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NON-TECHNICAL SUMMARY

The recent iiterature on endogenous growth and development has sought to
explain sustamed disparities ot income levels and growth rates across
countries. The principal mechanism whereby these models gencrate large and
sustained divergences across countries is the existence of exterpalities. In this
paper we identify an alternative mechanism based on the interaction of
investment with unemployment, whereby sustained divergences in outcomes
can occur.

The paper presents a model of economic development ot an economy
comprised of an agricultural-rural sector and an urban-industrial sector.
Economic development is identified with a successtul and sustainable
accumutation ot physical capital in the urban-indusinal sector. There are two
elements ot the mechanism that create a channel for potentially divergent
fong-run outcomes. The first element of the mechanism is that unemployment
evalves non-monotonically dunng the sectoral realiocation process. Starting
trom an nitially underdeveloped urban-industrial  sector, therefore,
unemployment tends to display a hump-shaped pattern as the urban-industrial
sector capilal stock expands.

The second element ot the mechanism is that wages in the urban-industrial
sector are a decreasing tunction of unemployment. Such a notion, of course,
corresponds to standard models of the Phillips curve. In our mode}, such a
dependence arises from an expiicit efficiency-wage mechanism in the urban-
industrial sector. At any given capital stock, unemployment, by depressing
wages, provides an impetus tor empioyment expansion, which in turn raises
the marginal productivity ot capital.

Since unemployment is a hump-shaped function of the urban-industrial capital
stock and unemployment, by depressing wages, raises the return to capital, in
equilibnum the return o capital will be increasing in the initial stages oi urban-
industrial sector development and subsequently will be diminishing. We show
that when firms in the urban-industrial sector behave myopically, and
investment is determined entirely by current rates of return, there exists, i
generat, a critical threshold level of the urban capital stock. As fong as the
capilal stock falls short of ihis level, the economy will be trapped in an
equilibrium where the urban-industral sector does not develop. Only it the
initial capital siock somehow - through policy actions, external grants,
exogenous shocks, or historical accident — exceeds this critical threshold level
wilt the urban-industrial sector develop. When firms are forward looking, and
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Figure 3. Dynamics of Capital Stock when investment is based on present vaiue
& of future stream of returns.
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2a. Case of Imaginary roots around K
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3b. Case of real rools around K

1. Iniroduction

The recent titerature on endogenous growth and deveiopment has sought to explatn sustained
disparities of income levels and growth rates across COunries. The principal mechanism whereby
these models generate large and sustained divergences across countries is the existence of
externalities. Several types of externalities have been posited. Romer {1986) emphasizes spilfovers
across firms of knowledge acquired in the process of investment m physical capital that lead, in the
aggregate, 10 ncreasing returns to capital accumulanon, Lucas (1988} discusses external effects of
skill levels on she production process i aa industry. Azariadis and Drazen {1950) stress aggregate
increasing reruens to scale 1 the accumuolation of human capial. Murphy, Shieifer and Vishny
(1989) highlight the role of aggregate demand spillovers in affecung the development of an
\ndustrial sector. In this paper we identify an alternative mechanism based on the nteraction of
\nvestment with unemployment, whereby sustained divergences 1N OULCOmeSs £an OcCur.

We present a model of economic development of an economy comprised of an agricuitural-
urat sector and an urban-ndustrial sector. Economic development s identified with a successful
and sustainable accumuianon of physical capial in the wrban-industrial sector. There are two
elements of the mechamsm that creaie a channel for poteanialiy divergent long-run outcomes. The
firsz element of the mechanism is that unemployment evolves nenamonotonically during the sectoral
reallocation process. In out model, mn Lhe initial s1ages of urban-industrial sector expansion
unempioyment rises. After 2 eritical stage of urban-ndustmrat sector development, further
expansion s accompanied by declines in upemployment, A mcrease i the urban-tndustrial capital
stock leads to an expansion of empioyment, decreasiig unemployment. However, as in the model
of Harns and Todaro (1970), expanded job opportuaities in the urban-industrial sector, by raising
expected incomes, encourage migration from the rural-agricultural sector, mcreasing
unemployment. Unempioyment could, therefore, rise or fall with urban-industrial sector expansion

depending on the relative strengths of the two affects. We find that at low levels of wrban-1ndustrial
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Figure 1. Unemployment and the Urban Capital Stock.

Unemployment
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UK

Urban Sector Capital Stock, K

be dimimshing. We show that wher firms 1n the urban-1ndustrial sector behave myopically, and
investment s detersined entirely by current rates of return, there exists, 1n general, a criticat
threshold level of the urban capsal stock. As jong as the capital stock falls short of this level, the
economy will be trapped in an equilibrivm where the urban-mdustrial sector does not develop.
Only if the wmitial capstal stack somehow—shrough policy actiens, n\ﬁmmﬁ grants, exogenous shocks,
or historical accident—exceeds this critical threshold level will the urban-1ndustnial sector develop.
When firms are forward looking, and investment is determined by the present value of the stream
of future returns on capital, the set of potential dynamic paths of the economy are richer and more
complex. In particutar, there are four regions of initial conditions that imply alternative dynamic
paths. The two extreme cases encountered with myopic investment continue to represent possible
outcomes. There s a threshold fevel of the capital stock betow which there 15 no viable path of
wrhan-industrial sector development. Thus the presence of forward looking firms does not elirmnate
the "devetopment trap”. Similarly, there 15 2 region defined by a sufficientiy high level of capsal,
such that there 15 a unique, convergent, equilibrium path slong which the urban-industrial sector
will develop. Berween these two exireme regions, there afe Iwo reglons of indeterminacy. In these
regions, the same nitial eondition on the capital stock is consistent sintaneously with a
muitipticity of equilibrium paths by which the urban-industrial sector ean deveiop and with a
multiplicity of equilibrium paths by which the nascent urban-industrial sector can disappear. As m
the models of Krugman (1991) and Matsuyama (1991), expectations can play a critical rofe 1
determining the long-run outcome.

The paper 1 structured as follows. Section II presents a two sector mode! of sectora
realtocanon and exammes the 1nteraction of investment with uzemployment. Sectson ITI discusses
the potentiai role of policies 1n affectng the deveiopment of the usban-indusirial sector, Section IV

contamns some concluding remarks,
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Termynat Conditions

The characterssuc eguation of the matrix [J] around Kis

PERRPTT MWVQH%R%V =0 . (AT)

and so the unstable root, say Xy, s

i

Uy o of 20N 282U
A, Nn {x") +Am@imﬁ% mﬂv (AS)

It is straightforward to note that A is greater than £ On any expiosive path, that 1s when X, and
g, tend to infinigy, the rate at which they eventually do so equals the value of the unstable root.
Since the unstable root exceeds the discount rate it 1s strmghtforward to note that an explosive path
vioiates the transversality condition.

Consider now an implasive path 1n figure 3. For coacreteness, consider a path that lies a
little below QO in figure 3a such that the trajectory hits the horzontal axis and g equals zero for a
finite capial stock. At this point equation (19) is violated. Since the capital stock 15 positive, the
present value of the stream of future margmal producis must be positive. Similarly, consider a path
that hits the vertical axis below the K = { locus. At this pownt the capuai stock 15 zero while g 15
positive. Since g 15 less than 1 there are 1o incentives to accumulate camtal. The capinal siock
will, therefore, vemam at zero. It follows that the present value of the future stream of margnal
products cannot be positive without vielaung equauon (19).
Present value of the firm

When K = K, mvestment equals zerc, and the present value of the firm 15

Ve = .:OWQN. k) - ﬁw.mﬁ.,_wﬁxnn.c& s (AD)
)

Q, = BAL)F Dep<1, (1

where (;, denotes output the rurai sector--sector 1; PW denotes the (share of the) labor force
employed in the rural sector; H is a constant; and the fixed factor, land, has been suppressed from
the notation.

Labor 1n the rural sector 15 free to seek employment in the urban sector. In equilibrum,
therefore, the wage 1n the rural sector, which equals the marginal product of labor n the sector,

must equal the expected income from leaving the sector, that 15

- 1
B = SIBB + (1-8)W,) @

where §; denotes the probability that a worker ieaving the rural sector becomes unemployed;
{1-5,) represents the probability that he obtains employment 1w the urban sector; B denotes the
exogenous ievel of unemployment benefits paid by the government to the urban unemployed; Wq
denotes the real wage 1n the urban sector; and P denotes the internationally grven refative price of
the rural sector’s good to the urban sector's good, which s assumed 1o be the numeraire,

Equation {2) mmplies that for any given value of 5, an mcrease in the leve! of unempioyment
benefits or wages in the urban sector will, by increasing the expected income of labor leaviag the
rural sector, lower employment in the rural sector. Similarly, a decline in md. will create an qutfiow

from the rural sector and lower employment.2/

Worker effort in the urban sector 1s endogenousiy determined by an efficiency-wage

mechanism. Following Pheips (1992) and Chadha et al. (1993), we assume that worker effort 15 an

3/ Assumting—as will be evident below is always the case-that wages m the urban sector always
axceed the level of unemployment benefits.
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Appendix 1
This appendix establishes the shape of the UK curve defined by equation (9) m the text,

Differentiating equation (5}

w, & X
ﬁlﬁwwﬁ&.mr_.vaw (AL}
50, T @,

The dencminator is atways positive.  Differentiating equation (4}, the numerator in {Ab) s

(1« L) ~e— i (3L,J3K) (A2)

5 (W, - B) - P(L - LY(-F” @)}
_ 2 1 1t w P Tm:ﬁ_.n:vu d

where F"(L,) denotes the second derivative of the rural sector product:on function. Since the
terms outside the square brackets are all positive, the sign of this expression will be determined by
the s1gn of the expression i square brackets, so that

dU,

si b e _ _bg
ign omrﬁg Sign of ﬁﬂuﬁ.c P:w"-uw

_CPO-LYBA-B
@, y*

{(A3)

the difference of two positive terms.

Note severat features of the expression m (A3). First, as Lj, becomes small, the absolute
vaiue of the second term increases and the expression must, at some value of ﬁ?. become negative.
In fact, as L}, approaches zero the expression approaches negative mfimty. Since Ly 153
decreasing function of K, it follows that as K increases, the slope of the UK curve eventually
becomes negative, Second, for small values of K the farger the size of the rural sector, and the
smaller the unempioyment rate, the more likely 1t & that the expression 1t (A3) will be positive.
Note that when Ly is large the second term is small. In fact as L, approaches unity the second

terms approaches zern. The magmnude of the first term depends alse on the level of unemployment.

corresponds to standard models of the Philiips curve. Here, however, the effect resuits from the
assumption that an increase 1 the aggregate ynemployment rate raises each worker's effort at the
existing wage. This alfows the firm to lower the wage offered and still obtamn the same effost level
from workers.

The profit-maximizing tevel of employment 1 the urban sector can he expressed as &

function of the wage, and substiuung 10 equation (4), s

s

FW EwW, - B, U)K,
-l o) | 2 1K Lwwy. U, K, 1= LM, K,)

(5)

m.guu._ I~z

Urban employment 15, therefore, an wcreasing fuaction of unempioyment and the urban capnal
stock. The former effect results from the fact that an increase 1n unemployment depresses wages,
leading to a higher profit-maxuzing level of employment at any given capital stock,

Eguilibnum Unemployment

To keep the analysis tractable we assume, in the tragition of Harris and Todaro (1970) that
the urban sector randomiy selects the desired number of workers from the poc! of workers who are
not employed in the rural sector. 5/ The probabilicy that & worker who leaves the rurai sector

is empioved in the urban sector 1§ defined by

mzmulﬁmul. (6)

5/ An aiternauve approach 15 to allow for job tenure and define the probability of an unemployed
worker obtaining & job in the urban sector as developed in the *flows" approach 1o labor markets
as, for example, presented in Blanchard and Diamond (1952). Ualike the flows approach where
employment 1s & predetermined vanable, under our assumptions, empioyment can be adjusted
discretely. However, it can be shown that along an equilibrium path, 1.e. where the urban capital
stock adjusts smeothly, our approach 15 consistent with the flows approach. See Chadha etal
{1993}
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which yields a solution for the equilibrium level of unempioyment as 8 function of the urban sector
capital stock.

How does unemployment evolve with increases i the urban capial stock? Note that the left
hand side of eguatien {9) is an increasing fuaction of unemployment. It 15, however, an ambiguous
function of the urban capital stock. On the one hand, an mcrease 1 the urban capital stock creates
jobs i the urban sector, reducing unemployment. On the other hand expanded job opportunities 10
the urban sector create an outflow of labor from the rural sector, mcreasing uaemployment.
Unempioyment 15, 1 general, therefore, an ambiguous function of the urban capual stock.
Appendix t shows that if the initial condition of the economy prior 10 the development of an urban
sector is characterized by a lacge share of employment i the rurai sector and low unemptoyment,
then eguation {9), referred to hereafier as the UK curve, will be hump-shaped. If the rural sector 15
viewed as primarily a subssstence sector which can, in principle, support the entire iabor force,
albert at a relatively jow wage, then this appears to be a reasonable initial condition and this & the
case we focus on in the remander of the paper. Figure i plots such a hump-shaped UK curve with
unempioyment rising as the urban sector capital stock increages and eventually declining as the
capHal stock continues to mcrease. It 1s straightforward te note from equation (9) that with

increases in K along UK, while unemployment behaves nonmonotomeally, the rural sector declines
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place the economy onto a path where wrban-mdustriai devetopment is seif-sustatming. In the
absence of external grants, the task for policy 1n placng iton a self-gustarmng path of urban-
industrial development 18 a formidable one. If policy succeeded in shrinking the deveiopment trap
region such that the economy could brezk out of this region, 1t would find itseif in a region of
indeterminacy. While self-sustaining development would then become possibie, 1t wouid not
necessarily occur. Policy would then need to enginesr a coordination of private sector expectations
onto an optimistic path.

There are two sets of policy actions that can shrink the development wap regon. The first
set of policy actions operates on the labor market. By mncreasmg unempioyment, depressing wages
and increasing the return to caprat, policy can merease the set of initial conditions which lead to
successful development of the urban-sndustrial sector. A fundamental dilemma of labor market
policies in the present context is created by the fact that mcreases in unemployment, though costly
to the economy, are necessary for successful development of the urban-industrial sector, The
second set of policy actions are those that directly 1mpact the returns from accumuiating capital,
such as & capital subsidy.

Both policies that create unemployment and those that subsidize caputal in the urban-mdusmal
sector entail budgetary costs. A bafanced-budget policy intended to break the economy out of the
development trap region would require taxing the rural-agricuiural sector to pay for unempioyment
benefits and/or capital subsidies to the urban-industrial sector. Tecnnical parameters will determune
whether a balanced budget path exasts such that the economy can break out of the development trap
regron. If a balanced-budget path does not exist, policies to break out of tis reglon wili require
deficut financing. If there are constraints on the ability of the government to borrow, or other
concerns which constrain the magmitude of the deficits it car run, then such constrainis may

preciude policies to break out of the development trap region.

S11-

The marginal product of capital is, i eguilibriem, therefore, an increasing function of
unemployment. Higher unempioyment lowers wages 11 the urban sector. For a given capital stock,
lower wages 1mply a higher level of employment. Increased empioyment, in furn, increases the
marginal productivity of capital. Equation {{2) implies that in equilibrium the marginal preduct of
capital for any dividual firm, and hence for the economy tn the aggregate, will qualitatively
murror the UK curve i figure 1. At low levels of urban capitai, as unemployment f1ses with
imcreases in the capnal stock, the marginal product of capital wilt rise. The economy, therefore,
exhibits increasing veturns to capital in this region.  Once the urban capital stock exceeds the level
corresponding 10 the peak unempioyment rate in figure 1, Increases in the urban capnal swock lower
unemployment, and the marginal product of capital will diminisk. The relationship between the
marginal product of capital, unemployment, and the level of capital can be summarnzed as

Q

!u 5
= - 0OUED :

(1

where 11 15 used 1o denote the hump-shaped behavior of unempioyment as a function of the capual
stoek.

We tum sow 1o an examinanion of the dynamics of the capital stock. We first discuss an ad-
hoc model where mvestment is determined by the current rate of remurn on capital. We then
examine the dynamc behavior of the economy when 1mvestment decisions are based on the entire
furure stream of returns to capual,

Investment based on curvent rates of serurn

It 15 assumed that for a small open economy net mvestment at home 1s an increasing function
of the discrepancy berween the actual rate of return 10 capital, r,, and the exogenously given rate of

* . - . o
return, fy, 1N the mternationat capital market
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mitgration to the urban sector, }8/ and increases unemployment. In terms of figure 3, an ncrease

1 unempioyment rasses the return to capatal at each capiial stock and implies from equation (19)
that tite § = 0 locus will shifi up. The K = 0 locus 15 unchanged and K falls while K rises. These
changes are depicted in figure 4 which 15 drawn for an 1nitial configuration of the economy geven
by figure 3b,

What are the implicatsons for the four regions? Consider the original path ABSP prior to the
decline m P. For the range of capital stocks spanned by the segment BSP, the margmal product of
capital is higher as a consequence of the decline i P. At the new steady state the marginal product
is unchanged, Therefore, q, the present value of the future marginal products of capital must be
higher for each capual stock spanned by the segment BSP, and the segment BSP must shift up. The
forces of motion of the sysiem then imply that the new path must mtersect the unchanged K = 0
locus at a pomt 1o the feft of B such as B'(and the new q = 0 locus at a pomt such as A'19/.

The development trap region, therefore, shrinks.

Consider now the oniginat ray OO. Following the mncrease in the relative price of the urban
sector’s good, the margmal product of capital is higher at each capital stock 10 the region 0 o K'.

g must, therefore, be higher. It follows that the pount of intersection of the new iocus, 007, with
the unchanged K = 0 iocus, at a point such as N, must occur at a lower capiai stock than

previously. The region of indeterminacy thus shifts to the left.20/

18/ See equauon {2).

15/ The fact shat even though the margmal product of captal is higher at each capital stock but a
portien of the segment A'B’ lies beiow the origmal path results from the fact that on the new path
the capstal stock dectines by more. In this region. that 18 10 the left of the peak m the @ = 0 locus,
the marginal product of capital declines with decreases in the capital stoek. Therefore, g can be
iower. :

20/ We are rot asserung that the entire ray OO shifts to the left. Oniy the portion below the K

= 0 locus. What happens above the K = 0 locus depends on whether the OO ray ever crosses
aver the capital stock corresponding to the peak unemployment rate.

- 13-

Starting from any initial capital stock, the economy wiil converge to K at which posnt the remurn on
caprat equals the world real interest rate.

In panet 3c of figure 3 the K = 0 focus mtersects the UK curve twice, K agam represents a
stable long run equifibrium. However, the economy will only natarally attain this fong-run
equilibraum if the mitial capial stock exceeds K. If the mutial capual stock lies below K the
economy will decumulate capual until the urban capital stock falls to zerc. Note fusther that as
capnal is decumulated in this region, the rewrn on capiat falls, so that capual decumitlation
remforces 1self. The capital stock K corresponds 1o popular notons of “bottlenecks” in that it
represents a threshold level of capital. As long as the tevel of capstal falls short of this jevel the
urban (industrial} sector will not develop. Were the iitial endowment of capitai somehow rassed
above K the economy would naturally traverse along the UK curve m a self-sustuning manner and
converge 1o the high capitai equilibrium. The role of policy m eagneering such an outcome 15
discussed in the next section.

Among the three cases depicted in figure 2, figures 2a and 2b should really be viewed as
specil cases of figure Zc. Were the economy characterized by figures 22 or 2b, a shock such as &
change 1 the world real interest rate or a change n the terms of trade could easily result in a re-
charactenization of the economy as m figure 2¢. This 1s, therefore, the case we focus on in the next
subsection where mvestment 15 deterrmned by the present value of the future stream of returns on
capttal.

Invesiment based on present value of future returns

To focus on the question of immediate mnterest we assume that firms in the urbaa secor own

thesr capual stock and finance imvestment through retaned earmungs. It 15 further assumed that
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The simultaneous existence of equilibriom paths that converge to a zero urban capial stock
with paths that converge 0 a positive captal stock, K, imply that there 1s an mdeterminacy as to
which iong-run equilibrum the economy will converge to. If expectations were somehow
coordinated along an opumistic path such as the spiral emanating at A, capital would be
accusmnsiated, the urban sector would develep and the economy would converge 1a the fong run o
K. If expectations were uniformly pessimistic as oa the ray OO, the economy would decumulate
capittai and the urban sector would eventually disappear. Appendix 2 shows that the present value
of the firm at a steady state level of K, 15 just K, and exceeds the present value of a firm
at the origin, which 15 zero. Firms are, therefore, better off at K than at the ongmn, Even though
firms are better off at K, there is nothing in the system to ensure that the economy will pick an
ixitial condition for g such that K is azamed. In this region expectations are the key to deterrning
the long-run equilibrivm. 16/

Region IHl in figure 3a can be considered a special case of region Il Rather than 2
multiplicity of paths that piace the economy oa SP, however, there 15 now a umgue path that would
place the economy eventually on SP. A notable feature of this equilibrium trajectory 15 that in the
early stages of this region g is nsing—aloag E3 in figure 3a--so that mvestment rmust be
acceleraung. The ray OO conunues to represent an equilibrium path that canniot be ruled out.

Finally, if the initial capntal stock lies in region IV, then the saddle path, SP, represenis the
enigue convergent equilibrium path.  All other paths can be ruled out that they will evenmally
violate either the transversality condition or the arbitrage reation for . The optumal path 18,
therefore, the saddle path and for any capital stock the economy will traverse the saddlepath

converging to K in the long run.

16/ The modeis developed by Matsuyuma (1991}, Krugman (1991} and Velasco (1992) display
sumilar regions where the long-run outcome 15, 1% principle, indeterminate.

-« 15 -

capital. In addition to equations {18) and {19), for a maamum, the transversality condition must
hold, that is
Ww Kgqoexp{-t'yy = 0 (20)

To characterize the phase diagram i the (K, q) plane, note from equation (18) that the
K = 0 locus 15 2 horizontal line at g = 1. For vaiues of ¢ sbove |, the capital stock s increasing
and vice versa for values of g below . Equation (19) shows that the g = 0 locus will be hump-
shaped because the marginal preduct of capital is an increasiag function of unemployment and
unemployment is a hump-shaped function of the capital stock. For values of g above the ¢ = 0
locus, q is increasing and vice versa for vaiues of g below the Jocus.

There are agai three configurations of the phase diagram that correspond closely to the three
cases presented im figure 2. First, the K = 0 locus could lie above the ¢ = 0 locus for all values
of K. Second, the two loct could intersect uniquely. Finally, the foci could intersect twice. For
reasons noted earlier, the first twa cases can be thought of as spectal cases of the third
canfiguration, We, therefore, focus on the third case which s depicied in figure 3. The capual
stocks corresponding to the twe sieady states defined by the mtersections oftheqg =0andK =0
loct are denoted ¥ and K.

Appendix 2 establishes that arcund the steady state corresponding to K the dynamical system
has either two positive roots or two 1maginary roots with positive real parts, so that the system is
locaily unstable. Around the steady state corresponding to K, the dynamical system has one stable

root and one unstable root, so that m this vicimty the system is saddlepath stable.12/ We now

12/ Given the exastence of multiple steady states 1t would, of course, be ideal to carry out &
global anaiysis of the dynamical system. As is well known, however, global anatysis 1s not a
straightforward matter. See Matsuyama (1391).
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