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Abstract

Barriers to investment are often regarded as an important determinant of the
variation in international income levels. Nevertheless, in the standard neoclassical
growth model, these barriers have only have small effects on per capita incomes.
We consider the effects of barriers to accumulation in a two-sector neoclassical
model that also exhibits barriers to labor mobility. Numerical simulation show
that barriers to accumulation have a magnified effect in this model. The results
imply that if labor markets are not efficient, then barriers to accumulation may be
an important determinant of a country’s income level. Moreover, we show that the
removal of these barriers can produce several decades of rapid growth, reminiscent
of economic growth miracles.
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1 Introduction

Can the presence of barriers to capital accumulation account for the enormous dispari-

ties in international per capita incomes across countries? A number of papers following

Mankiw, Romer and Weil (1992) find that differences in capital-output ratios do account

for the variance in international income levels. Nevertheless Prescott (1998) and Par-

ente and Prescott (2000) use calibrated neoclassical growth models to show that only

productivity based explanations for income differences are consistent with both observed

international income differences and data on broad macroeconomic aggregates.

In this paper we consider whether the relatively modest effects of barriers to accumulation

on income levels predicted by a standard neoclassical growth model, might be magnified

in an economy where factor allocation is inefficient. This question is motivated by the

observation that traditional and modern production techniques often co-exist within in

developing economies, and that the use of traditional production methods can be encour-

aged by policy and institutional barriers to entry into the formal sector of the economy.

We find that the presence of this type of barrier substantially magnifies the impact of

barriers to accumulation on income levels. This is because the removal of barriers to

accumulation is associated with net productivity gains as labor is re-allocated to the

capital intensive sector, where it has a higher marginal product. Moreover we show the

removal of barriers to capital accumulation can result in a burst of growth that lasts

over 20 years, and which can quantitatively account for the accelerated growth rates of

growth miracle economies. We conclude that policies that liberalize capital markets and

decrease the cost of investment, may be critical in generating productivity growth. This

mechanism is likely to be important for developing economies, where institutional barriers

in factor markets are prevalent and traditional production methods are widespread.

The paper is organized as follows. Section 2 briefly describes the relevant background
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issues and reviews some of the existing literature on differences in income levels. In

Section 3 we describe a simple two-sector neoclassical model, which features a traditional

land intensive technology and a modern capital intensive technology. The model also

allows for barriers to capital accumulation, and barriers to efficient resource allocation.

We then conduct numerical simulations to determine the potential long run impact of the

removal of these barriers through policy reforms, and these are described in Section 4.

In Section 5 we then consider the implications of these experiments for short to medium

term growth rates, by explicitly solving the transition paths for the economy. Section 6

then reviews the results and concludes.

2 Background and Related Literature

There exists a substantial body of recent literature on the effects of barriers and policy

distortions on income levels and patterns of growth. One view expressed in this litera-

ture is that differences in capital per worker are an important source of the disparities

in international income levels, Mankiw et al. (1992), Barro and Sala-i Martin (1995),

Mankiw (1995), and Chari, Kehoe and McGrattan (1996). Likewise Jones (1994) and

Restuccia and Urrutia (2001) have emphasized the importance of barriers to capital ac-

cumulation as a source of low income levels. This literature also shows that the effects of

capital deepening tend to understate observed income disparities, unless a broad notion

of capital is used, including intangible capital or human capital.

The alternative view is that differences in output per person across countries is mainly

due to differences in total factor productivity (TFP). Thus Prescott (1998) finds that dif-

ferences in investment rates across countries are not large enough to explain the variation

in income levels.1

1See also Hall and Jones (1999) and Parente and Prescott (2000) As pointed out by Caselli (2003),
however, it is difficult to evaluate the importance of each approach because both rely on the presence of
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The approach adopted in this paper is to quantify the interaction between structural

change and productivity growth in an economy where factors are not allocated efficiently.

Following the approach of Parente and Prescott (2000), Restuccia and Urrutia (2001),

and Gollin, Parente and Rogerson (2004), we consider the impact of barriers to capital

accumulation. Within this setting, however, we also introducible barriers to labor mo-

bility. Thus in the following model, the marginal product of labor in the modern sector

exceeds the traditional sector, but institutional constraints on labor markets, prevent the

economy specializing in the superior technology.

Our methods follows an extensive recent literature in which multi-sector neoclassical

growth models are used to evaluate aspects of the development process.2 Two papers

which are closely related to the present study are Graham and Temple (2001), and

Restuccia (2004). Restuccia poses the same question as our present study: does a two-

sector model with productivity differences amplify the effect of barriers to accumulation

on income levels? In Restuccia’s model, however, the effects of barriers to capital ac-

cumulation on income levels are identical to a standard one-sector neoclassical model.3

Graham and Temple (2001) use simulation methods to bring some quantitative insight to

the development-trap literature, which focuses on economies of scale and other types of

unobserved inputs, TFP or intangible capital. See also Bosworth and Collins (2003) for a useful survey
of this empirical literature.

2The recent growth literature has tended to abstract from the issues of structural change emphasized
in development economics. Recently however, a number of studies have used multi-sector neoclassical
models to explore different aspects of growth, such as: the timing of industrialization, Hansen and
Prescott (2002), Gollin (2002a), Ngai (2003); the behavior of savings rates, Laitner (2000), regional
convergence, Caselli and Coleman (2001); Japan’s growth performance; Hayashi and Prescott (2003),
urban-rural migration Lucas (2004), and the pattern of growth rates over time, Echevarria (1997),
Robertson (1999).This recent literature owes an intellectual debt to models of technological dualism,
which were developed by Nelson (1954), Eckaus (1955), and Lewis (1954). The literature on dual
economies more generally is vast, but seminal contributions include (Jorgenson (1961), Ranis and Fei
(1961), Schultz (1964), Dixit (1968), Harris and Todaro (1970), Ohkawa and Rosovsky (1973) and Fields
(1975). A recent related literature aims to quantify the effects structural change using cross regressions.
These include Dowrick and Gemmell (1991), Landon-Lane and Robertson (2003), Chanda and Dalgaard
(2003) and Temple and Woßmann (2004). The present study can be seen as exploring the quantitative
implications of these econometric results through numerical simulations.

3See Landon-Lane and Robertson (2004) for a discussion of this point.
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externalities, as a source of differences in income levels across countries.4 Our approach

differs fundamentally from theirs in that we aim address the debate over the empirical

applicability of the neo-classical model. Thus we aim to quantify the extent to which

such models might account for differences in international income levels, without recourse

to non-convex or linear technologies.5

This paper is also related to Parente, Rogerson and Wright (2000) and Gollin et al. (2004)

who consider simulation results of policy distortions in multi-sector neoclassical models

that feature home production. Parente et al. (2000) show that barriers to capital accu-

mulation can cause high levels of home production, which is mis-measured. Thus, in their

model, differences in international income levels partly reflect differences in measurement

of output across countries. Gollin et al. (2004) use a similar model to investigate whether

home production can explain differences in measured productivity levels between agri-

culture and industry, where home productivity is more prevalent in the former. Thus our

present paper complements these two studies in that we abstract from home production

in order to focus on the effects of incorporating barriers to factor mobility between sectors

and the possibility that labor reallocation may generate aggregate productivity gains.

3 The Model

We consider a neo-classical growth model with one capital good. The economy consists

of two types of agent, households and firms. A representative household owns three

factors, capital, Kt, labor, Nt and a fixed factor, Vt. Firms are assumed to be com-

4Examples of this literature are Ciccone and Matsuyama (1996) and Rodrik (1996).
5Several other studies are complementary to the present paper. Restuccia, Yang and Zhu (2004)

also look at the effect of barriers to accumulation in a two-sector model. Their focus however is quite
different in that they explore policy distortions that raise the price of intermediate inputs in Agriculture.
In addition they assume fairly special case where the production technology in non-agriculture is linear.
Likewise Chanda and Dalgaard (2003) also discuss a model which has some similar features to ours,
however they do attempt to quantify the structural equations of their model.
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petitive price takers. They maximize profits in each period, taking the factor prices,

{wa,t, wm,t, rt, qt}, as given.

Within this setting we assume two technologies exist, modern and traditional. Both

technologies can be used to produce a single homogenous good. The output of either

sector can be used for consumption, Ct, or spending on investment, Xt. There are no scale

effects and the long run growth rates is exogenous. Likewise there are no externalities,

so that markets are efficient. Nevertheless we allow for two policy distortions, so that in

general, the equilibrium we describe in the model is not socially optimal. As discussed

below, these policy distortions affect the steady state capital stock per effective worker

and the allocation of labor between the two sectors.

3.1 Technology

We denote output of modern sector firms as Ym and output of traditional sector firms as

Ya. Both techniques require capital and labor, but traditional production also requires

inputs of the fixed factor, as in Hansen and Prescott (2002). The production functions

for each sector are,

Ym, t = Km, t
β (B̃t Nm, t)

1−β
, (1)

Ya, t = Ka, t
α (ÃtNa t)

λ
V (1−α−λ). (2)

Modern sector labor productivity is B̃t, and grows exogenously at rate B̃t+1/B̃t = γ,

where γ > 1. Traditional labor productivity is Ãt and grows at a rate Ãt+1/Ãt = η.

3.2 Barriers

An important literature has recently emerged on the effects of distortions on growth

rates, much of which is motivated by the descriptive accounts of De Soto (1989). In
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particular Parente and Prescott (2000) show that these types of institutional constraints

and discretionary polices can have a profound effects on per capita income levels, by

reducing total factor productivity levels. They also argue that these distortions may

affect steady state capital output ratios by distorting the relative price of investment.

Nevertheless Parente and Prescott (2000) find that in the standard neoclassical growth

model, the observed differences in international income levels cannot be explained by

differences in per-capita output levels alone.

As discussed above, this conclusion stands in contrast to studies such as Mankiw et al.

(1992), and Chari, Kehoe and McGratten (1997). Likewise the potential role of this type

of distortion has been emphasized by Easterly (1993), Jones (1994) Restuccia and Urrutia

(2001), who find that many developing countries have substantially higher relative prices

for investment goods, compared to developed economies. In the present study, therefore,

we consider whether these apparent barriers to capital might not be of greater importance

in determining income levels, if they are combined with distortions in factor markets.

Specifically we consider the effect of barriers to accumulation on income levels in an

economy where access to the formal or non-traditional sector of the economy is rationed.

According to De Soto (1989) labor market barriers are an important contributing factor

to the existence of large informal sectors. He finds that excessive regulation, employment

restrictions and a high tax burden and corruption that raise the costs of establishing

and running firms in the modern sector. Evidence for rationing of primary sector jobs in

developing economies, is also provided by Basch and Paredes-Molina (1996), Teal (1996),

Ruiz De Castilla, Woodruff and Marcouiller (1997).6 In particular Söderbom and Teal

(2004) find that high modern sector labor costs, result in higher wages, reduced labor

employment and more capital intensive methods.7 Labor market barriers may, therefore,

6There is also evidence of a relationship between technology capacity of firms and wage levels in
developing economies. This includes Rebitzer and Robinson (1991), Lillard and Hong (1992) and Tan
and Batra (1997). This is consistent with technical explanations such as efficiency wages.

7Models with this type of labor market barrier have also recently been explored by Loayza (1996),
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take the form of rent extraction by bureaucrats or rent sharing by labor unions. They

may be supported by high degree of corruption as well as union wage regulations, and

regulatory restrictions on both hiring and job termination, such as severance payments,

that also serve to restrict firms employment of labor in the modern sector.

The modeling of these barriers is standard. In incorporating barriers to capital accu-

mulation we follow Parente and Prescott (1994), Gollin et al. (2004) and Parente et al.

(2000), and assume that real investment is given by Xt/π, where Xt is nominal invest-

ment spending and π is a parameter that represents the efficiency of investment spending.

Thus a higher value of π represents a higher levels of barriers so and investment spending

is inefficient.

Likewise we characterize barriers to entry in the modern sector by assuming a wedge

exists between the marginal product of labor in the modern sector and the traditional

sector. Specifically we assume institutional barriers create a wage premium µ ≥ 0, which

is paid by modern sector firms.

3.3 Household Behavior

An infinitely lived household chooses an optimal consumption path given its factor income

receipts. Thus it chooses a sequence of consumption values, ct to maximize utility. The

household’s utility function is,

Ut =

∞∑

t=0

θt Nt u(ct), (3)

and Satre (2000). These models stress the correspondence between the level of informal sector activity
and the level of corruption. Also related is the literature on rent seeking and bureaucracy, Murphy,
Shleifer and Vishny (1993), Shleifer and Vishny (1993), and Keefer and Knack (1995) who find evidence
of a negative relationship between growth and corruption in cross-country data.
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where u(c) = c1−(1/σ)/(1− (1/σ)), σ 6= 1, and u(c) = ln(c), σ = 1, N is the total number

of workers.

The household’s current consumption and investment decisions affects their their wealth.

Hence

Kt+1 − Kt = Xt/π − δ Kt, (4)

where π is a measure of barriers to accumulation, as discussed above, and Xt/π is real

investment. It can be shown that (4) gives rise to the following representative household

budget constraint.

kt+1 − kt =
wa,t na,t + wm,t nm,t + (rt + δ)kt + qt vt − ct

(1 + φ) π
−

(φ + δ) kt

(1 + φ) π
, (5)

where: nm,t and na,t are the relative stocks of labor employed in each sector; kt is capital

stock per worker; vt ≡ V/Nt, is the per worker stock of the fixed factor; wm,t and wa,t

are wages earned in each sector; rt is the rate of return in the bond market; δ is the rate

of depreciation on physical capital; r + δ is the rental rate earned on physical capital;

qt is the rental rate of the fixed factor, and; φ is the exogenous growth rate of labor,

φ = Nt+1/Nt.

3.4 Equilibrium

Given initial conditions K0, N0, barriers, π and µ, a competitive equilibrium consists of se-

quences for t ≥ 0 of factor allocations {Km,t, Ka,t, Nm,t, Na,t}, factor prices {rt, wa,t, wm,t},

rents to fixed traditional assets, qt, and consumption decisions ct, such that: (i) house-

hold’s maximize utility subject to (12) taking factor allocations and factor rentals as

given; (ii) firms maximize profits given factor rentals; (iii) firms earn zero profits, and;

(iv) markets clear such that income is equal to expenditure, Yt = Nt ct + Xt, capital and

labor are fully employed, Kt = Km, t + Ka, t, and N = Nm, t + Na, t.
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Profit maximization by firms then implies the following factor market clearing conditions:

β Ym, t/Km, t = α Ya, t/Ka, t = rt + δ; (6)

(1 − α − λ) Ya, t/Na, t = wa,t; (7)

(1 − β) Ym, t/Nm, t = wm,t; (8)

wa,t(1 + µ) = wm,t. (9)

As shown in the appendix, the Household’s optimal consumption path is described by

the following Euler equation,

ct+1/ct = θσ[(rt+1/π + 1 − δ((1 − π)/π)]σ. (10)

3.5 Balanced Growth Path

The existence of a balanced path is not guaranteed without specifying the productivity

growth rates in each sector. A standard result in this class of model is that productivity

in the traditional sector must exceed the growth rate in the modern sector, Caselli and

Coleman (2001), Hansen and Prescott (2002).8 We therefore assume that traditional

productivity grows at rate η = γ1−α)/λ φ1−λ)/λ. Under this assumption the economy has

a balanced growth path equilibrium, as defined in Definition 1.

Definition 1 : A balanced path equilibrium is defined as competitive equilibrium such that

Kt, Km, t, Ka, t, Ya, t, Ym, t, Yt and Ct are all growing at the rate φ γ, and na = Na,t/Nt

and nm = Nm,t/Nt are constant.

8These studies cite evidence that agricultural productivity has risen faster than other sectors. This
assumption is less appealing if we are considering a traditional sector, rather agriculture per se. However
we may think of productivity growth, in this context, as land clearing.
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It follows that on the balanced growth path we have ct+1/ct = γ, and the marginal

product of capital is constant and equal to r∗ + δ. Hence on a balanced path, (10) can

be written as,

(r∗ + δ)/π = γ/θσ − (1 − δ). (11)

This equation shows that on a balanced path there is a directly proportional relationship

between the level of barriers to capital accumulation and the marginal product of capital.

As discussed below, this balanced path constraint can be used to place an upper bound

on the value of π.

4 Steady State Results

In this section we use the preceding two-sector model, with barriers to capital accumula-

tion and employment, to investigate the extent to which these barriers can help explain

the large differences in income levels across countries. To do this we present numerical

results from a a calibrated version of the preceding model.9

4.1 Calibration

First we calibrate the model to fit some stylized facts corresponding to a developing

economy. Thus in the benchmark equilibrium we have a large employment share in the

traditional sector, high level of barriers to capital accumulation π > 1 and barriers to

employment in the modern sector, µ > 0.

Using Penn World Tables data on the relative price of investment, Restuccia and Urrutia

(2001) estimate cross country differences in barriers to capital accumulation. They find

that investment prices differ across countries by a factor of up to ten-fold. It should be

9This method follows the approach of Parente et al. (2000) and Restuccia (2004).
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noted, however, that from (11) in an economy with π = 10, the steady state rental rate

on capital, r + δ would be ten times the level of an economy with π = 1. Thus higher

level of barriers may imply unrealistic differences in the return to capital. In view of this

we assume an initial value of π = 4.10 As suggested, a barrier of π = 4 implies a four-fold

change in the return to capital between the two steady states.

Next consider the employment share of the traditional sector. As a first approximation

this can be inferred from data on agricultural employment shares. According to the

United Nations Food and Agricultural Organization (FAO), in the year 2000 there were

33 countries with agricultural shares of employment exceeding 70%, and is as high as

93% in Bhutan and Rwanda. However our notion of traditional sector is broader than

just agriculture. For instance measures of employment in the urban informal sector are

often greater than 50% of the urban labor force in developing economies, and may be as

high as 70%, International Labour Office (2003). We assume, therefore, that initially the

traditional sector consists of all agricultural employment plus 2/3 of the employment of

non-agriculture. Hence an agricultural employment share of 70% implies an traditional

sector share of 90% of the labor force, na = 0.9.

To quantify the degree of labor market distortion in developing economies, as represented

by the size of µ, we consider evidence from sectoral wage gaps and urban-rural wage differ-

entials. Though there is clear evidence of large nominal wage gaps between informal and

formal sectors, and urban and rural sectors, the evidence on real wage gaps is less clear.

Nevertheless, surveys by Fields (1980), Squire (1981), Hatton and Williamson (1991),

and World Bank (1995), suggest that real wage differences of 30-50 percent, or higher,

are not unrealistic for less developed economies. Likewise individual country studies of

wages in formal and informal sectors often find similar real wage differentials.11 Further

10This value is also chosen as a reference point by Parente et al. (2000) and Restuccia (2004).
11Ruiz De Castilla et al. (1997) find residual real wage gaps of between 12% and 56% in Peru and El

Salvador, and Basch and Paredes-Molina (1996) find gaps of around 50% Chile, and Söderbom and Teal
(2004) report similar numbers for Ghana.
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evidence is given by Temple and Woßmann (2004) who estimate real labor productivity

differences in excess of 100% in cross country data, though find that these have declined

over time.12 In the experiments below therefore we consider the range of values from

µ = 1 to µ = 0. The latter case corresponds to a standard neoclassical model where,

despite the presence of two sectors, the aggregate implication of barriers is identical to

the standard one sector model.

Finally we normalize real GDP per worker in the base case to equal unity. Likewise

the total labor supply is normalized to unity. Thus in the initial benchmark, which

corresponds to the income level of a less developed economy, we have y = c + (x/π) = 1,

where π = 4.0.

The remaining parameters are standard, and all parameter values are reported in Table 1.

Specifically we assume that the capital income share in the modern sector is β = 0.35,

and labor’s share is the same in both sectors 1− β = λ = 0.65. The assumption of equal

shares across sectors is consistent with evidence on labor shares in agricultural and non-

agriculture presented by Gollin (2002a), and is a standard assumption in models with

agricultural and non-agricultural sectors, Gollin et al. (2004), Restuccia (2004). Finally

we choose δ = 0.06 and choose θ such that the market steady state interest rate, when

π = 1, is r∗ = 0.08.

4.2 Quantifying the Long Run Effects of Barriers to Capital

Accumulation.

To quantify the effects of barriers in this economy we resolve the model for counter-

factual values of µ and π, holding the all technical parameters constant, and allowing

the endogenous variables, ct, na,t, ka,t and km,t and yt to adjust to their balanced path

12Similar evidence from cross sectional data is presented by Landon-Lane and Robertson (2003),
though Dowrick and Gemmell (1991) present more modest results.
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Table 1: Calibrated Parameters

Parameter Value Target
γ 1.020 growth of aggregate productivity of 1.02
φ 1.019 growth rate of labor of 1.019
β 0.350 labor income share in modern sector of 0.65
α 0.250 income elasticity of land of 0.1
λ 0.350 labor income share in traditional sector of 0.65
θ 0.944 long run rate of return to capital of 8 percent
δ 0.060 rental price of capital of 14%
B 1.922 normalization of aggregate output to 1
A 1.265 traditional sector employment share, na=0.9

values. For clarity we denote the benchmark values of µ and π as µ and π, and the

counterfactual values as µ̂ and π̂. Thus in the benchmark equilibrium we have µ ≥ 0,

π = 4. As discussed above, in the benchmark the technology parameters are calibrated

so that na = 0.9 and y = 1.

The main experiment we consider is to simulate the effect of a decline in π from π = 4 to

π̂ = 1 and a decline in µ from µ = 1 to µ̂ = 0. This simulates the effect of removing all

barriers. Table 2 reports the results of this experiment, and the first column of Table 2

shows the counterfactual equilibrium level of per capita income when all barriers are

removed, µ̂ = 0 and π̂ = 1.

Table 2: Gains in real GDP from removing all barriers: π̂ = 1, µ̂ = 0

µ y na

0.00 2.45 0.107
0.25 2.99 0.020
0.50 3.51 0.005
0.75 4.00 0.002
1.00 4.47 0.000

First consider the case where there is no barrier to employment in the initial equilibrium,

µ = 0. In this case our two-sector model behaves exactly like the one-sector neoclassical

growth model. Thus the removal of barriers from a level of 4 to 1, raises real GDP per

14



worker by factor of 2.45. While significant, Prescott (1998) argues that values of this

magnitude are quite modest relative to the differences in international income levels.

For example, economic miracle economies have experienced approximately seven-fold

increases in per capita over several decades. Likewise per capita incomes between the

richest and poorest countries, differ by a factor of approximately 30, Parente and Prescott

(2000).

Next we consider the results when µ > 0. It can be seen that the combined effect of

removing barriers increase to 3.5 when µ = 0.5, and increases to 4.5 when µ = 1. Thus

the removal of these barriers can potentially explain a large fraction of the differences in

observed income levels. Specifically the contribution increases from a 2.5-fold difference

in income levels, to a 4.5-fold difference. These values imply that policies aimed at

removing barriers to capital accumulation may be substantially more important than is

suggested by the standard growth model with efficient factor markets.13

To understand the source of this amplified contribution of barriers to capital, it is infor-

mative to decompose this difference in per capita incomes into the resource mis-allocation

effect from barriers in the labor market, and a dynamic effect from barriers to capital

accumulation. Hence we report two additional experiments in Tables 3 and 4. Table 3

reports reports the results of removing labor market barriers only - reducing µ, but hold-

ing π constant at the initial level. Thus the results record the comparative steady state

output change in per capita income and employment. It can be seen that the per capita

income gains range from 1.17 (µ = 0.25) to 1.73 (µ = 1.0).

Table 4 reports the effects of reducing barriers to capital, holding the labor market

13These results are sensitive to the value of the capital share, β in the modern sector. If we include
intangible capital and human capital a more reasonable capital share might be a number close to 2/3.
With these capital shares, a change in π induces much larger increases in GDP per worker. However
Parente and Prescott (2000) argue that these models imply implausibly large changes in intangible capital
and education investment rates. For this reason we focus on the more conventional neoclassical model
with a capital share equal to 0.35. Nevertheless our analysis carries over to the alternative specification.
For example, with a modern sector capital share of β = 2/3, a reduction in π from 2 to 1 results in an
eight-fold increase in GDP per capita in when there is no barrier to a 13 fold increase when µ = 1.
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Table 3: Removing Barriers to Labor Only, (µ̂ = 0, π̂ = π = 4)

µ y na

0.00 1.00 0.900
0.25 1.17 0.169
0.50 1.36 0.043
0.75 1.54 0.014
1.00 1.73 0.005

barriers constant, µ̂ = µ. It is immediately apparent that these output gains are almost

as large as the results in Table 1, so that the removal of the capital barriers alone is

sufficient to realize the amplified output gains. This is because removing barriers to

capital accumulation induces sufficient demand for labor in the modern sector relative

to the traditional sector, to overcome the additional costs of modern sector labor. Hence

once most of the labor is reallocated to the modern sector, the labor market barriers are

largely redundant.

Table 4: Removing Barriers to Accumulation Only, (µ̂ = µ, π̂ = 1)

µ y na

0.00 2.45 0.107
0.25 2.92 0.107
0.50 3.38 0.107
0.75 3.81 0.107
1.00 4.23 0.107

Thus the presence of a labor market barrier multiples the effect of barriers to accumula-

tion, with or without labor market reforms. It can be seen further that this multiplier

is approximately given by the costs of the labor market distortion. That is, the output

gains in from removing labor barriers, in Table 3, are approximately equal to the ratio of

the gains from removing barriers to accumulation in Table 4, relative to the gains when

there are no labor market distortions, of 2.45.14

14For example when µ = 1, the gain in output from removing barriers to accumulation is 4.23. This
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This then is the key insight from the experiments. Barriers to capital accumulation

can have a large effect on labor demand in capital intensive sectors, and the removal of

these barriers can, therefore, induce large labor re-allocation effects. In the presence of

a difference in the marginal product of labor between sectors, however, these changes

in sectoral labor demand also induce aggregate productivity growth. Thus the gains

from removing barriers to accumulation are amplified by the presence of labor market

distortions.

A second aspect of the results is the change in the sectoral distribution of labor. We

note that the decline in barriers to capital accumulation are capable of accounting for

the large changes in the sectoral composition of employment that is observed historically

over the course of development. This structural shift is due to a Rybzcynski effect -

the increase in the aggregate capital labor ratio increases employment of both labor and

capital in the relative capital intensive modern sector, Rybzcynski (1955).15 In particular

the magnitude of the shift does not depend on the presence of labor market barriers.

Hence the results in Table 4 show that a reduction in barriers to accumulation generates

enough growth in modern sector labor demand, to reduce traditional sector employment,

na, from 90% to just 10% of the labor force, irrespective of µ. Thus the simulations

also reproduce the stylized fact that employment in traditional land and labor intensive

methods, decline rapidly as income levels rise.16

however is approximately equal to the gain in output from removing barriers to accumulation when there
are no labor market distortions, 2.45, multiplied by the cost of the labor market distortion, 1.76.

15There remains an issue of robustness. We also consider values of λ > 1−β, such that the traditional
sector has a higher labor income share than the modern sector. In the appendix we report the results
for a range alternative values of labor’s income share, 1 − λ. The land share of income is held constant
at 10% in these experiments. This shows that higher labor shares in the traditional sector will lead to
larger shifts in employment and larger effects on income levels. These effects however can be seen to
differ only marginally from the values presented in Table (2). Hence the value of labor’s income share in
the traditional sector, is not a critical factor in the results. A second issue is that we have only presented
results for the case where π = 4. Detailed tabulations of the results for a large range of values of π are
available from the authors upon request. We do not report these however as they change the results in
a predictable fashion. Likewise we have also compiled results for alternative factor shares. In particular,
as is well known, when the capital share of income becomes large, barriers to capital accumulation have
correspondingly larger effects on income levels.

16Traditional methods may include traditional agriculture, manufacturing and services such as house-
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4.3 Discussion

We have shown that the gains from removing barriers to accumulation maybe substantial

in countries where substantial resource allocation problems exist. This, then, is a po-

tentially important extension to the results of Prescott (1998) and Parente and Prescott

(2000) who consider these effects in models with perfect factor markets. Likewise our

results complement Parente et al. (2000) and Gollin et al. (2004) who show that barriers

to capital may have relatively large consequences for measured income levels and the

number of hours worked.

It is useful to consider briefly how our results compare to more standard models of de-

velopment that emphasize agriculture and industry sectoral differences. In particular

Schultz (1964) argued that the transformation of agriculture is a precondition to suc-

cessful development. Our model has two technologies but only one commodity. Hence

our model is consistent with Shultz’s theory. That is, the reduction in barriers to accu-

mulation generates higher demand for labor in the modern sector which, by definition,

includes modern agricultural production methods. Likewise our results are consistent

with Caselli (2003), who finds that differences in the commodity-sectoral allocation of

labor across countries cannot account for the international variation in income levels, and

that within-commodity-sector productivity differences are large. Nevertheless, whereas

Caselli (2003) concludes that factor accumulation effects are unimportant, our model and

results stress the possibility that barriers to accumulation can affect aggregate produc-

tivity by altering the mix of traditional and modern technologies being used within each

sector.

It may be noted, further, that the differences in output we obtain from these simulations

are much larger than the static welfare costs of resource allocation. For example, Temple

(2003) has recently looked at this issue in the context of the current growth debate,

hold services, street hawking and handicraft production.
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and concluded that wage gaps only have small effects on aggregate productivity. The

difference between his results and the results herein are that: (i) we focus on differences

in total output levels, not productivity levels or welfare gains, and (ii) our results are

obtained in a dynamic model where capital accumulation is endogenous. Hence our

results come from the interaction between the static and dynamic costs of each type of

barrier. Thus the apparently differing results largely reflect the different questions being

posed.

Lastly, an appealing aspect of the results is that they are consistent with the recent

growth accounting literature, such as Young (1995) and Collins and Bosworth (1996).

Young in particular, finds that measured productivity growth rates in the non-agricultural

sector were not particularly high in East Asian Miracle economies. On the other hand

capital accumulation did account for a large share of growth in these countries. In our

model, high levels of productivity growth at the aggregate level can occur, even though

productivity growth within a particular sector may be modest.

5 Transitions and Growth Miracles

In the introduction we claimed that barriers to accumulation may also be important in

understanding growth miracles. In particular, whereas numerous studies have empha-

sized the importance of technology transfer, growth accounting studies of the East Asian

Miracle, such as Young (1995), do not find extraordinarily high rates of productivity

growth in the non-agricultural sector.

The preceding results show that potentially, the removal of barriers to capital accumu-

lation can generate large changes in income, in an economy which exhibits large produc-

tivity disparities between traditional and modern sectors. It is also informative however

to briefly consider the transition paths generated by these changes.
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To generate the time path for the economy after the reforms, we solve the transition paths

from the initial date where the reform is announced, until the new steady state. Solving

the model presents us with a two point boundary value problem, which can be solved

using shooting methods.17 This method finds the initial value of the control variable, ct,

that generates the unique path to the steady state, conditional on the state variable, Kt.

We consider a policy reform that results in the reductions in barriers, which follows the

following policy rule.

π̂t+1 − 1 = ρπ (π̂t − 1), ρπ < 1

where ρπ is chosen such that ln ρπ = (ln(0.5)/hπ), where hπ is the half-life for the reform

process. We then consider various transitional growth paths, for different half-lives.18

The first experiment we consider is the reduction in barriers to accumulation in the

case where µ = 0. Recall that in this case, there is no sectoral marginal productivity

differential, and the model behaves exactly as the one sector neoclassical model. Figure

(1) illustrates the growth rate of real GDP for hπ ∈ {2, 3, 5, 10}. It can be seen that a

short half-life can generate very high growth rates though only for a short period of time.

When the reform process is slower, however, the transitional growth rates are much less

pronounced.

The effect of the labor market distortion can be seen in Figure (2) which compares the

model with and without the distortion with a case where µ is constant and equal to 1. It

can be seen that this generates higher growth rates for a similar period of time. To see how

this compares with the evidence on growth miracles, Figure (3) provides a simple visual

comparison of the predicted growth rates of the model in this case, µ = 1, hπ = 5, with

the actual growth rates for Japan, from The Penn World Tables.19 This shows that the

17This was solved using FORTRAN. The code is available from the authors upon request.
18The model was solved for 150 years. In each case the reform process was truncated so that π reaches

its long run target value, π̂, after 120 years.
19The dual nature of labor markets has featured heavily in many descriptive accounts of the develop-

ment in Japan, for example see Fei, Ohkawa and Ranis (1985) and Hayashi and Prescott (2003).
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model is capable of reproducing generating similar annual growth rates to those of Japan,

of around 7-10%. Moreover, as in the Japanese experience, relatively high growth rates

can sustained several decades. Thus incorporating the labor market distortion provides

some potential for reconciling standard growth models with the observed transitional

growth experiences in rapidly growing economies.

6 Conclusion

Our aim has been to show that if relatively large barriers in factor markets exist, then

the removal of barriers to capital accumulation may have an amplified effect on income

levels. In particular we found that barriers to capital accumulation amplify the economic

costs of labor market distortions. Based on our experiments, the presence of large wage

gaps in developing countries nearly doubles the effect of barriers to capital accumulation

on income levels. In this sense, these types of barriers may well be an important cause of

low income levels in developing economies that have large traditional sectors and large

institutional barriers to labor mobility. Likewise this type of barrier may also account

for a substantial fraction of the differences in international income levels.
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Figure 1: Growth Rates of Real Output due to Policy Reform (µ = 0)
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Figure 2: Effect of µ > 0 on Growth Rates During Policy Reform (hπ = 5)
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Figure 3: Growth Rates in Model Compared to Japanese Post War Growth(hπ = 5)
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7 Appendix

7.1 Sensitivity Tests: Results

Table 5: The Effects of Barriers on Income Levels, y: Alternative Values of Labor’s
Income Share, λ.

µ λ = 0.30 λ = 0.25 λ = 0.20
0.00 2.54 2.64 2.72
0.25 3.11 3.22 3.32
0.50 3.64 3.77 3.89
0.75 4.15 4.29 4.42
1.00 4.64 4.79 4.93

Table 6: The Effects of Barriers on Traditional labor, na: Alternative Values of Labor’s
Income Share, λ.

µ na (λ = 0.30) na (λ = 0.25) na (λ = 0.20)
0.00 0.037 0.013 0.004
0.25 0.006 0.002 0.001
0.50 0.001 0.000 0.000
0.75 0.000 0.000 0.000
1.00 0.000 0.000 0.000

7.2 Derivation of Equation (10)

The budget constraint for the representative household is,

Kt+1 − Kt = [wa,t Na,t + wm,t Nm,t + (rt + δ)Kt + qtV − N ct]/π − δKt. (12)
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To derive the budget constraint for the representative household, we divide the aggregate

budget constraint (12) by the population.

kt+1−kt = (wa,t na,t +wm,t nm,t +rtkt +qtv−ct)/((1+φ) π)−(φ+δ) kt/((1+φ) π) (13)

The household utility maximization problem can be characterized by the following La-

grangian.

max
ct, kt+1

L = N0

∞∑

t=0

β−t (1 + φ)t u(ct)

+ λt [kt+1 − kt − (wa,tna,t + wm,tnm,t + (rt + δ)kt + qtv)/(π (1 + φ))

+ ct/(π (1 + φ)) + kt (φ + δ)/ (1 + φ)]

(14)

The first order conditions for ct and kt+1, are:

N0 βt (1 + φ)t u′(ct+1) + λt+1/(π (1 + φ)) = 0, (15)

and;

λt − λt+1[1 + rt+1/(π (1 + φ)) − (φ + δ)/ (1 + φ)] = 0. (16)

Combining these gives the Euler equation,

u′(ct)/u
′(ct+1) = β[ (rt+1 + δ)/π + 1 − δ]. (17)

With CES preferences, u(c) = c1−(1/σ)/(1 − (1/σ)), σ 6= 1, (17) becomes,

ct+1/ct = βσ[( rt+1 + δ)/π + 1 − δ]σ.
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which is equation (10).
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