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Abstract: This paper develops a simple two-region endogenous growth model in which individuals must choose
where to reside and the government decides the amount of productive public investments for each area. In such a
framework, we analyze the implications of a change in government’s regional policy on individuals’ residential
choice, growth, inequality and welfare. In doing so, we put in evidence the key role played by the strength of
congestion effects in production. When they are strong, we show that an increase in the amount of public
infrastructure in the poor region not only increases growth and welfare but also reduces economywide inequalities.
Therefore, there is no trade-off between growth, welfare and inequality. Interestingly, we also show that inequality
can always be dampened if the development gap across regions is initially high.
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1. INTRODUCTION

Urbanization, whereby populations in rural areas migrate to cities, is a well-known and
documented process which accompanies economic development. For instance, while there were
only 5 cities with over five million people worldwide in the 1950s, recent estimates predict that
there could be over 100 in 2030. Such a trend is the outcome of several factors, such as better
wage and job opportunities, network facilities, transportation, schools, universities, and hospitals
that cities offer compared to rural areas. Moreover, as pointed out by Henderson (2002), the
urbanization process occurred differently in developed and developing countries. While it was
relatively slow for developed countries, it took place more quickly in developing countries
giving birth to mega-cities characterized by very high levels of concentration." Hansen (1990)
explains that one reason for this feature is that, in the early stage of development, developing
countries lack the necessary resources to provide productive public infrastructure in poor areas.
On the one hand, it results in greater disparities between urban and rural areas fostering in turn
the already very high concentration levels of mega-cities.” On the other hand, it can generate
high negative externalities on individuals’ welfare and productivity due to congestion effects:

* We thank Matthew Benton, Vasileios Zikos, and two anonymous referees for their comments and suggestions. We gratefully
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' The author explains that the process took about one century in the US while it took only twenty years in Korea.

% See, e.g., Martin and Ottaviano (2001) who establish the link between geographical agglomeration, regional income inequalities
and growth. They show that economic agglomeration and growth have a positive impact on each other.
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these take, for example, the form of pollution that affect individuals’ health, living cost, and
space and time to commute.’

A noteworthy feature of these costs is that they increase with city size (see, e.g., Puga,
1999). As a consequence, in a context where, as explained by Cadena et al. (2011), most mega-
cities in the developing countries of Latin America have outgrown the capacity of their
infrastructures, resulting in a loss of efficiency. More importantly, the authors argue that, beyond
a critical size, the potential benefits of agglomeration are surpassed by the costs it generates. It
can then explain the lower level of growth of some mega-cities in Latin America, such as Sao
Paulo or Rio de Janeiro in Brazil, compared to the national level. As noted by Cadena et al.,
given the importance of mega-cities in generating national income of developing countries, a
possible implication of such trend could be a slowdown in economic development. Therefore,
not only are these issues of interest, namely the interaction between growth, inequality, migration
choice and welfare, but also, it appears important to formalize them in a unified framework to
fully understand the mechanisms at work.

In this paper, we bring together the theme of regional development and those of
migration, growth, and distribution that are themselves endogenously determined. Although
some articles have tackled these issues, none has analyzed their interaction in a unified
framework. We are thus able to assess the consequences of a change in government’s economic
policy in terms of public infrastructure investments on individuals’ choice of residence, growth,
inequality and welfare.

Investments in public infrastructure are numerous. Among other things, these include the
funding of education (schools), healthcare (hospitals), security (police and army), environmental
protection (green areas), and basic needs such as access to electricity, clean water and, sanitation.
In the present paper, we use the generic term public infrastructure to emphasize transportation
infrastructure. The reason is that among the costs of production agglomeration, expenditure
related to transportation is one of the most prominent.” In a nutshell, we argue that, in the case of
mega-cities of developing countries where, as mentioned above, congestion costs outweigh the
benefits of agglomeration, increasing the share of public funds allocated to poorer regions to
favor their development could be the right policy to implement.

A novelty of this paper is to analyze policy effects through the channel of individuals’
decisions to migrate from one region to another. That is, in the spirit of the arguments given
above and by Boarnet (1998) who, contrary to us, has a static framework, we share the view of
the important role played by public infrastructure investments on the mobility of production
factors and as a tool to boost the economic development of a region. To proceed, we formalize a
trade-off for individuals between income (or consumption) and disutility due to congestion
effects and consider the case where the government decides to favor the development of poor
areas in order to reduce concentration in mega-cities.’

? Van der Ploeg and Poelhekke (2008, pp. 484-485) explain for instance that “[S]ome mega-cities may be too large and suffer
from slums, pollution and other congestion problems.” Furthermore, the problem of managing mega-cities can add to inefficiency
(see Cadena et al., 2011, for a discussion of Latin America countries).

* One could also include services such as water and electricity. Even healthcare service can indirectly affect production
efficiency. Different types of public infrastructure will, in reality, have different levels of impact. Here, for simplicity, we assume
a unified level of impact, one for production congestion and another for utility congestion.

5 Although this paper deals with similar issues, it is not related to the new theories of economic geography initiated by such
authors as Krugman (1991) and Krugman and Venables (1995).
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The idea of public infrastructure as a possible development strategy, which goes back at
least to Hirschman (1958), has been the subject of intensive research. Empirical analyses by
Aschauer (1989, 2000) and Rioja (1999, 2005) establish that public infrastructure investments
(such as road networks, bridges, water, or electric supply systems) play an important role for
growth. Others, such as Holtz-Eakin (1994) and Holtz-Eakin and Schwartz (1995) suggest that
there 1s no evidence of such a result. Between these two extremes, some like Evans and Karras
(1994) show a strong relationship between productivity and public spending in education but
cannot find any between productivity and other kinds of public spending. Although we cannot
rule on this ongoing debate, in this paper we follow the first strand of the literature, as well as the
growth theory initiated by Barro (1990), in assuming the key role of government expenditures
for economic development.® Referring to Rioja (1999) and Alonso-Carrera, Freire-Seren, and
Manzano (2009) among others, we can point out that the disagreement found in the literature
might come from, among other things, the use of disaggregated data. That is, it is possible that
the full productivity gains of public goods and services provided by the government are not well
captured because they benefit the whole economy.’

The contribution of the present article is multifaceted. As we put the location choice of
individuals at the center of the analysis, the present work shares some similarities with the
standard monocentric model (Alonso, 1964; Mills, 1967; Muth, 1969). However, we do not
formalize any commuting costs and land prices. Thus, given its endogenous growth structure and
its focus on the macroeconomic impact of public spending across different regions, it appears
closer to another strand of the literature by de la Fuente and Vives (1995), Zhang (1997),
Alonso-Carrera, Freire-Seren, and Manzano (2009), Ott and Soretz (2010), and Arcalean,
Glomm, and Schiopu (2012). In particular, de la Fuente and Vives (1995) show that
government’s investments in training and infrastructure may be important tools to reduce
regional disparity. However, their analysis remains silent about the optimal level of regional
redistribution. In the present paper, in contrast, we discuss and characterize the set of policy
instruments that maximize welfare both at the national and regional levels.

In the same spirit, Alonso-Carrera, Freire-Seren, and Manzano (2009) examine the
impact of public infrastructure spending on regional disparities. They argue that favoring the
development of poor regions can lead to sub-optimal levels of income because those regions
have lower profitability. Interestingly, our framework shows that this result can be overturned if
we allow individuals to choose their location of residence by taking into account the negative
impacts generated by a more crowded region (i.e., productivity and welfare losses due to
congestion effects). This is an important issue in light of empirical results by Ciccone and Hall
(1996) and Casella (2005) showing the importance of geographical location in terms of
population size and concentration of economic activity to explain productivity differentials.

Arcalean, Glomm, and Schiopu (2012) study the growth effects of regional distribution
taking into account the possibility of migration of individuals. Contrary to our analysis, however,

6 See also, for instance, the recent contribution by Agenor (2008) on the role of government spending for economic development.
He tackles the problem of optimal allocation of government spending between productive public infrastructure and health in a
one-sector endogenous growth model a la Barro (1990). Although a trade-off can exist between various types of spending at the
government level, the author demonstrates the important role played by government spending in providing public infrastructure
and sustaining long-term growth.

7 For more details on this debate, interested readers can refer to the comprehensive discussion by Munnell (1992) or to the critical
survey by Romp and De Haan (2007).
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they do not formalize the idea of heterogeneous development across regions. Therefore, they
overlook the policy implications on inequality.

Following Zhang (1997), we develop a standard endogenous growth model with two
heterogeneous regions. Like Zhang, heterogeneity between regions stems from their initial level
of development which is captured by their exogenous level of productivity. In other words, the
production possibilities are specific to each region. The main difference is that, in our paper,
production possibilities depend on population migration which is itself affected by government’s
production of public infrastructure. Therefore, we are able to investigate the issue of regional
inequality and welfare in the presence of both production and utility congestion. These are issues
absent in Zhang’s work. In that sense, the present framework complements the recent
contribution by Ott and Soretz (2010), who explore the potential impact of regional policy on the
spatial distribution of economic activity. The critical difference is that our focal point is the
examination of individuals’ choice to relocate through the channel of public policy on
infrastructure.

Among the key findings of this paper, we show that the strength of welfare and
productivity losses due to congestion play an important role regarding the implications of
interregional policy changes. For sufficiently high congestion effects, such as those we might
observe in mega-cities of developing countries, we show that favoring the development of the
poor region is the most desirable policy. The intuition is that such a policy leads to productivity
gains in the rich region via the reduction of congestion effects it induces. In other words, the
policy acts via individuals’ decision to relocate from the rich to the poor region. Interestingly, in
the case of an initially high level of inequality across regions, the government is likely to also
reduce the economywide level of inequality. In other words, if congestion costs are high as it is
likely to be the case in mega-cities of developing countries, we show that public infrastructure
investments in the poorest areas not only does not jeopardize growth but also, together with
improvements in welfare of individuals, comes lower income inequality.

The remainder of the paper is organized as follows. In Section 2, we present the model.
In Section 3, we characterize the equilibrium and discuss its main properties. Notably, we
examine the policy implications of favoring the development of the poor region for population
migration, long-term growth, economywide inequality and welfare. We conclude in Section 4.

2. MODEL

Consider a closed economy in continuous time, denoted by ¢, which has an infinite
nonnegative horizon. The economy is populated by a constant and exogenous mass [0,L] of
infinitely lived and identical individuals who must decide where to reside. Only two possible
locations (regions) are available, denoted by j, where j=1,2. We assume that region 1 benefits
from a larger scale of technology than does region 2. As we will see shortly, it is formalized by a
greater productivity of individuals if they decide to reside in region 1, which in turn allows them
to generate higher income, consumption, and capital levels than region 2. We also assume that
rising population size in a given region negatively affects individuals’ welfare (see below). In
other words, we formalize a trade-off between income, wealth, and consumption on the one hand
and living space (or utility congestion),® formalized through population size, on the other hand.

8 It is typically difficult to distinguish between production and consumption infrastructure. A single type of infrastructure, such as
roads, may affect congestion in both kinds of economic activity, albeit differently. Here, we allow for different levels of
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This formalization will allow us to endogenize the choice of region by individuals—i.e., the
shares of individuals opting for region 1 or region 2—and to analyze the implication of a policy
change on these values.

The rest of the model is standard and mainly follows from Barro (1990). We assume that
each individual, denoted by i €[0, L], living in region j=1,2 is initially endowed with k;; o units
of physical capital (wealth) and one unit of labor time. She produces an output that can be
consumed, invested to give new units of capital, and used to purchase public goods and services
in the form of public infrastructure. Technologies and preferences are described below.

Each individual i living in region j produces output via an individual stock of private
capital and a region-specific amount of government spending on public infrastructure, both of
which are subject to congestion:

l-a

Vi

T | ie[0,L], j=12
P,

(1 Vi = Ak )"

where 0 < a <1, 0<v < 1/(1-a), 4; >0 is a time-invariant parameter specific to region j, k;;, is
individual i’s allocation of physical capital required while in region j, y;, is the current level of
government spending on infrastructure in region j, and p;, represents the share of individuals
living in region j and thus verifies p;,+ p2,, i€[0,L], j=1,2.

Following Beauchemin (2001) and Agenor (2005), among others, technology (1) captures
the idea that, due to congestion effects, which is reflected by v, public infrastructure becomes
less productive when used by a labor force of greater size.” We define congestion effects to be
low when 0 <v <1 and strong when 1<v <1/(1-a). When 0<v <1, public infrastructure is,
to a certain extent, nonrivalrous. When v =1, productivity depends on per capita public
spending. If 1<v <1/(1-«), the rising size of a labor force has an inversely proportional effect
on production. It is of interest to note that strong congestion effects reflect the situation of
overpopulated cities (mega-cities), where further increases in population or the number of
workers can harm production efficiency, eventually leading to negative scale effects.'” The
upper-bound on v ensures that more-populated regions produce more output.'’

congestion effects on production and utility but implicitly assume that all types of infrastructure affecting production (utility)
have the same level of congestion effect on production (utility).

% If we set v = 0, we recover the standard technology of production of output (see, e.g., Barro and Sala-i-Martin, 2004). In this
case, public infrastructure is completely nonrivalrous; the benefit on individual’s production does not decline with usage volume.

1 For example, when road traffic doubles, it may not be possible (or cost too much) to double the road surface. In addition, a
problem of managing mega-cities can also add to inefficiency (see Cadena et al., 2011, for a discussion on Latin America
countries).

" As individuals living in the same region end up with the same level of output, capital, and consumption at the steady state (i.e.
Vii = Vi kg =k ¢, =c;, forall i € [0, L] and /=12 from (1), aggregate production in region j is given by:

-v l-a -v(l-a a -a
p/,tLyj,t =Aj(pj,thj7t)a I:(pj‘rl’)l }/j,z] =Aj(pj,t[‘)] ¢ )(kj,t) (7/,1)I .
That is, ap, Ly, ap,; L)>0 is verified at the aggregate level although we have ayi/_,l 18( P L)< 0 at the individual level,
ie[0,L], j=L2-
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It is possible to argue that congestion effects across regions should be different, i.e.,
v, # v, . For simplicity, however, we derive the main properties of the model in the simple case

where v, =v, =v, and focus on the most interesting case where congestion effects are strong.

There are two reasons for this choice. First, this particular scenario is most interesting as it yields
new results and insight to the issue of interregional policy’s effects. Second, in Appendix A.4 we
do, in fact, also discuss the results in a model where 0 <v, <1<v,, i.e., we formalize a scenario

in which congestion effects are strong in region 1 but low in region 2. Beyond the technical
difficulties that such formalization implies, we show that the main results of the simpler model
are not affected.

Further, in the same spirit as Eaton and Eckstein (1997), technology (1) captures the idea
that individuals benefit from a different level of technology depending on where they decide to
reside. This can be due to historical reasons. For instance, activities have mainly developed in
region 1 because of its proximity to a natural resource such as a river or a fertile land. Closer to
the spirit of this paper, we could also argue that 4; and A, stand for the quality of infrastructure
provided in each region. In other words, infrastructure in each region is heterogeneous and 4,
and A, stand for their respective productivities. Without loss of generality, we assume a larger
scale of technology in region 1 than in region 2: 4, > A,, meaning that, other things equal, each
individual can produce a greater amount of output in region 1 than in region 2.

We assume that public infrastructure is financed through a flat tax rate, z, that is levied on

each individual’s production (effectively an income tax): y, =z(J* )’md”f]f Vi, di). For

notational convenience, we denote the share of the tax that finances public infrastructure in
region j, by & so that y,=g17, for je[l,2] at each instant, with: 1=¢;+&,. For the sake of
simplicity, we consider public infrastructure as a flow variable rather than a stock. We show in
Appendix A.2 that the two approaches yield exactly the same qualitative results. As we will see
below, the noteworthy feature of the model is that, in affecting the relative values of y;, and 5,
via a change in the repartition €, and ¢;, the government can affect the location choice of
individuals, growth and distribution.

Assuming that each unit of output devoted to investments yields one new unit of capital,
the resource constraint of an individual is given by

) (1=7)y,, =c,, +k, +5k,,, i€[0,L], j=12

ij,t?

where o0 >0 1is the depreciation rate of physical capital. Preferences of individuals are
represented by the utility function

o0

®) Uy, = [[Inc,, —nn(p, L) |ede, iel0,L], j=1,2
0

where p >0 is the rate of time preference, 7 >0 is a time-invariant parameter measuring the

negative impact of population size, p;.L, on individual’s utility, the latter being taken as given by
each individual."* That is, following Ciccone and Hall (1996), Casella (2005), and Arcalean,

"2 1t is possible to conduct the analysis in the more general case of a constant elasticity of substitution utility function of the form:
U, = s {[c; ;(Pj tL)”’]“‘m —Lle™” /(1-o)dt, where o >0. We do not do so, as it would unnecessarily complicate the

analysis without modifying the results. We thus assume that ¢ tends to one so that this formulation corresponds to (3).
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Glomm, and Schiopu (2012), we assume that individuals incur disutility (welfare cost) through a
congestion effect, that is determined by the number of individuals who reside in the region. The
welfare costs can take several forms. For instance, a greater population size in a given area is
synonymous with greater levels of pollution, a reduction of available space for housing, a greater
amount of time to spend in traffic jams to commute to work that can take away potential leisure
time, and so on. We will see below that this parameter plays an interesting role regarding to our
results.

3. EQUILIBRIUM

We proceed in three steps. First, we solve the maximization problem of individuals
taking their location as given. Second, we determine their choice of location. Third, we
characterize the steady state and analyze its properties.13

3.1 Efficiency Conditions

Given her location, each individual chooses consumption and wealth to maximize (3)
subject to (1)-(2). After manipulation, the current-value Hamiltonian of this problem for
individual 7, living in location j, i €[0,L], j=1,2, is:

CVH = ln cij,t - Uln(Pj,zL)"' Z’yt[(l - T)Aj (kij,z)a[yj,t /(pj,zl’)v]l_a - C[j,t - &[j,t]a l € [OaL]a ] = 1,2

ij,t
where A;;; is the co-state variable associated with (2). The first order conditions are:
OCVH,,/dc;, =0 and oCVH ,, /ok,, = - A, ,+ A, ,p.

it

The transversality condition is: [im A5k e =0. Rearranging the first order conditions,
—0 Y,

we obtain:
1 . .
4) —=24,,, i€[0,L], j=12
ij,t
all - y A
(%) ( T)y’“—5+ W= piel0,L], j=1,2.
kijJ ﬂ“ij,t

Expression (4) states that the marginal utility of an extra unit of consumption equals the shadow
price of wealth, while expression (5) states that the return to capital equals the discount rate p.

3.2 Choice of Residence

Having set out the individual’s optimization problem conditional on their choice of
region, we now determine which region the individual actually chooses. To avoid complexity,
we assume that the choice between the two regions is made at time zero. Thus, we have: p,=p at
each instant, where the symbol " is used to denote any equilibrium variable and time subscripts
are dropped when quantities are constant, but are kept for individual, perpetually growing,

13 Like Zhang (1997), a crucial assumption we make is that physical capital owned by individuals is immobile across regions and
moves across regions when the owner decides to change residence. This follows the arguments of Banerjee and Munshi (2004),
Boyreau-Debray and Wei (2005) and Sharma (2008) who explain that, in developing economies (at the centre of our analysis),
factors such as community identity and the nature of social ties, local government interference and capital market imperfections,
are keys in determining the pattern of investments in a region and participate to the segmentation of the capital market. Moreover,
as we will see, such assumption greatly simplifies the closing of the two-region framework as, in this case, the stationary
distributions of physical capital, income, and consumption across regions are determinate.
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variables. This assumption presupposes perfect foresight, a feature which is in line with the
deterministic nature of our model."

To proceed, we compare the level of utility attained for individuals in each region. In the
same spirit as the standard urban monocentric literature where spatial equilibrium requires that
individuals must be indifferent across locations (see, e.g., Alonso, 1964; Mills, 1967, Muth,
1969), in our model any individual i, i €[0,L], must be indifferent between region 1 and 2.

Using (3), this means that the following condition must be verified:

6) ["|m] 2 =i |t =o.
0 cz,t l—p

Expression (6) captures the two effects of the long run: consumption considerations favor
region 1 where infrastructure is higher; but other welfare considerations such as the available
living space, formalized here via the population living in a given area, favor region 2. Had
Equation (6) been greater (lower) than zero, the utility from living in region 1 (2) would be

greater. In other words, p* adjusts so that the welfare of individuals is exactly the same whether

they live in region 1 or 2: while those who join region 1 (2) have a higher (lower) level of
consumption than those who live in region 2 (1), they also bear a more (less) crowded region
(see Proposition 1 in the next sub-section).

The implication of this is twofold. First, individuals are identical, so when migration
arises, it is effectively anonymous."” Second, despite its structure, the model contains a period of
dynamic adjustment before reaching a balanced growth path. Sustainable growth comes from the
same mechanism as in Barro (1990): technologies exhibit constant returns to scale on
reproducible inputs at the societal level because the government’s budget constraint leads public
infrastructure to depend on private capital. In Barro (1990), however, this mechanism generates
a constant marginal productivity of capital in equilibrium, so that the aggregate economy does
not exhibit transitional dynamics: it is initially placed on the balanced growth path. In the present
framework, public infrastructure in one region is funded with taxes collected in the other region.
Besides its redistributive implication, this also implies that the marginal productivity of the
capital installed in one region depends on the capital installed in the other region. As the scale of
productivity in each region is different ( 4, > 4, ), this means that, along the adjustment path, the
growth rates of variables in the two regions are likely to be different. For simplicity, the analysis
of the transitional dynamics is relegated to Appendix A.3 because it does not bring much to the
core analysis. So, in the remainder of the paper, we focus on the steady-state solution.

' Changing location in the middle of life would mean that the individual did not realize he/she made a mistake in his/her location
choice in the first place. In the deterministic context of our model, such mistakes cannot occur; agents are perfectly informed (in
particular about policy) and have perfect foresight.

'3 A natural extension would be to assess the kind of migration we would obtain if we consider a model where individuals are
differentiated, for instance by innate skills for output production. Though interesting, this issue goes beyond the scope of this
paper. Thus, it is left for future research. Still, we can point to Glaeser and Gyourko (2005) who argue that individuals who stay
in declining urban areas are more likely to have lower set of skills.
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3.3 Steady State
3.3.1 Characterization

It is worth mentioning that, in a steady state, the growth rate of variables must be
common across individuals. This property follows directly from inspection of (6), given that the
shares of individuals in each region is constant. As a result, all the key ratios, like relative
consumption among individuals but also their consumption-to-capital and output-to-capital, are
constant (see Appendix A.l for the details of the computations). Using this property, we can
determine the share of individuals in each region (i.e., individuals’ location choice), the common
long-run level of growth of consumption, income, and capital, denoted by g and the
economywide level of inequality defined as the variance of relative income to the average

denoted by o, =Var(y,, /)

Straightforward computations relegated in Appendix A.l lead to four key relationships
arranged in Proposition 1, where the steady-state consumption, income and capital ratios of any
individual living in region 1 over any individual living in region 2, are respectively denoted by

~%

C =C, /CiZ,t ’ JN’* = Vi /yi2,t’ k= ki, !k, i€[0,L]

Proposition 1: There exists a unique steady-state equilibrium in which a constant share of

population given by
1 [M]m
(7 —<pr=—telt
2 1+ | 4,(5) " Joema=a)

L4, (2,) 7

chooses to reside in region 1, the remaining share 1— p* locates in region 2. The consumption,
income and capital ratios of any individual living in region 1 over any individual living in region
2, are all equal and given by:
n
8 E* =9 = k* = I:—A](gl)_a e >1.
( ) Y Ay (2,) 7

The common level of growth of output, capital and consumption is given by:

(-a)

. o I _V(A )1/(1705)8 a

9 =all-7)(7) “ (p )l ! ! —-0—p.
9) g ( )( ) {_I_ [(l—p*)L]liv(Az)l/(l_a)gz P
The economywide level of inequality is given by:

2 * * 1__)7*
10 =p (- P |-
(10) o,=p( p){py +(1—p)}

Proof: See Appendix A.1.
Equation (7) readily reveals that region 1 has a larger population than region 2 as long as the
reverse relative share of public spending &,/¢, is not so large as to offset the effect of the
relative scale of technology 4,/ A4,. We have: p* >1/2,if A= [4, (51 )l_“]/ [4, (52 )l_“] >1, where
Aj (gjf)l‘“ represents a measure of the development level of region j. j=12, and the ratio 4

can be interpreted as the relative development level of the regions considered. Throughout the
paper, we assume that 4 >1. Interestingly, this allows us to ensure that individuals residing in
region 1 produce a greater amount of output than those in region 2. Thus, we capture the
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observation that, in developing countries, mega-cities contribute proportionally more to
aggregate production (see, e.g., Cadena et al., 2011).

Moreover, this implies that the relative quality of infrastructure across regions is a key
factor behind the population distribution (see, e.g. Henderson, 1982; Roback, 1982). Condition
(8) shows effectively that the welfare benefits of living in region 1 instead of region 2 depend on

the relative development level of the regions,Z, too. In other words, while the benefits of a
higher production (and in turn income) are attractive for individuals, the other side of the story is
that a more crowded region endures higher congestion effects on both production, v, and utility,
n7. This is the mechanism which leads to the adjustment of the population across regions, p*, and

generates relative differences in consumption, income and capital, i.e., ¢" =5 = k" > 1.

As shown in Appendix A.l, the economywide variance (10) is given as a weighted
measure of the income gap between the two regions. This is because individuals are identical and
obtain the same level of income if they choose to reside in the same region. Therefore, the term

p (1-p*) on the right hand side of (10) gives a measure of the relative weight of both regions
in the determination of the economywide level of inequality and the term in square brackets is
the measure of the income gap between regions. Interestingly, in the particular case where there
is no disutility from congestion (77 =0), individuals in both regions end up with the same
income, consumption and capital levels:¢* = 5" =k * =1. However, we still have 1/2< p* <1.
In other words, parameter 77 is crucial to capture regional imbalances, and parameter v to

regulate the relative productivity in both regions. With this in mind, it is interesting to analyze
the properties of the model with respect to a change in the strength of congestion effects either
on the production side, v, or preference side, 7. This task is carried out next.

3.3.2  Comparative Statics

We analyze the effects of a change in the strength of the welfare cost and productivity
loss due to the congestion effect (population size), captured by parameters 77 and v,
respectively. For clarity, we first discuss the effects on population shares, p* and 1-p*, and
relative income, consumption and capital, z* 7, k. Then, we turn to the outcome on growth,
g", and economywide variance, o—yz,

Examination of Equations (7) and (8) shows that a greater marginal disutility from
population size, 77, leads to an increase in g*, 5" % and a reduction in p*- The intuition is that

as 71 increases, region 1 (already more crowded than region 2) becomes less attractive.
Therefore, some individuals move to region 2 even if their income, consumption, and capital
perspectives are lowered.

In the same way, we can easily check that a more stringent congestion effect in output
production, Vv, leads to a diminution of ," " JN,’]: . The reason is that a larger v has a greater

relative effect in region 1, which is already more crowded than in region 2. As a result,
¢y, & shrink and some individuals move from region 1 to region 2.

To understand the growth effect of a positive change in 7 and v, we can use (9) to
obtain the following conditions:
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. . .
= (g +§+p)10; de :(1—v)(l—p*)iv(Az)l/(l_a)gzrdL(JN’*—l),
-« Ll-v[a(l_r)]E dn dn

(11)

and

R I SR T
(12) a (g* +5+p)@_1 dg” _ X|:(;*)(]+17)/17 Ln(p*l:; _1}

- Llfv[a(l—r)]ﬁ dv Ln|l-p
) () e

For (11), given that dp*/dn<0 and y >1, we observe that, if congestion effects in

production are large enough, i.e. 1<v <1/(1—-«a), the effects on growth are positive. Intuitively,

the reduction in population size in region 1 (dp*/dn <0) becoming by definition less crowded,
leads to an increase in individuals’ productivity. This translates into an increase of aggregate
savings and thus:dg” /dn >0.

The growth effect of a change in v is less clear-cut. From (12), v affects growth

negatively via its impact on the contribution of each region in the determination of aggregate
growth (first term on the right-hand side) and positively via the migration effect it induces

(second term on the right hand side). Although, dg*/dv can, in theory, be of either sign, it

seems that dg”/dv <0 is more likely to be the outcome we should observe: if congestion effects

become stronger, this is indeed likely to reduce further the productivity of individuals in output
production and in turn to reduce aggregate savings.

We now turn to the analysis of the impact of a change in 7 or v on economywide
variance, O'y2 From our previous discussions, results are straightforward and intuitive.
Examination of (10) with the fact that gp*/dn<0 and &y*/dn >0, necessarily implies:
a’of/ dn>0-.

Differentiating Equation (10) with respect to v, we obtain:

~% ~ dp* *d-*
A doy | 1 dy +(y REAta L1207 |dp
o, dv y —14dv P’y +(1-p) | p*(l—p*) dv

Migration effect: >0

Relative income effect: <0
Direct inspection of this condition reveals that the economywide variance changes for
two reasons. First, there is a negative relative income effect: a stronger congestion effect, v, is

synonymous with a lower income, consumption and capital gap across regions: this has a
negative effect on economywide inequality. Second, there is a migration effect: as region 2
becomes more attractive, some individuals relocate to this area although it is less developed. This
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has a positive effect on economywide variance as individuals who relocate incur a reduction in
their consumption, capital, and income.

Interestingly, which of the effects dominates depends on the initial difference in
development between the two regions: 4. Specifically, if A is initially low, it means that the
difference in population shares between the two regions is likely to be small. In this case, the
relative income effect is likely to dominate the migration effect and inequality decreases. If A4 is
sufficiently high (i.e., if the difference in income, consumption, capital, and population size in
the two regions is large), however, the migration effect is likely to dominate and the
economywide variance will increase. This result is important when we analyze the policy
implication of a positive change in ¢,.

3.4 Policy Implications

Here we spell out the implications of a change in economic policy on individuals’
residential choice, distribution, growth, and welfare at the steady state. We distinguish between
two kinds of policy change. First, we discuss the implications of a change in the overall tax rate,
7, for a given relative share of public spending, ¢, /&,. Second, we analyze the impact of a

change in the share of resources devoted to public infrastructure in region 2, &,, for a given
overall tax rate, 7, i.e., for this latter we take the view that the government spends a greater share
of public funds in the less-developed region to favor its development.'®

To analyze the welfare effects of policy changes, we take as benchmark the case of a
utilitarian government; the latter chooses the tax rate and the repartition across regions, denoted
hereafter 7" and &, with 1=¢"+¢&), by maximizing the weighted sum of individuals’
utilities: W, = jOL U, di- Assuming that the economy is in steady state at date zero, the level of

lifetime utility of individual i, i €[0, L], living in region j is given by:
Ujo= ln(c[jﬁo)/p—nln(p;)/p+g* /p*.
Thus, total welfare is given by
W %ln{kl,o}—%p*ln(p*L)
= o nfk,  }=2 (1 pyInfa- pH)L] |
+LIn (a)g'+5)p v

a

(13)

We now turn to the policy implications of the model.

3.4.1 Change in Overall Tax, t
We analyze the effects of a change in 7 on p",¢",5",k",g",07, and W,. Results are

summarized in Table 1, which presents the signs of the derivatives of p*,¢".5 .k ", g", O'yz, and

max

W, with respect to 7, where 7™ represents the growth maximizing tax level and 7" the

golden rule tax level. The proofs of the results directly come from inspection of Equations (7),
(8), (9), (10), and (13).

'® We could alternatively consider the effects of a change in & - We do not perform the analysis to avoid unpleasant redundancy.

We recall that tax rates are linked at each instant through the relation: | = ¢, + ¢,.
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Table 1: Effects of a change in overall tax rate, T

o ' & & dk dg . dW, do;

Derivative dr dr _ dr _ dr dr and dr dr
>0if <™ =¢"

Sign =0 =0 <0ifr>7c™ =¢" =0

Table 1 shows that a change in the overall tax rate has no effect on the proportion of individuals
in each region, p", and inequality, p*,¢", %",k ", 0. Such result is reminiscent of the finding in

some urban mono-centric models and similar settings where it is argued that uniform taxation
across regions overcomes interregional migration (see, e.g., Haurin, 1980; Jones, 1982). In the
same line of the arguments of this literature, our result is the direct consequence of the fact that,
what matters in terms of individuals’ behavior and residential choice is the relative development

level of regions: A=[4,(s,) “1/[4,(s,) “1>1. As the relative funding, &,/¢,, remains the

same, individuals’ trade-off between income (consumption) and population size is not affected
by a change in 7 alone.

Let us remark that the overall tax rate affects growth and welfare, however. Using
Equations (9) and (13), we can show that, for a given relative repartition of funding, ¢, /¢,,

growth and welfare are maximum if:
™ =r"=1-a.

As Barro (1990) made it clear, this condition implies that, to maximize growth and then welfare,
the government must equalize the level of the overall tax rate to the share it would obtain if
public goods and services were supplied on competitive markets. The reason is that there is a
trade-off between the production of public infrastructure and the quantity of output left for
consumption and savings. On the one hand, a higher level of tax allows the government to
produce a greater amount of public infrastructure in each region which is beneficial to growth.
On the other hand, it also reflects a resource withdrawal effect, as more resources devoted to the
production of public infrastructure have a negative effect on individuals’ private consumption
and investments. This latter is detrimental to long-term growth. Specifically, when the tax rate is
low, i.e., 0 <7 <7™ =7" =1-@a, the marginal productivity of public infrastructure is high: an
additional unit of public service translates into long-run growth and, thereby, offsets the effect
due to a lower amount of output devoted to physical capital accumulation. When the tax rate is

high, i.e., 7™ =7" =1—-a <7 <1, however, the productivity of public services is low: in this
case, an additional unit of resource devoted to the production of public infrastructure is growth-

reducing.

3.4.2 Change in the Share of Tax Allocated to Region 2, ¢,

In this subsection, we focus on the relative effects of a permanent increase in the share of
the tax allocated to region 2, ¢,, assuming that the overall tax rate, 7, is fixed. The noteworthy

feature of such policy is that it affects individuals’ trade-off between income (consumption) and
population size (congestion). When increased, region 1 (2) becomes less (more) productive,

thereby less (more) attractive implying that p*,¢",5 .,k  decrease (see 7 and 8). The
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implications for growth, economywide variance and steady-state welfare are more complex.
Each is analyzed in turn below.

Implications for growth: To get some intuition about the mechanisms at work regarding growth,

we can use (9) to obtain:
dp” [ v, \ili-a) 1
l-v)— A 1-

Migration effect: >0 as 1<v<1/(1-a)

(14) a (g* +5—|—,o)71 dg”

= 1
l-a I [a(l _ z-)]ﬁ de, B (p*)l—v (A1 )1/(1_a) - (JN’*)(VI)/U(éJI_a

Al

Public Infrastructure effect: >0 or <0

Inspection of (14) allows us to identify two effects affecting long-term growth. First, there is a
migration effect whereby the change of residence of individuals from region 1 to region 2 affects
their choice of savings, and in turn growth: under the maintained assumption 1<v <1/(1-«a),
this effect is always positive as ¥ > 1. Second, there is a public infrastructure effect whereby a
greater share of public funds allocated to region 2, ¢,, induces a lower amount of public
infrastructure for region 1. Under the maintained assumption 1<v <1/(1-«), this effect can be
of either sign. Nonetheless, this effect is clearly likely to be positive for low values of ¢, .

Intuitively, this is synonymous with a great income disparity between regions. Interestingly, such
differences shrink as ¢, increases. Thus, for sufficiently high values of &,, the public

infrastructure effect is likely to be negative: in this case, the increase in public spending in region
2 and the resulting productivity gains in that region do not compensate for the productivity loss
in region 1: it is growth-reducing. We thus conclude that, under the maintained assumption

l<v<l/(l-a), g" describes an inverted-U relation with respect to ¢,, i.e., there exists a value

max

of &, which maximizes growth, denoted hereafter by ¢,

Implications for Inequality: Using (10), we can show that the effect of an increase of funds
allocated to region 2 on the economywide level of inequality is given by:
2 N A LS o
1 do, o 1 dy N de, de, L 1=2p dp
O'f, de, y —lde, Py + (1 —p*) p*(l —p*) de,

Relative income effect: <0 Migration effect: >0

(15)

From expression (15), it appears clearly that, similar to a change in the congestion effect,
v, a change in the share of public funds allocated to region 2 has both a relative income effect

and a migration effect. More specifically, we can conclude that, if A>1is initially high (due, for
instance, to a low initial value of ¢,), inequality increases. But as &, takes higher values and,

therefore, as more people join region 2, the weight of region 1 in the determination of the
economywide variance decreases. This effect combines with the fact that a positive change in &,

induces a reduction in the consumption, income and capital gap across individuals. In other
words, for a sufficiently high value of ¢,, the relative income effect is likely to dominate the
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migration effect, implying that economywide inequality and the share of public funds allocated
to region 2 describe an inverted-U relation.

Implications for steady-state welfare: Using (13) and the steady-state property of the model, we
obtain:

16) p AW, (1-a) L 1|dg
(l—a

L de, )(g*+5)+p ; de,

In other words, from (16) we can establish the following proposition regarding the impact of a
change in the share of resources allocated to region 2, &, :

Proposition 2: The golden rule share of resources to be allocated to region 2 necessarily equates

max

the growth maximizing one: 0< &, =&, <I.

This proposition claims that, in the case of high congestion effects (i.e. 1<v<1/(1-«)) like
those observed in mega-cities of developing countries, allocating a greater share of public funds

max

to poor areas is a proper policy to implement if 0<¢&, <&, =&, <1 initially. In this case, a
permanent and positive change in the share of funds allocated to region 2, ¢,, for a given overall

tax rate, 7, leads to an increase in growth and steady-state welfare. Intuitively, since individuals
are identical and, hence, indifferent between the two regions, they focus on difference in the
level of growth between the two regions, which affects their personal welfare perspective. This
latter should therefore be set to its maximum.

Regarding inequality, we can infer that ayz is likely to decrease, especially if 4 >1 is

high initially. This is interesting as this scenario is synonymous of a high relative level of
imbalance between regions. That is to say, it represents the situation we observe in developing
countries. In this context, the result of Proposition 2 suggests, contrary to the common view, that
favoring the less-developed area does not necessarily entail a trade-off between growth, long-run
welfare, and equality. By increasing investment in infrastructure within the less-developed
region, the government effectively favored its development via an increase in productivity of its
population. Interestingly, this effect is accompanied by the migration of some individuals from
the more-developed area. As a result the more-developed region becomes less congested,
yielding a productivity gain there as well. Overall, the policy is beneficial not only for growth
and welfare but it also helps to reduce regional imbalances (i.e., inequalities between
individuals).

4. CONCLUSION

Introducing economic development issues together with migration and equality problems
in an endogenous growth model is an important research area that we attempted to tackle in this
paper. We have built a simple endogenous growth model with two heterogeneous regions in
which individuals must decide where to reside and work. While one region is assumed to be
more developed (i.e., more productive) and thus more attractive from the perspective of an
individual’s income (or consumption), it is also more crowded, which dampens overall welfare.
That is, we formalized, in a straightforward manner, a trade-off between income (or
consumption) and congestion.

© Southern Regional Science Association 2014.



90 The Review of Regional Studies 44(1)

In such a framework, we demonstrate the key role played by the strength of congestion
effects in production when a specific regional policy change is implemented. We showed that, in
the face of sufficiently high output-based congestion effects, like those encountered in mega-
cities of developing countries, favoring development in the poorer area is the proper policy to
implement for most any nationwide policy goal. An important result is that there is not
necessarily a trade-off between growth and welfare, on the one hand, and equality on the other
hand.

For analytical tractability and for the purpose of establishing a first set of relevant results,
we have opted for the simplest endogenous growth framework. As the focal point of the paper
was the impact of government expenditures on the choice of location of individuals, congestion
was modeled as depending on population only. A natural extension could then be to add another
source of congestion: as it is standard in the literature, we could consider a congestion effect due
to the stock of physical capital and examine how it affects the main results. In the future, we also
plan to extend further our analysis of the link between residential choice, inequality, and growth.
We believe that considering a two-sector model of endogenous growth with human capital
accumulation is relevant. One reason is that population size or congestion effects are likely to
affect not only individuals’ productivity but also their learning abilities in various ways. In that
sense, it could help to endogenize the productivity of individuals and, in turn, refine our results
with respect to a possible trade-off between education (which would determine individuals’
income and consumption levels) and population size.

On the empirical side, an interesting issue would be to study the magnitudes of
population migration across regions, inequality, and welfare when the government attempts to
favor particular areas via a policy of development of infrastructure as formalized here. Another
direct policy implication is to analyze the optimal allocation of tax revenues between the regions.
In each analysis, it would be necessary to calibrate the model by mapping its equilibrium
conditions with actual data.'” Works by Alonso-Carrera, Freire-Seren, and Manzano (2009) and
Arcalean, Glomm, and Schiopu (2012) along these lines for Spain and Portugal, respectively,
could offer a starting point. Another interesting issue would be the numerical analysis of the
global dynamics of the economy. In this case, it would be more appropriate to consider public
capital as specified in Appendix A.2: this is closer to reality and would facilitate the matching of
the model with the data.
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APPENDIX
A.1 Proof of Proposition 1

A.1.1 Growth and inequality

Using Equations (2), (4), and (5), we can easily check that the capital/output ratio and the

consumption/capital ratio are identical for every individual:

k.

(17) Ku _k _ all-z) , foralli e[0,L]and j=1,2,
Vie Vi g+p+S’

S 6 (=)&) PP oraticpo,Land j=1.2.
k., k a

it t

(18)

From Equations (1), (17), and (18), after simple manipulations, we obtain:

kij,z _ kj,t _ {a(l_f)(Aj)”a ]a/ﬂa[ &7

, j=12,i€[0,L].
k g+p+6 iijiV]J [0,L]

t
Taking into account that individuals are identical, i.e. those choosing to reside in a given
region obtain the same levels of consumption and capital, with the condition

|y k, di = pLk, ,+(1- p)Lk,, = k,, we get:

[ a(l-7)(4 )" ]G/(l )[ &t ]pl 1di

1= g+p+0
ai=c) )”“]”/“ [ ]
+[gT ol 1di|

Simplifying this expression, we obtain (9). The economywide variance of income relative to the

t

average, y; /y,, is given by
G; = Var(yij,t /;t) = E(yij,t /;t_l)z = Ei\i<p(y1,z /)7;_1)2 +Ei\i>p(y2,t /;t_l)z'
Trivial decomposition yields:

o =E v vi=vi v ==y YOV +E [0 v =y v, ==y, YT,

where y; , denotes the average level of income in region j, j=1,2. Since each parenthesis is a

constant for each group of individuals separately, and using the fact that y_t = PE +(1- p)E
and noting that E/y_,: (p)lfv(Aj)”l “e r{a(l-1) Ng+p+511*""" we can simplify this

expression to obtain (10).
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A.1.2 Ratios and the population share

Recalling that ¢  =c,, /¢y, ¥ =Y,/ Vi k' = ky,/k,,, i€[0,L], Equations (17)

i2,t°

and (18) imply:

& =5 =k
Using Equations (1) and (6), we have:

N * n
5*=7‘=k*=[ -1,

I-p

and

ql-a

y A

_ (o LT) i

Thus, we obtain

P { Al(gl )l_a }(H;M)
4,(e,) ’

and
~% ok ]:* [A () W 1
Cc = = = | — > 1.
Y 4, (e,)

From the two previous equations, we obtain conditions (7) and (8).
A.2 Public Infrastructure as a Stock

In this section, we extend the analysis to consider the case where public infrastructure in
regions 1 and 2 are stock variables. Specifically, we assume that the number of units of public
infrastructure produced per unit of time in region j, j=1,2, is given by

7],[ = gjzyt _/u}/j,t’
where x>0 accounts for the possible depreciation rate of public infrastructure, or cost of
maintenance. We intentionally omit the case in which the production of public infrastructure is

characterized by decreasing returns (i.e. y,, =(¢,2,)" —uy;,, with 0 <@ <1) as it would lead
to zero growth in steady state.

With the above linear technology, the existence of a steady state with a strictly positive
level of growth requires that public infrastructure in each region grow at the same rate as total
output. We thus have

Jst g* + ﬂ *
As the efficiency conditions of individuals’ maximization problem are the same as in the main
text (see Equations 4 and 5), we can follow the same steps to determine the shares of individuals
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in each region and the steady-state level of growth. After computations, we can show that, as in
the main text, p* is given by (7) and the steady-state level of growth is implicitly given by

(g +p+5)a( a)( +ﬂ)=[a(l—r)(Al)l/“]g/(lfa)L P [Wl .
0= 57

In other words, from a qualitative point of view, the steady-state results depicted in the
main text are the same whether public infrastructure is treated as a flow or as a stock variable.

A.3 Transitional Dynamics

In what follows, we first derive a 3x3 linearized system in the consumption/capital ratio

per representative individual in each region, &, =¢,,/k,, and &,, =¢,,/k,,, and in the capital
. . . .. . ~ 1
ratio between representative individuals across regions, k, = k,, /k,,.""

Rearranging the technology for output and the resource constraint (see 1 and 2), we obtain

l-a .

&; -k,
(19) (1—7)a)| T | = i K s
(pJL) k"j?f kij,t kz’j,t
Differentiating (4) with respect to time and plugging the result in (5) yields
* l-a

S g,
(20) it = o1-7)(r) 7 A, JL7ER/S D

Cij’t (p ) klj t kt

Noting  thatk, = p"Lk,, + (1— p*)Lkz,t, Yy, =p'Ly, + (1 - p*)Lyz,, , after straightforward

manipulations of the above equations, we obtain

S _ (a—l)(l—r)Al(z—t’] L 51L) (pz+a- p)Lk_l)} |
Sie
+gl,t_/0

l-a

PV 8 B S R .
&, _|@-na T)A{kt] La—p*m” (p'2k, +a p)L)}
+‘§2,x_p

'® The dynamics of the consumption ratio between representative individuals across regions, ¢, =c,,/c,, isnotincluded as

its behaviour is implicitly determined by that of the capital ratio between representative individuals across regions,

k, =k, /k,,. See(19)and (20).
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Al =T _(p'L+-pHLE? Ta

[(pL)V(p +(1-p) ,)

; y e ~l—a (922- * * 77 e

AT /S DRPSN P R B A L L 1— p )Lk

lt n@) 2t<hkfnrbLﬂ pn,ﬁ ,
- (é:l,t - §Z,t)

where

a l-a
sl o)
a 1 * v
[&j _ kt (p L)

* k2 ' ¢ &,T el
1= pyLd,| 22| 6T
Hi=r) {&J{m—pnr}

Using k, = p"Lk,, +(1-p") Lk, ,, we obtain:
* ~a e

Yi_ 1 (P°L)™ A7) "k,

k, p'Lk,+(=p )L |+[(1- p")L]™ 4, (£,7) k"
Simplifying the above 4 x4 system with this last expression, we obtain:

* ~a (I-a)/a
(p'D)" A7)k, }

+[(A- p*)L]l_V 4, (ng)l_a

* l-a
fzzxﬁﬁiﬁ P
* v t B}
51,: (p L)

+§1,t - p

(a—1)(1- r)Al{

" v o Ta (lI-a)/a
(p L)l Al(glf)] k, }

(a-D(1- Z')Az{ i
+[(1-p L] 4, (5,0)

§2J — X|: 82‘[ :|1a
S [(1-p L) ’
+ §2,t - p

and
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l-a
&t ~ w
I_T{(pL) A(e7)k, } (p'L)

+[(1_p*)L]17VA2(827)17a —A|: &,T :|1a
LI-p LY
_(fl,t _§Z,I)

Taking a first-order Taylor approximation of the above system around the steady state, after

«Vz|;¥z.
|

~

tedious computations, we obtain:

5

51,/ 51,1 51,1 _51
§Z,t/§2,t =M gz,t_gz* »

kK, '

where the Jacobian matrix, M , corresponds to

and Q >0 verifies:

N2(1 N l—a (7% \-(-a)-1| &7 o
O- (I-a)" (I-)[(A-p )L] " 4 4,(e,7) “(k ) {—(p*L)V} |
(1-a)/a-1

| L) A (e0) (kY +[(1= p L]~ 4y (2y0)™

The characteristic equation of M reads

2

1- + —
(-9)9"+q 1 1o

The roots of the latter are: ¢, =1, ¢, ={1-Q{[p" /(1-p)]" k" +1}/(1-a)}/2+A"?/2, and
g ={1-Q{p /0= pH" k" +1}/(1—a)}/2—A"* /2, where the determinant, A, is given by:

A={1-Q{p (1= pH]" "k +1}/(1-a)}* +4Qaf{l+[p /(1= pH "k "} /1-a) > 0.
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It is easy to see that two roots of the characteristic equation are positive while the latter is
negative. Therefore, the unique steady state is (locally) saddle point stable. Indeed, the above

linearized equilibrium system is characterized by one predetermined variable, l:[ =k, /k,,,and
two non-predetermined variables, &, and &,,, suggesting saddle point stability around the

steady state.

We now analyze the impact of an increase in ¢, assuming that 7 is fixed both on impact
and along the transition, under the assumption that &, < &,” and that the economy is initially (i.e.
at date zero) in steady state.'” This is indeed the most interesting case as a change in, z, for a
given relative tax, &,/¢,, has no effect on the relocation of individuals.

From the M —matrix, it readily follows that, around the steady state, the slope of §:J//; ‘

is negative, while the slope of .»:;J/ k. is positive. Thus, as a control variable, on impact, the
consumption-capital ratio, & ,, i€[0,L], can jump up or down to a new saddle path. The

noteworthy feature is that individuals living in different regions have different adjustment paths.
Individuals in region 1 decrease their savings relative to their consumption. Thus, &, gradually

increases to its new steady state. Individuals in region 2, however, have an opposite behavior.
That is, &,, gradually decreases to its new steady state. A graphical representation of the impact

of a change in ¢, on economic variables is given in Figure 1.

As for relative physical capital, which is a state variable, there is no change on impact. In
subsequent periods, however, due to better public infrastructure in region 2, and k, > k ', relative

physical capital decreases to its new steady-state value. This means that along the transition, the
level of physical capital of those in region 2 increases faster than that of those in region 1. Figure
2 below illustrates.

A.4 Different Congestion Effects in Production

We now extend the analysis to a more "general" case where the parameters measuring the
regions’ congestion effects in production of output are different and verify
0<v, <l<v, <1/(1-a). That s, we set the technology for output as

l-a
Vit

Viu = A,k ) L)

Jot

Following the same steps as the main text, we can show, after some computations that the
share of individuals in region 1 is implicitly given by:

1/(1-a) N
i(i} NV
&\ 4, (I-pH)m

1 There is no reason for a government to set ¢ , > &, which reduces welfare.
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Figure 1: Dynamics of the Consumption/Capital Ratio for Individuals in Region 1 and 2
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Figure 2: Dynamics of Relative Capital, /;t
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Inspection of this condition shows that a unique steady-state solution for p* exists and is

unique. Moreover, the steady-state consumption, income and capital ratios of any individual
living in area 1 over any individual living in area 2 are implicitly given by:

Finally, the steady-state level of growth is given by
g =a(-D)(p’ D) " (4) gz +[(1- p )L (4) " e,7} 0~ 5 p,
Examination of the above equations shows that the main results of the paper still hold.
Note that dp” /v, <0 for a given v, and dp”/v, >0 for a given v, as long as p"L >1 and

(1- p")L > 1. That is, a greater (lower) congestion effect in production in region j makes it less

(more) attractive and leads to a migration to the other region. Analyzing the effects of a change
in the part of the tax allocated to region 2, ¢,, we obtain:

vt p @ () e @ [0 5y
de, | (1-v,)

*
dg Migration effect: >0 as v,<1 and 1<v|<1/(1-a)

a (g*+5+p _
l—a "ol =) dge. .
« L lelie)] 2l-p) 2(L)l_vz(Az)”(l_a)|:1—%(JN’*)(UH)/U}
1

)a /(1-a)-1

Public Infrastructure effect: <0 if 1=(3" )™/ g, /£,<0

From this expression, we conclude that if congestion effects are strong in region 1 and low in
region 2, g and &, describe an inverted-U relation as long as 1— (3 )¢, /& <0.
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