1
n
_ Ed-y) (Xw ) Y
X1 =K , A7
" T{(l-f)(l-ﬂ)(KVtJ ] A1
St - g4 ray), (A8)
Ct
G XVt XTttBi+ 17 Tg+LWiH(1+1) B-Tt. (A9)

The households’ optimal path must satisfy the trarsality
condition
jim & Bretsv
v Cryy

By using (A6) and (A7), one can obtain

=0. (A10)

1
ko E0Y) [thJ” V- pXw
Ta-oa-m kv (1-7)
Ci= i) (A11)

By using (1), (3), (12)-13), (A7) and (A11), onenaawrite (18) as
(20).
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By using (12) to substitute fory4 in (14), one obtains
Kvt+1=09Y+(1-0)Kyt, which—divided by K—agives (21).

By using (A2) and (A11), one can rewrite (A8) ag)(2

By using (13) to substitute forr{ in (15), one obtains ¥¢+1=(1-

$)gY+(1-0)KTt, which—divided by K+—aqives (23).
Finally, by using (A1) and (Al11), one can rewrifeb] as (24).

7.2 Derivation of the System (25)-(29)

By setting Q+1=Qt=Q, Mi+1=M{=M and 4+1=2Z{=Z in (20)-(24),
equation (21) becomes

(1+ )2 =gl HQ+ (1-9) 2 (A12)
equation (22) becomes
G H +1-51=1+p (A13)
and equation (23) becomes
p=(1-$)oL Q-5. (A14)

Equations (A13) and (A14) allow us to obtain (2&guations
(A12) and (A13)—together with (25)—allow us to abt§26).

By setting Q+1=Qt=Q, Mt+1=M{=M and 44+1=2t=Z and by using
(25) and (26), equations (20) and (24) can be ewjttespectively, as

[ E@L-y)M” }

-] _
a(l-y)
{(1— QgL -(1-6)(1-9)] gL -(1-6)(1-3))° #M[1+ a(l-q)]}
_ g gL (1-n)a
(1-g)1+a(1-y)]
(A15)
and as
1
[f(l-y)l\/l” ]V {(H-L)(l—u)[eptl'” “(1-0)1-8)]  #M }
(1-&)(1-7) BoL 1-n)a
= (A16)

a(l-y) (1-9)
Equations (A15) and (A16) allow us to obtain (2l 28).
Finally, by using (27) to substitute for M in (A1%)ne can obtain
(29).
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7.3 Existence and Uniqueness of the Balanced

Growth Path characterized by (Q°>0,M°>0,Z°>0)
We know that L° must be a value of L>0 which satisiffL,$,&)=0
and is consistent with both Q>0 aw:% >0. Let us consider

reasonable parameter values such that:

H:Hgu > (1- 6)(1- ), (A17)
1-g-6u=0, (A18)
1
H-DA-AL+a@-N ;) ¢ E{(l-ﬁ)(l-J)}l-#, (A19)
B ou
Qi H[Hp+ (- 1)L] > H(L- 6)(1- 9), (A20)

whereL >L is the value of L>0

H-DA-pA+a-y)]
A

(A17), one can check that is unique).

Given (A17)-(A20), one can also check that.)<0 for L such that
L<L<L, and tham(L)>0 both for &L<L and for L <L<H. Thus,
one can rule out the possibility that<L°<L, since this would be
inconsistent with M°>0. Furthermore, one can rulé thhe possibility
that O<L°<L by verifying that O<L< implies both Q<0 and
I(L,$,&)>0. One can also check that both the functialh) and the
functionl(L,¢,&) are continuous and monotonically increasing ifoi
L<L<H:

satisfying W (given

=1-g-6Gu+

_a";(LU >0 [<L<H, (A21)

%mtﬂsw (A22)

Finally, one can verify thd{(L,$,&) is such thaﬂ(L,q),{)L _ [<0

andl(L,¢,%) L=H >0. Hence, there exists a unique value of L, say L°,

which satisfiesl(L,$,§)=0 and is consistent with both Q>0 and
m(L)>0. Notice that L° is such that <L°<H (see figure A.1).
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Figure A.1 Existence of a unique balanced growith gharacterized
by (Q°>0,M°>0,Z°>0)

I(L,$,€)

I(L,$.€)

7.4 Local Stability Analysis of (Q°>0,M°>0,Z2°>0)

By linearizing (20)-(22) around (Q°>0,M°>0,Z°>0), owan find
the characteristic equation of the system thus imdda This
characteristic equation is the following:

033'(311+322+333)(‘32+(al1322"'311322"'322333'323332'312321'
-a1 3831) W-a1 1822833 &1 2823831 182383221 2821833

-8 381832+a1 392223170, (A23)
wherew1, wp andwg are the eigenvalues of the system,
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N d N Y
_CDZ Zt+1 Zt + Qt+l Zt -/\Z
t ¢z qJQt+l t

Ay @ Ay D
Nz PM M P2

N 0} N WY
oy Mg "R, TR "R
t+1 dm WQ t
_ t+1 t+1

azq = y

Ay @ Ay D
Nz PM M, P2

Ay @ Ao W
® Misg "M, Qg ™My
M M

) Y
2y = M Qs
N O] -NA O]
( Zt+1 M t+1 M t+1 Zt+1)
and
A\ O] A\ Y
® Mg "%, "R 4ty
M z
t+1 dm LPQ t
agg = t+1 t+1
A\ O] -A O]
( Zt+1 M t+1 M t+1 Zt+1)

(notice that all derivatives must be evaluated@t0,M°>0,Z°>0)).

As a numerical example, let H=0.5633265; g=@2p=$=£=0.5;
0=0.1;y=0.8;n=0.4;u=1/3;0=0.95. Given these parameter values, one
has Q°=2.3524842; M°=2°=0.0403328; L°=0.4109-0.0300222. In

this case, the characteristic equation of the tined system igoS-
3.096966@2+3.1290874>-1.0367497=0, thus giving1=0.88996707;

wW2=0.87375770103=1.33324192. The fact that ®df<1, O<wp<1 and
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w3>1 implies that (Q°>0,M°>0,Z2°>0) is saddle-path stabsince
Zo =Kv0 1., while @y and Kvo. are given.
KTo Ko

7.5 Proof that L° is Monotonically Increasing ing
and Monotonically Decreasing ing

Given (A22) and the fact that<L°<H, one has

LUCTA9) >0. (A24)
oL L=L°
It is also easy to check that
a(L.¢.¢) <0 (A25)
¢ |L=L°
and
ol(L.9.5) >0. (A26)
o0& |L=L°

Invoking the implicit function theorem, (A24), (AR&nd (A26)
prove that L° is monotonically increasinggrand monotonically
decreasing ig.

7.6 Derivation of Equation (33)
Given (6), (7) and (A7), one has that along an ldarium path

1) Ly ny)
- 1-y) |y y
T =Kyt 2|V ™ A27
t Tt[(l-f)(l-n)} t #en
and

Vi =KpZgM{7 . (A28)

By using (A27) and (A28) to substitute, respectryébr Ti and for
Vi in (32), one can obtain
1y

_ Nt EL-0) |y gy _
Ri+1- Rt = YRy {1- MY +(@1-0)Z¢ |}, Nt =RiK
t+1- Ry t . 5[(1_5)(1_,7)} { +@-0)Z¢ t =RtKTt

By multiplying both sides of this equation byr{ one obtains (33).

7.7 Derivation of Equation (35)
By using (30), (All), (A27) and (A28), one can abtdahe
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households’ period utility along the BGP:

U, = @+ a-K)IN(K ) +In {W}V(Mo)”y + @0 ol

(1-6)(1-n) (1-n)
-In[a1- )]+ An(H-L°) - anin(M°) + (A29)
f(l_y) 17}/ o% _ ° o
m'n{ (15)(1/7)} M7+ C(>Z}+KIn(N )

By considering that along the BGP one hast.ﬁ=K-|-t(1+p°)i, one
can use (A29) to obtain (35).

7.8 Proof of Proposition 2

(1-6) (1-9)2

09
implies that for large enough valueskofhouseholds’ preferences
attach a relatively large importance to the enviment) one has

0 Bluisi
i=0
09
To show that (1p°)(1+x)0=1 is sufficient for having
3 In(N°) én(1+p°)
1-0) (1-9)2
09

im(w’) _an(1+ pﬂ
By inspecting (35), one can verify that <0

<0.

} <0, consider that (26) and (34) allow us to write
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In(N)_ @n(+2°) _
(1-9 (@1-9°

'{(J;)Xﬂ}m(u)+rﬁn(|vr)-|{ <0-9) }V(MO)Z+¢(1-Z)M°

(I-O)(-n) ()

(A30)
By considering Proposition 1 (stating tipgtincreases witlp), one
can verify that (1¢p°)(1+x)6=1 entails
a NP @+ x) + x1-In(x) _In(1+p°)
(1-6) (1-6)?
09
Morever, by considering (A21), (A24) and (A25) (Mftreases
with L°, which in its turn increases with), one can verify that
Ly
Z{ -y }y(MO)ZJ(l-Z)w
(1-HA-n) d-9)

J_

(1-9
_an(+ ) _In[o°@+x)+xX1-In(r) In(1+0) |
(1-6)° (1-9) (1-6)°

Z|: Q((l' y) :| v (Mo); + ¢(1'Z)Mo
(1-(@-n) ()

+

1 {In(u)ﬂﬁn(l\/f’)-ln

<0. (A31)

1
1-6)

0 In(v) +In(M°) -In

5 <0 (A32)
Thus, (A30), (A31) and (A32) show that (*(1+x)6=1 is

6i9iu:+i

sufficient for havingionw in the presence of large enough

values ofk.
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