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Abstract

In a simple urban economics framework, we aim at highlighting how
the trade-off between optimal and equilibrium city size behaves when
introducing dynamic human capital externalities beside the classical
congestion externalities. Our purpose is to show that there are dy-
namic gains from oversized cities. To this end, we assume that pro-
ductivity depends on human capital, which is solely accumulated in
cities, such that urbanization is the engine of growth. In an empiri-
cal illustration, we highlight the link between urbanization and human
capital accumulation, by focusing on cross-country panel data.
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1 Introduction

Throughout history, urbanization has been a key element in the process of
development (Bairoch, 1988). Arguably, these two processes are inextrica-
bly linked - development does not occur without urbanization - although the
causal link between these two processes is not clearcut (see for instance Ja-
cobs (1969)). Today, developed countries are far more urbanized than devel-
oping ones — urban population represents about 75% of the total population
for the former countries and 37% for the latter (UN, World Urbanization
Prospects, 2001); urban areas generate 85% of GNP in high-income coun-
tries compared to only 55% in developing countries (World Development
Report 2000).

Many authors have attempted to quantify the economic costs and bene-
fits of urbanization. For the developing world in particular, much attention
has been paid to the costs of urbanization and perceived inefficiencies in the
process. Increased infant mortality rates, substantial pollution, and perva-
sive traffic congestion are all features of urban life. Rural-urban migration
also may entail a search inefliciency, as in the seminal work by Harris and
Todaro (1970). The existence of these various congestion externalities and
potential inefficiencies in the migration process have led many authors to
conclude that the levels of urbanization in many developing countries are
too high. Migration may be privately optimal but socially inefficient.

However, some benefits of urban scale must exist in order to motivate
rural-urban migration. The urban-rural wage gap in both developed and
developing countries is high and persistent. In addition, the nature of cities
appears to provide incentives for investments in education by their residents.
Returns to education are higher in urban areas, as are literacy rates and
average educational attainment levels. Rural-urban migrants tend to be
more educated than those who do not migrate (see, for example, Funkhouser
(1998)). Children in urban areas are more likely to be enrolled in school.!
Contributions in endogenous growth theory emphasize the importance of
human capital and knowledge accumulation in economic development (Lucas
(1988) and Romer (1986)). To the extent that urbanization encourages
human capital accumulation, cities become the engines of economic growth.
It is therefore of interest to examine the costs and benefits of urbanization
within a dynamic framework.

There are two related issues - the overall degree of urbanization and

!For a surveys on the nature and implications of urban migration see Yap (1977) and
Williamson (1988).



the degree of urban concentration. Many developing countries experience a
high degree of urban primacy, with a large share of the urban population
concentrated in a single large city, generally a major port, capital or both.?
Such uneven distribution of urban population my reflect inefficiencies in the
spatial structure of the economy. Severe primacy may arise from the con-
centration of political power and patronage (Ades and Glaeser, 1995), the
degree of tariffs and trade (Hanson, 1995), and the spatial allocation of pub-
lic infrastructure investment (Henderson, 2000). In addition, the absence of
efficient land development markets will tend to lead to cities which are larger
than their optimal scale (Henderson (1988) and Duranton (2000)). Hender-
son (2000) shows that the degree of urban concentration has an impact on
economic growth, with too much or too little urban concentration having
a relatively negative impact on growth. This relationship changes with de-
sired levels of concentration first rising and then falling with the level of
development.

Some nations have enacted deliberate policies in attempts to reduce
both the degrees of urbanization and urban concentration (Simmons, 1979).
Roughly speaking, there have been two sets of strategies for reducing ur-
banization and urban concentration. The first have involved attempts to
directly influence urban populations, either through forced resettlement of
urban residents to rural areas, or strict immigration controls on rural-urban
migration.? The second have involved the establishment of new industrial
satellite cities, as a way of reducing the degree of urban concentration rather
than decreasing urbanization per se. Examples of countries pursuing these
policies are South Korea and Brazil.

These twin issues of urbanization and urban concentration are related
but not identical. In this paper we focus on the former and examine a very
simple dynamic model of rural-urban migration with human capital invest-
ment in an economy with a single urban location. Technological progress
in the model is driven by human capital investment, a standard feature in
the growth literature (c.f. Galor and Tsiddon, 1997), and is an increasing
function of the economy’s average level of human capital. Urban migrants
invest in human capital, driving economic growth. At low initial levels of
technology a development trap can occur, with the levels of urbanization

?Taking OECD and subsaharan countries in 1995, we have average primacy rates of
0.25% respectively 0.41%.

3Examples include the extreme resettlement programs of Cambodia or the somewhat
more benign administrative controls in China during the early 1970s.

*Examples of which include attempts in Indonesia and the Philippines to slow migration
to Jakarta and Manila, respectively.



and human capital investment insufficiently high to promote growth. In the
absence of government intervention, equilibrium levels of urbanization tend
to be statically inefficient, a standard result due to the presence of conges-
tion effects. However, policies designed to remove static inefficiencies due
to urbanization will tend to slow the process of economic growth and may
even leave the economy stuck in a development trap.

Standard theories about the existence of cities stress the tradeoff be-
tween the costs and benefits of agglomeration. Benefits of urbanization
arise due to the presence of Marshallian externalities (Henderson, 1974) or
due to firm level increasing returns in imperfectly competitive markets (Fu-
jita et al, 1999). Dispersion forces offsetting benefits of employment and
population concentration arise due to such factors as increased commuting
expenditures within cities or transportation costs between the urban area
and the locations of immobile factors of production. In either case, urban
scale is generally self-limiting, with the costs of agglomeration eventually
outweighing the benefits.

In the sequel, a stylized urban economics model is depicted. The aim
is to take as granted the main results of previous models. Hence, we ab-
stract from any scale benefits per se, and focus on the self-limiting nature of
urban congestion effects. The presence of congestion costs, combined with
the migration of workers in response to net earning differentials, will always
ensure a kind of Malthusian equilibrium in which urban net incomes are al-
ways driven down to the level of the prevailing non-urban wage, despite the
presence of productivity benefits in the urban location. In the absence of
any restrictions on migration, in equilibrium urbanization does not provide
any static boost to the economy’s net per capita output. However, urban
migration will have dynamic benefits due to the investment in human capi-
tal by urban migrants. Though with congestion externalities, from a static
perspective the equilibrium level of urbanization is generally too high, con-
gestion costs also have the effect of discouraging human capital investment,
which has dynamic implications.

The paper is organized as follows. Section 2 provides some empirical
hints about the relation of urbanization and human capital accumulation.
In section 3 we outline the basic model and solve for the dynamic equilibrium
path of the economy. In section 4 we consider the impact of actions by a
myopic planner on the economy’s growth path. Section 5 concludes.



2 Empirical Foreword

There have been extensive empirical work linking both urbanization as well
as human capital to growth (Eaton and Eckstein (1997), Barro (2001), Tem-
ple (2001),...). The factor augmenting or productivity enhancing nature of
urbanization respectively human capital accumulation are standard expla-
nations of growth in urban and growth economics literature.

Although urbanization and human capital levels are closely interlinked,
there has been no formal attempt to study their direct inetraction.

As pointed above, it is a well documented fact that levels as well as
returns to education are higher in urban than in rural areas. The former
fact can be related to the activities in cities compared to remote areas.
Since Christaller (1933) and subsequent empirical studies, we know that the
number of diversified activities increase with city size. Agglomeration of
people do allow for higher degrees of segmentation in production activities,
and hence higher diversity which is valued by consumers. The broader the
array of production, the higher the degree of specialization of each particular
activity and hence, the higher the skill requirements.

But this is not the end of the story. This latter fact, i.e. higher returns
to education in urbanized areas can directly be related to external effects of
human capital. Knowledge diffusion being intrinsically local, urbanized ar-
eas constitute locations minimizing distance between people, favoring hence
the internalization of knowledge spillovers.

Drawing upon this, we provide empirically related facts by running
macro level regressions. In the foregoing, we discuss the results of these es-
timations. Details on data, estimation techniques and results can be found
in the Appendix.

Starting from a panel of approximately 100 countries over 30 years (by
5-year periods observations), we regress human capital accumulation on
urbanization, taking into account for endogeneity issues.” Estimating a
growth-convergence type specification for human capital across countries,
and accounting for urbanization and time specific dummies, it results that
urbanization is positively related to human capital accumulation even after
controlling for the general level of development.

Due to the boundedness of the rate of urbanization between 0 and 1, we
may expect non-linear effects of this latter variable on human capital accu-
mulation. Thus, departing from the linear specification, we add a square

®Human capital accumulation is proxied as the 5-year increase in the average years of
education of the population aged 25 or more.
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Figure 1: Marginal impact of urbanization on human capital accumulation

urbanization term to our specification, keeping our control variables too.
The result points to an increasing marginal impact of urbanization on hu-
man capital accumulation (see Figure 1). The zero crossing point, bellow
which urbanization deters human capital accumulation, is given for levels of
urbanization approximately 30%. In 1960, 42 countries were bellow this level
of urbanization (39% of our sample), and still 25 countries were concerned
in 1990 (23% of our sample).®

This result is consistent with urban history. In first stages of devel-
opment, cities entail industries requiring low skilled worker (think of steel
cities or textile cities for instance). Hence, no human capital externalities
may arise as people have no or low levels of education, and congestion costs
largely dominate (Bairoch, 1985). However, as Duranton and Puga (2001)
have shown formally, more service oriented, skill intensive activities in cities
appear with development going on, favoring consequently education.

Finally, in order to support the idea that the marginal impact of ur-
banization on human capital accumulation varies with the absolute level of
development and educational attainment we use interaction terms:

urbanizyg[a + A\ hsyry) (1)

urbanizi[o + A\rhsyric + )\z(hsyrit)2} (2)

®In 1965, there were 38 countries (35%), in 1970, 33 countries (30%), in 1975, 32
countries (29%), in 1980, 30 countries (27%) and in 1985, 28 countries (25%).



Doing so, it appears that the marginal impact of urbanization on hu-
man capital accumulation is increasing (specification (1)), with an upper
threshold value of 10 years when adding the square term of human capital
accumulation (specification (2)). This threshold however exceeds the high-
est educational attainments of any country thus far (USA 1990: 6.92 years).
Thus marginal impact of urbanization is always positively correlated to the
level of education, as all countries are in the increasing part of the parabola.

Building on these results, we will consider urbanized areas as favorable
places of human capital accumulation in the sequel model.

3 The Model

Consider an economy with NV workers, who are ex ante identical. All workers
are members of single-worker firms who live for one period, supply labor
inelastically, and consume what they produce.” In the beginning of the
period workers make a joint location and human capital investment decision.
In the middle of the period they work, and at the end of the period they
consume.

Workers may choose to reside in either of two locations. The two loca-
tions are distinct geographic entities which differ in their spatial structures
and production technologies. The first location is a rural one, in which work-
ers engage in a traditional method of production. Workers in this location
have no incentive to invest in human capital, at least over and above some
minimum skill level required for their craft. Formally, workers in the rural
areas receive the following earning levels measured in utiles:

Iy = Gr A (3)

where A; represents the economy’s level of technology at time ¢, an G, is
an exogenous productivity factor, representing, for example, the quality of
rural infrastructure.

The second location is the urban one. Workers in the urban location have
access to different levels of public infrastructure and production technologies,
and benefit from investment in education, which requires a supplementary
effort given by P per unit of human capital.

"The model could easily be augmented to include physical capital. Here we choose to
keep the model as tractable as possible and take for granted forces at the origin of cities
and that have already been modelled, for instance in Henderson (1988).



This assumption is directly related to section 2 and merits some dis-
cussion. While there is substantial evidence that returns to human capital
are higher in urban areas, this does not imply that there are no returns to
education in rural areas. This particular assumption is made for simplicity
and is not necessary - qualitative results of the model remain unchanged
if workers in rural areas can also benefit from human capital investment.
However, it is necessary that the marginal productivity of a given human
capital investment is higher in the urban area.

An additional feature of the urban location is the existence of congestion
externalities. There are numerous potential sources of external diseconomies
of urban scale. As local populations grow, the degree of traffic congestion
rises. There is evidence that there are negative health effects of urbanization,
with increased infant mortality rates in large urban areas. This is true for
developing areas, but this has also been true until the 19th century in Europe
and the US. To some degree, these negative impacts are unpriced and are
thus a negative externality. Individual migrants do not recognize the impact
of their location decision on the rest of the population.

Formally, gross earnings received by a worker ¢ who chooses to locate in
the urban location are:

Wut = GuAchC; (4)

where G, represents the quality of public infrastructure at the urban level
and other productivity advantages it may possess, A; is the current level of
technology, and h;; is the amount of human capital possessed by individual
i, which can be obtained through a per unit level of effor P. We assume
decreasing returns to scale in education, o < 1.8
In addition, the utility levels of workers in the urban location are nega-
tively impacted by the size of the local population, capturing urban external
diseconomies. We assume that increasing urban scale imposes a cost on ur-
ban residents, which for simplicity, can be measured in units of net earnings.
The urban residents earnings net of educational efforts and congestion are
then:
It = Wiy — Phyy — b(zN)3 (5)

where 0 < z <1 is the proportion of the population that locates in the city,
b is a constant, and 6 > 1 is a parameter that reflects the inverse intensity
of the congestion externalities.

8Note that earnings have only private returns in the present framework. When intro-
ducing the equation of motion, we will however see that there are also social returns to
education, but indirectly through the productivity variable.



3.1 Human Capital Investment and Technological Progress

The human capital investment decision faced by urban workers is:
max I, = G Aihy; — Phy — b(zN)%
it
providing:
1
= (aGuP 1Ayt (6)

Though the choice of h; will impact on the equilibrium value of urban popu-
lation, as the next section demonstrates, individual workers do not perceive
the impact of their investment and location decisions on city size as they do
not perceive their contribution to congestion when migrating to cities.

3.2 Locational Equilibrium

With costless migration, the proportion of the population that chooses to
locate in the city, 2;, adjusts up until the point where:

GuAhi® — Phi, — b(%N)5 = G, A

or until z; = 1, and the economy experience full urbanization. This condition
can be rewritten as:

*Q * 6
azfﬂﬂtzﬁtamﬂ -
bNs

Proposition 1 The city size which maximizes the economy’s per capita out-

6
put net of congestion losses is equal to (ﬁ‘sl) ZtN.
Proof. The proof is straightforward. A planner allocating workers in order

to maximize per capita net output I; in the economy faces the following
problem:

max [; = 2[GuAihi® — PRl — b(2N)3] + (1 — 2)Gp Ay
2t
from the first order conditions we have:

"
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This is a standard result deriving from the existence of a congestion
externality. When choosing to locate in the city, individual workers do not
take into account the impact of their location on the costs of living for all
other workers. Thus, in the absence of any migration restrictions, cities will
tend to be too large, at least from a static perspective. Note that if the size
of the city is restricted to 2™, earnings in the city will be larger than that
in the rural area, making city dwellers better off.

3.3 The dynamic path of the economy

The maximized level of net earnings for urban workers is given by:
1
2= (L= a)BIAT —b(zN)? 9)

where B; = (ozo‘GuP_o‘)ﬁ and z will be determined by the locational
equilibrium conditions 2; above.

As is common in the literature (e.g. Galor and Tsiddon, 1997), we
assume that technological change is driven by human capital accumulation.
Specifically, we assume that the equation of motion for the overall level of
technology A; as given by:

At+1 = max[At, (Zthz't)e] (10)

with no depreciation. The reason why we suppose that productivity is linked
to average rather than absolute level of human capital is related to the fact
that we have supposed no direct external effects to education, thus justifying
the present assumption.9

The level of technology in the economy is increasing in the average level
of human capital investment in the preceding period. Increased urbanization
leads to greater average investment in human capital, which propels tech-
nological progress. Thus, urbanization is the engine of economic growth in
this model. More urban residents investing in more human capital increase
future productivity.

To solve for the dynamic evolution of the economy, first substitute (Zthit)a
into (6), adjusting time subscripts appropriately, to obtain:

1
aGoy(zp—1hi—1)? | 7=
hit:l (tpl t 1)1 (11)

9For a given N, results remain qualitatively unaltered even if productivity depends on
absolute levels of human capital.



Hence urbanization acts through two channels on technological change:
directly via 2z in expression (10), and indirectly through the impact of z;_1
on hj (expression (11)), this latter variable interveining in (10).

Before beginning a more formal analysis of the dynamic path of the
economy, an intuitive description of the process is appropriate. As the level
of technology increases, individuals will invest in greater amounts of human
capital. In addition, higher productivity encourages more people to migrate
to the city, increasing the proportion of that population that invests in
human capital. Depending on the values of the parameters in the model,
there are variety of paths the economy may take. It will always be the
case that for low (but positive) initial technology levels, the economy will
remain in a development trap, with no economic growth.'® It is possible
that regardless of the initial level of technology, the economy will never
experience economic growth. Or, if the initial level of technology is high
enough, the economy may grow for a time and then converge to a steady
state level of output, with full or partial urbanization, or may experience
unbounded growth with full urbanization.

For the dynamic equilibrium path of technology {A4;}2°, , three cases
may be considered: no urbanization, partial urbanization, and full urban-
ization. In the trivial case, when z; = 0 and I,; < I, there is no incentive
for urbanization to occur. This will be the case whenever the initial level

of technology A0 < ((1_%) B1) “ . The economy remains in a development
trap, experiencing no growth, with per capita earnings G, A; = G,A° Vt. For
interior rates of urbanization, 0 < 2z; < 1, the dynamic path of technology
can be found by combining (6), (7), and (10). Per capita earnings are simply
equal to I; = G, A;. Finally, in the case of full urbanization, when z = 1, the

evolution of technology is obtained by replacing (6) in (10), z; being equal
1

to 1. Per capita earnings are given by I; = (1 — a)B1 A}~ — bN's.
Leaving aside the trivial no urbanization case, the dynamic path of tech-
nology in the economy is characterized by the following equation of motion:

1 (A¢) if 2z <1land~, (A)>0and (zhy)’ > A
A1 =7 (A) =S 7y (4 if 2z =1and~y(A;) >0and (zthit)e > Ay

A otherwise

where

'0Under the assumption that technology is never lost or forgotten, then the economy
simply remains at its initial level of output forever.
ply p

10



541 s1-a)+1

v1(A¢) = BoBs[(1 — a)B1 A~ — GRA,°0 ) % (12)
0
Yo (Ar) = B2 A;~° (13)
0 50
and By = (a—g“) '“* and B3 = (b1\17%> .

The function 7, (A;) governs the dynamic evolution of A; in case of par-
tial urbanization. The evolution is governed by 75(A:) when there is full
urbanization. It is shown in the appendix that at the point where z; = 1,
and 7 (At) = v5(A¢), the slope of v45(A;) is strictly less than that of v (Ay).
The reason is given below.

The path of the economy depends critically on the magnitude and shape
of the 7, function in (12). The economy remains in a no-growth trivial steady
state for all values of A; such that v;(A;) < A;. v, becomes positive for
some A” > 0. Below this point, all levels of technology are trivial no-growth
steady-states. As the level of technology increases, v;(A:;) may intersect
the 45° line, where ;(A;) = A, once or twice. Each intersection of this
line corresponds to a potential non-trivial steady state. If there exists a
single lower intersection, denoted A!, then this is a steady state that is
unstable from above. Whether or not the economy experiences unbounded
endogenous growth or converges to a steady state will then depend on the
concavity or convexity of the function 75(A;). If it is concave, then the ~y
function will have an upper intersection with the 45° line, corresponding to
an upper steady state A2 that is stable from below (all points above are also
trivial no-growth steady states). Otherwise, the convexity of both 7, (A;)
and 7y5(A¢) implies the economy will experience unbounded growth. If 7,
intersects the 45° line twice, then there definitely will exist an upper state
A? with a corresponding level of per capita earnings I2.

Forgetting the trivial no urbanization case, we can summarize in the
following proposition the dynamic evolution of technology:

Proposition 2 Three possible dynamic paths of the economy exist:
1. The economy always remains at its initial levels of urbanization and ag-
gregate output, for all initial levels of technology.

2. There is a range of initial levels of technology such that the economy
experiences growth and converges to a steady state with A > 0, h > 0, and
0 < z < 1. Outside of this range, the economy remains at its initial levels
of technology, urbanization, human capital investment, and aggregate output.

11



3. If the initial level of technology is sufficiently advanced, the economy
experiences unbounded growth with full urbanization in the long run.

Case 1 is represented in figure 2. In this case, parameters are such that
v; is concave and VA, v(A;) < A;. Even if technology is initially quite
high, not enough individuals are induced to invest in a high enough level of
human capital in order for there to be technological progress. Regardless
of the initial level of technology, the economy never manages to grow and
remains at its initial levels of technology, earnings, and urbanization forever.
Note that figure 2 is pictured assuming that the function -y (A¢) is concave.
This case can still potentially apply even if it is convex, as long as v, (A¢) is
concave and crosses v, (4;) below the 45° line.

Case 2 is represented in figures 3 and 4. There are two possible (non-
trivial) steady state levels of technology. The steady state A! is unstable.
For low levels of initial technology providing earnings levels below this steady
state, workers do not invest in enough human capital and the economy re-
mains in a development trap. For an initial level of technology of precisely
A', the economy will remain at the lower, unstable steady state. If technol-
ogy begins above Al, the process of urbanization and growth commences.
In Case 2a the economy will grow, with human capital investment and the
urbanization rate increasing until they reach steady state levels which pro-
vide a per capita earnings of G,A%. Note that it is actually possible to
“overshoot” this steady-state. If the level of technology begins above this
point, the economy remains at initial levels as technology is not forgotten.
In this case, the steady state level of urbanization z < 1.

In Case 2b, at the upper stable steady state level of technology A2, the
economy experiences full urbanization. The kink in the function describ-
ing the dynamical system at point A/ is at the point where technology is
sufficiently advanced that the entire population chooses to invest in human
capital and locate in the urban area. Above that point, the speed of growth
slows, as only new human capital investment, and not a greater number of
workers choosing to become educated, increases the average level of human
capital investment and propels technological progress. Per capita earnings
in the steady state are equal to (1 — «)B; (1212)ﬁ — bNE.1

Case 3 is represented in figure 5. A necessary condition for this case is
that 6+« > 1. In this case, technology and output grow without bound, at
least for high enough initial levels of technology. The economy progresses

"'The inclusion of an actual agricultural sector in the model would generally preclude
the potential for full urbanization in the long run.

12
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Figure 2: Global development trap (Case 1)

first towards full urbanization, at the point A/, and then economic growth
proceeds, with per capita earnings (and growth rates) rising forever. When
0+4+a = 1, upon reaching a level of full urbanization, the economy experiences
constant growth rates of technology and incomes equal to Bs — 1 > 0.
Otherwise, in case 3 the economy experiences explosive growth with ever
increasing growth rates, for high enough initial levels of technology.

How can an economy bring itself out of a development trap? The initial
level of technology is taken as exogenous here. If the economy experiences
a positive technology shock, it is possible that this will lead to urbanization
and investment levels sufficient enough to bring the economy out of the
trap. In addition, investment in urban infrastructure, by affecting the urban
production technology parameter GG, may provide the necessary incentives
for the economy to move from stagnation to growth.

13
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Figure 3: Steady state with partial urbanization (Case 2a)

'i[+ 1 M( A)
A2 ." yAA)
Af '
Al
45°
> A

Figure 4: Steady state with full urbanization (Case 2b)
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Figure 5: Unbounded growth (Case 3)

15



4 The Static Planner Case

Proposition 1 demonstrated that equilibrium city sizes are too large, from a
static perspective. Workers arriving in the city do not take into account the
added burden of congestion that they place on all other workers. Thus, for
a planner able to allocate workers in order to maximize per capita earnings
in the economy, the solution is simple - restrict urban entry. Of course, the
success of any attempt to enforce such a policy will depend on a variety of
factors, and may be limited in practice.

However, restricting urban entry also has additional dynamic effects.
Limiting the number of residents in the city diminishes the number of work-
ers who invest in human capital, without any impact on the investment
levels of workers who are allowed entry. Thus, the aggregate and average
level of human capital investment will fall, slowing the rate of technological
progress. In addition to potentially slowing the rate of growth, such a policy
will expand the range of initial technological levels for which the economy
is stuck in a development trap.

Consider the impact of a myopic planner whose objective function is
to maximize per capita incomes in each period on the dynamical system.
Assume that this policy is announced in the beginning of each period, before
each new generation has made its investment and location decisions. A
lottery system allocates city dwelling permits to a set number of workers,
who then make their human capital investment decisions.

From Proposition 1, we know that the planner will allocate 2™ workers in
each period, an amount which will depend on the current level of technology
and other parameters. The impact of this on the dynamical system is as
follows:

(525)" 7 (AP) i 2 < 1and v, (A7) > 0 and (°ha)’ > A,
1 =4 vy (Ar) if 2 =1 and v, (A7) > 0 and (2"hy)’ > A,
Ay otherwise

The intuitive reason for this is as follows. The myopic planner influences
z, the fraction of the population locating in the urban area, and consequently
investing in human capital. The myopic solution is a fraction of the optimal
solution, however by definition z cannot be greater than one. Thus, when
the myopic optimum is a corner solution, with 2™ = 1, it is equivalent to
the equilibrium outcome. Thus, the economy’s growth, which is now purely
driven by an increase in the quantity of education obtained, and not by any
change in the number of those choosing to become educated, matches that
of the equilibrium growth path.

16
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Figure 6: Planner case

Figure 6 gives a graphical representation of the impact of a restriction
on urban entry, assuming parameters are such that the economy follows the
dynamics of Case 2. Restricting urban entry rotates the equations describing
the dynamical system. This has two major impacts. First, the range over
which the economy is stuck in a development trap (any technology level
below the lower steady state) is increased. Secondly, the upper steady state
level of technology is also lower than in the equilibrium case.

Of course, what is important is not technology per se, but earnings.
In comparing steady state levels of earnings under the equilibrium versus
myopic planner’s outcome, it is possible that they may actually be higher in
steady state under the myopic planner’s outcome. However, it is important
to remember that the steady state level of technology determines the level
of potential per capita earnings. In early stages of development, at least, the
dynamic benefits provided by human capital accumulation may offset the
static congestion losses. This is especially true when parameters are such
that the economy would otherwise remain in a development trap. In later
stages of development, for higher levels of technology, the dynamic benefits
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are more likely to be offset by static losses. And, at the steady state then
for the equilibrium outcome, nothing is lost by restricting urban size to that
which is statically optimal.

5 Conclusion

In this paper we presented a dynamic model of rural-urban migration with
growth resulting from technological progress due to human capital accumu-
lation. At low levels of technology, a development trap may occur, with the
levels of human capital and urbanization being insufficient for growth to oc-
cur. In equilibrium, urbanization rates are too high from a static perspective,
due to the existence of a congestion externality. However, as urbanization
encourages human capital accumulation, there are dynamic benefits of static
over-urbanization.

Myopic policies designed to reduce the degree of over-urbanization by
limiting urbanization will tend to have an adverse impact on economic
growth, lowering an economy’s steady-state level of technology and poten-
tially leaving the economy stuck in a development trap. This suggests that
policies designed to remedy potential over-urbanization may have adverse
dynamic effects. In addition, spatial redistribution, rather than a curtailing
of an economy’s urban population may remedy the costs of over-urbanization
without these negative dynamic effects. However, a full understanding of
this requires in-depth knowledge of the costs of infrastructure investments
required for urban population decentralization.
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6 Appendix

6.1 Econometric specification and issue

The estimated functional form is as follows:

A (human capital), = o+ ( (human capital);, , (14)

NTx1 NTx1
+0 (urbanizat®),, ; + (controls),, | B +p; + i
k) k) \ /

NTx1 NTxK Kx1
2 . .
o it i=j

where w; is iid with E (uy) = 0 and e (ugujs) = o7 if t=s .
0 otherwise
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Specification (14) amounts to a conditional convergence pattern. f; is a
country specific effect, allowing for a different constant per country. However,
slope coeflicients are identical across countries. In the above specification,
w; is supposed to be uncorrelated with the error term w;. Nevertheless,
OLS estimation will lead to biased estimators as A (human capital),, is
correlated with the country fixed effect, which immediately implies that
(human capital);,_; is a function of ;. The same is true for fixed effect

estimation, as (human capital),, ; — (human capital), is by construction
correlated with wu;; — @;. Following Arellano and Bond (1991), we thus wipe
out fixed effects by first differencing specification (14):

A (human capital);,, — A (human capital); ;4 (15)
= (Xig1—Xit—2) @+ (i —uig—1)

The first RHS expression can be instrumented by X;; o, which is highly
correlated with (X;;—1 — Xj;—2) but uncorrelated with (u;; — u;;—1) as long
as u; are serially uncorrelated. For next period, X;; 1 is a valid instrument
for (X;;— Xis—1), but X;; o still too, and so forth for the following pe-
riods. Hence typically for dynamic panels, we have different numbers of
instruments for different periods, leading to an overidentification issue. The
literature suggests to ways out: either leave aside some instruments, but at
the same time, lose some information, or estimate the overidentified system
via GMM. The latter solution has been adopted in the regressions presented
in the results table. The following tests are also provided in our output ta-
ble: Sargan’s test of overidentifying restrictions, asymptotically distributed
according as x?. First-order and second-order serial correlation: first dif-
ferencing the model induces MA(1) serial correlation if the time-varying
component of the error term in levels is a serially uncorrelated disturbance.
This test is distributed as a standard normal variable.

6.2 Data Source Appendix

Data used in this study were assembled from different sources by James
Davis and Vernon Henderson. National and urban population data stem
respectively from UN World Urbanization Prospects Table A.3 (Values for
Czechoslovakia, Yugoslavia and USSR are summed over former constituent
republics. Values for West Germany are calculated using the World Bank
WDI urban percent of the Penn5.6 population figure.) and National pop-
ulation. UN World Urbanization Prospects Table A.5 (Values for West
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Germany, Czechoslovakia, Yugoslavia and USSR are taken from the Penn
World tables 5.6 (1995 are missing observations).

The Barro-Lee (Barro, R.J., and J.W.Lee, International Comparisons of
Educational Attainment, Journal of Monetary Economics, 32, 363-394, 1993;
International Measures of Schooling Years and Schooling Quality, American
Economic Review, 86(2), 218-223, 1996; International Measures of School-
ing Years and Schooling Quality online data, World Bank Economic Growth
Research Group, Washington D.C.: World Bank, 1996.) datasets provided
human capital variables. Census and survey figures primarily from UN-
ESCO Statistical Yearbooks and UN Demographic Yearbooks fill two fifths
of the observations. The remaining values are estimated using UNESCO
school enrollment data and a perpetual inventory method. The data are not
adjusted for quality of education or length of school day or year.

Finally, control variables were taken from Penn World Tables Mark 5.6
for rgdpch. 1995 values are estimated using World Bank WDI yearly real
GDP growth figures on 1990 values. World Bank WDI provided data for
LlifeWBa. Czechoslovakia, Yugoslavia and USSR are averages over the con-
stituent republics weighted by population share. The values for united Ger-
many are substituted for West Germany.

6.3 Econometric results

The following table provides the econometric results with fixed effect and
dynamic panel estimators:
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(€] @ (©)] 4 ®
= = = = =
= s |z |5 2 s = 5 |z %
© 2 © b3 © = © 2 © =
w w '8 w w
urbanization 0.60* 0.91*** 0.73* 0.97*** -2.02%** | -1.66** 1.39%** 0.79** 1.09%** 043
(0.37) (0.304) | (0.39) (0.379) | (0.42) (0.675) | (0.28) (0.378) | (0.25) (0.400)
human -0.22¢** | 0.31%** | -0.37%** | -0.41%** | -0.45*** | -0.45*** | -0.64%** | -0.67%** | -0.74*** | -0.71%**
capital (0.04) (0.031) | (0.03) (0.035) | (0.02) (0.035) | (0.06) (0.084) | (0.03) (0.084)
Log (GDP/capita) 032*** | 0.22*** [ 0.06 0.19%** | 0.28*** | 0.21*** | 025*** | 0.19***
(0.07) (0.055) | (0.06) (0.054) | (0.05) (0.054) | (0.05) (0.055)
Log (life -0.90*** | -1.61*** | -0.30 -0.817%* | -0.45** | -1.15%** | -0.49*** | -0.96**
expectancy) 0.27) (0.384) | (0.24) (0.413) | (0.22) (0.401) | (0.19) (0.408)
(urbanization)? 34T | 2.77%%%
(0.44) (0.596)
urbanizationx 0.35*** 0.41*** 0.60*** 0.68***
human capital (0.09 (0.115) | (0.07) (0.154)
ur banizationx -0.03%** | -0.04%**
(human capital)? (0.004) | (0.017)
Timedum. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sargan test 3119 4056 55.70 50.76 67.05
[df.; p-value] [24,02] [36;0.3] [48,0.2] [48,0.1] [60,0.3]
1% order serial corr. | -3.02¢** -2.78%** -2.8%** -2.86*** -2.85%**
[0.003] [0.005] [0.005] [0.004] [0.004]
2" order serial corr. | -0.782 -0.913 -0.698 -0.860 -0.744
[0.434] [0.361] [0.485] [0.390] [0.457]
R? within 0.25 029 0.32 0.31 032
#obs. 400 659 400 615 400 615 400 615 400 615

Fixed effect and GMM results

6.4 Analysis of v function.

6.4.1 Crossing condition between 7, and v,

Begin by proving that at the point z; = 1, and v, (Az) = v5(A¢), 8781715{?’5) <

6—762}4%2. Assume not. We can write:

541 S5(l—a)+1
01(Ar) §0ByBs[(1 — ) By AT — G, A, T 1861 (16)

0A;

1£2+o¢ _ 1
><[5 +1 (M) GTAté(lfa)}

l—a
5 B 5(1—a)

At the intersection of the two functions:

9v2(Ar) _ 0 -1 _ 0 -1
81475 - 1— a’)/Q(At)At - 1— O[f}/l(At)At (17)
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Comparing (16) with (17) we find that having the former be less than the
latter requires:

Lo (5(1 —a)+1

1+6a

1 1 1
) CrA[T™ < BT - G AT
—

1BA5(1—a)_
(6+1)B14; 1 —a

which after rearranging requires:

146

__1
B1AY Y < GRAY

or: 1
BiA] " < G A (18)

1
Given that B1 A~ > I, = I}, = G, A;, (18) never holds.

6.4.2 Shape of the vy, and 7, functions

The dynamic evolution of the economy’s level of technology depends on the
shape of the function y(A;).

1 (A¢) if 2z <1land~y, (A)>0and (zhy)’ > A
A1 =7 (A) =S 7y (4) if 2z =1and~y(A;) >0and (zthit)e > Ay

A otherwise

where

S(l—a)+1

541 0
v1(A) = BoBa[(1— ) B1A} ™ —GrA,°C 7 1 and vy (Af) = Bo A

1—a

@

71 (4¢) < 0 when 4; < [(I_GW} and is strictly positive other-
wise. Taking the first derivative, we get expression (16). Over the relevant
range where 7, (A:) and z; are both non-negative, the first expression in

brackets is positive. The second expression in brackets is positive as long as

1—a
Ay > [%} “ | which is always the case in the relevant range. The

1—a
%} “ and is monotonically

function reaches a minimum at 4; = [
increasing thereafter.

The evolution of the economy will depend critically on the curvature of
the v, function. Specifically, the number of times that this function inter-

sects the 45° line, where v, (4;) = A;, will be a crucial factor for the dynamic

1
path of the economy. Recognizing that when v;(A;) = A¢, 11 (At)% = A,
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we can simplify the analysis by defining A; = At‘%" and §,(.) = 71(.)6_19.
We can then analyze the shape of this somewhat simpler function, and the
dynamics of the transformed variable A;.

We have:

o 0(6+1) L Bl(5(1—a)+1)]

A1 (A) = (BeBs)% [(1— a)BiA, =" — G4, ™ ]

_0 60
where By = (a—g“) '"* and B3 = ( 1 ) .

41(A;) > 0 as long as [(17%)31} 0 = A0,
Taking the first derivative and simplifying notation by setting v =0+ 1

Ol(v—ba)]—1+a
1
t

2 1 JOv—=1ta _ R
t

l—a

from which it is easy to show that 4,(A4;) has a minimum where A; =
l1—a

[%El_—fz)%} “ and is monotonically increasing thereafter.

Taking the second derivative:

24 — " Ov—242a
3:}/21 _ (3233)%[M31At T—o
047 l—«
0l(v — 6a)][0[(v — ba)] = 1+ a] , ;ole=fpzize
- ( (1—a«)? ) Grd,

In order to sign this derivative, we need to distinguish between 3 sets of
parameter values.

Case a: v — 1+ a < 0 In this case, (v — da) — 1 +a < 0 as
well. Then, the second derivative is positive, 4,(A;) is convex, when A <

l-a R R
[<U_6a)<0(v_6a)_l+a)0r} %% < A% and concave otherwise. Thus, YA; such

(fv—1+a)(1—a)
that 4, (flt) > 0, the slope of the monotonically increasing function is de-
creasing.

Case b: (v —da)—1+a<0<bOv—1+a.
In this case, szlt, 862:21 >0.
1

Casec: bv—1+a>0

1

In this case, 4;(A;) is convex when A > [(”_6?g£€(;’;2?8£ 1:)0‘)& e <

A9, So, for V4, > 0, 65772 > 0.
1
To summarize, when v — 1 4+ a < 0, 4 is concave Vy; > 0. When
(v —da) —14+a <0 < Ov—1+ a, the slope is increasing VA;. When
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0v — 1+ «a > 0, the slope is decreasing over some range of positive values of
A,, but increasing for all positive values of A1-

In case (a), given concavity of 4, (At), the potential exists for there to
be either 0, 1, or 2 values of Ay such that Y1 (flt) = A;. Parameters may be
such that VA, ’yl(/lt) < A;. There may be a single tangency point where
4,(A;) = A;. Or, a range of values may exist such that 4, (A;) > Ay, with
two intersection points.

In cases (b) and (c), given convexity, there will always be a single inter-
section point where 4 (A;) = Ay.

[’

Analysis of 4y(A;) = ByAl™® is simpler. From the first and second
derivatives, it is straightforward to determine that the function is monoton-
ically increasing, and is globally concave if 6 + a < 1 and globally convex
otherwise.
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