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Abstract

We construct a two sector dynamic general equilibrium model to study the

sectoral allocation of public infrastructure investments in the agriculture and

manufacturing sectors in India. In addition to the changing employment and

output shares of these two sectors, the capital output ratio in agriculture in India

has fallen while it has risen in manufacturing. To match these observations we

construct a model that deviates from the usual Cobb-Douglas assumption in

technologies and allows for a CES production function. We conduct several

policy experiments on the fraction of GDP allocated to public infrastructure

investment and on its sectoral allocation across agriculture and manufacturing.

While the model is able to explain the pattern of structural transformation in

India qualitatively, we �nd that the ability of the model to match the data

depends crucially on the income elasticities for the two goods generated by the

underlying utility functions.
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1 Introduction

This paper studies the e�ects of public infrastructure investment in an unbalanced
growing economy that is undergoing fundamental changes in the structure of produc-
tion and employment. There is a large literature on how the process of development
is characterized by fundamental changes in the structure of production and employ-
ment. In advanced capitalist economies for instance, the magnitude of structural
change is impressive. For instance, Madison (1987) �nds that, in 1870, the employ-
ment share in agriculture amounted to 50% in the US, to 67.5% in Japan, and 49.2%
in France. In 1984, employment shares in agriculture fell to 3.3% in the US, 8.9% in
Japan, and 7.6% in France. During the same period employment share in the service
sector increased from 25.6% to 68.7% in the US, from 18.7% to 56.3% in Japan, and
from 23% to 60.4% in France.

While there is a large literature that studies how structural change and growth
are related in the development process (see for example Caselli and Colman (2001),
Glomm (1992), Gollin, Parente and Rogerson (2002), Laitner (2000), Lucas (2004))
there has been relatively little work focusing on India in particular and similar de-
veloping countries in general. In the context of the developing process, India stands
out for several reasons. First, India's service sector has grown rapidly in the last
three decades, constituting 51% of GDP in 2006 (Banga, 2005). This large size of
the service sector growth in India is comparable to the size of the service sector in
developed economies where services often provide more than 60% of total output and
an even larger share of employment. Since many components of services (such as
�nancial services, business services, hotels and restaurants) are income related and
increase only after a certain stage of development, it is the fact that India's service
sector is very large relative to its level development that is puzzling. In general, there
are relatively few explanations in the literature for the rise of in India's service sector.
Moreover little is known on the e�ect of particular explicit sectoral policies and how
they a�ect structural change. Some examples include Casella (2005) and Suedekum
(2005).

Second, the entire decline in the share of agriculture in GDP in the last two decades
has been picked up by the service sector with manufacturing sector's share almost
remaining the same. In general, such a trend is experienced by high-income countries
and not by developing countries such as India. In developing countries the typical
pattern is for the manufacturing sector to replace the agricultural sector at �rst. Only
at higher levels of aggregate income does the service sector play an increasingly large
role. In addition, in spite of the rising share of services in GDP and trade, there has
not been a corresponding rise in the share of services in total employment.

Third, unlike the case of aggregate data where capital-output ratios are often
constant over time, the sectoral capital-output ratios in India exhibit large changes
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over time (see Verma (2008)). This is illustrated in Table 1. While agriculture's
capital-output ratio has fallen from 3.3 to 1.2 between 1970-2000, the manufacturing
sector's capital-output ratio has risen steadily from 0.6 to 4.2, and the service sector
capital-output ratio has fallen from 11 to 2. India's overall capital-output ratio has
fallen from 2.83 in 1970 to 2.63 in 2000 thus exhibiting a relatively small decline over
time. The sectoral observation is clearly inconsistent with a standard neo-classical
model with a Cobb-Douglas technology. This would predict constant capital-output
ratios along a balanced growth path in the aggregate economy. One possible reason
for increasing capital-output ratios in India's manufacturing sector is the role played
by sector speci�c policies and other institutional features. For instance, a bulk of
the capital in the manufacturing sector is owned by the public sector, which makes
it immobile (see Marathe, 1986). Also, if there are restrictive labour laws, private
and public �rms cannot �re their employees, and so ine�cient labour continues to be
employed (see Bhattacharjea, 2006). This may reduce output and potentially induce
the capital-output ratio to increase over time. As in the manufacturing sector, public
policies in agriculture may be crucial to understanding why employment shares have
exhibited a relatively small decline. Because of the minimum prices support system,
agriculture prices stay high. This would keep employment in agriculture and prevent
movement to other sectors. However, higher prices would also induce farmers to
raise agriculture production, which would in turn tend to reduce prices, suggesting
important general equilibrium e�ects. As Table 1 indicates, both the service and
agriculture share of employment hardly move over the 1970-2000 period.

There is a large literature by now studying the e�ects of infrastructure investment
on economic growth. Usually these types of analyses are carried out in a one sec-
tor growth model with an aggregate production function, often of the Cobb-Douglas
kind. Examples in this school of literature include Barro (1990), Turnovsky and Fis-
cher (1995) Turnovsky (1996), Glomm and Ravikumar (1994, 1997), Eicher (2000),
Agenor and Morena-Dodson (2006), Agenor (2008), Ott and Turnnovsky(2006), An-
gelopoulus, Economides and Kammas (2007) and many others. There are many
empirical studies to go along with the above theoretical investigations. Examples of
such empirical papers include papers by Barro (1990), Ai and Cassou (1995), Holtz-
Eakin (1994), and Lynde and Richmond(1992). The subset of these empirical papers
which use time series analysis with aggregate data often �nd large growth e�ects,
while cross section or panel data studies reveal very small and often negligible e�ects.

There is a much smaller literature that analyses the e�ects of infrastructure invest-
ment in economies undergoing structural changes such as large shifts or productive
activity across from agriculture to manufacturing and then to services. Examples
include Arcalean, Glomm, and Schiopu (2007), Carrera, Freire-Seren, and Manzano
(2008), de la Fuente, Vives, Dolado and Faini (1995), Carminal (2004), and Ott and
Soretz (2010).
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In this paper we address the following question: What is the e�ect of the alloca-
tion of infrastructure investment on economic growth in a dynamic general equilib-
rium model where one sector, say agriculture, shrinks over time, and another sector,
manufacturing or services, rises over time. The model we employ for our purposes is
an overlapping generations model where all individuals live for two periods. There
are two sectors in the model. We refer to these sectors as "agriculture" and "man-
ufacturing", although this identi�cation is not strictly necessary. We just need two
sectors whose output and employment shares in the total economy rise and fall and
whose capital-output ratios are not constant over relatively long time horizons. In
order to be able to match these observations at least qualitatively we deviate from
the typical assumption of Cobb-Douglas production functions in both sectors , by
allowing one production technology, the technology in the "manufacturing" sector to
be of the CES variety. Initially, we assume that the utility function of all individuals
is of the semi-linear variety so that the income elasticity for the agricultural good,
food, is small. In the later part of the paper check the robustness of our results by
allowing Stone-Geary type utility functions. In each production technology the stock
of public infrastructure is a productive input. We assume perfect mobility of both
private factors of production, labor and capital, between the two sectors.

The economy of India has undergone substantial structural changes with large
shifts of resources across the three sectors, agriculture, manufacturing and services
and with very large changes in the capital-output ratios in the three sectors. These
structural shifts are documented in Verma (2008). We thus calibrate the model to
India. We use the calibrated version of the model to conduct policy experiments on
the sectoral allocation of public infrastructure investment.

2 The benchmark model without public infrastruc-

ture capital

2.1 The set-up

The economy is populated by a large number of individuals in an overlapping gener-
ations set up. Each individual lives for two periods, works when young and is retired
when old. In order to simplify the analysis, consumption only takes place in the
second period of life. There is no population growth and within each generation all
individuals are identical ex-ante.

There are two production sectors in this model, agriculture and manufacturing.
For now, we abstract from the third important factor services. We will incorporate
a third sector into the model in the future. For now we will work with a two sector
model and we will call these two sectors "agriculture" and "manufacturing", even
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though there are just two sectors which di�er in their production technology more
precisely in the elasticity of substitution between capital and labor. In agriculture
the production function is given by

Ya,t = AaK
α
a,tL

1−α
a,t , (2.1)

where Ya,t denotes agricultural output, Am,t represents total factor productivity,
and Km,t and Lm,t are physical capital and labor input in agriculture. In manufac-
turing, the production function is given by

Ym,t = Am((1− θ)Kρ
m,t + θLρm,t)

1/ρ, ρ ≤ 1, (2.2)

where Ym,t, Am, Km,t, Lm,t are, agricultural output, total factor productivity, cap-
ital and labor input. We allow for the elasticity of substitution between capital and
labor to be di�erent from unity so that we can account for the non-balanced growth
feature of the Indian economy.

Throughout this paper we assume that there are competitive factor markets, im-
plying that labor and private capital are paid their respective value marginal products.
We also assume that both factors are freely mobile across the two sectors so that the
marginal products and factor payments across the sectors are equated.

It is widely observed that income elasticity for food, the agricultural good, are
small and often close to zero. This is true even in poor economies. In order to
capture this low income elasticity we posit the following utility function.

u(cm,t+1, ca,t+1) = cm,t+1 + φlnca,t+1, φ > 0, (2.3)

where cm,t+1 and ca,t+1 denote the amount of the manufacturing good and of the
agricultural good. This kind of similar utility functions have been employed in growth
models by Glomm (1992), Lucas (2004), and others to model the benchmark case of
a zero income elasticity of the demand for food.

Towards the end of the paper we will conduct robustness checks on the particular
assumption of semi-linear utility by allowing for Stone-Geary type utility functions.
Recall that all consumption takes place only in the second period of life. This all �rst
period income is saved. This assumption eases exposition but does not in�uence any
of our major results.

2.2 Solving the model

A household employed in agriculture solves the following problem:
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max
cm,ca

cm,t+1 + φlnca,t+1,

s.t. cm,t+1 + pt+1ca,t+1 = ptwa,t(1 + rt+1) ≡ Ia,t
(2.4)

where wa,t is the real wage in terms of the agricultural good, pt is the price of the
agricultural good relative to the manufacturing good and rt+1 is the real interest rate.

It is easy to obtain demand from a household in the agricultural sector for the
two goods as

cam,t+1 = ptwa,t(1 + rt+1)− φ (2.5)

caa,t+1 =
φ

pt+1

(2.6)

Of course the problem faced by a household in the manufacturing sector is anal-
ogous and the demand from the household is

cmm,t+1 = wm,t(1 + rt+1)− φ (2.7)

ca,t+1 =
φ

pt+1

(2.8)

Pro�t maximizing �rms hire inputs to so that the value of the marginal products
equal factor prices. Setting the marginal product for labor in agriculture equal to the
real wage we obtain:

wa,t = (1− α)AaKα
a,tL

−α
a,t (2.9)

In manufacturing this condition becomes

wm,t = θ
ym,t
Lm,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

(2.10)

The equivalent conditions for capital become

qa,t = αAaK
α−1
a,t L

1−α
a,t (2.11)

qm,t = (1− θ) ym,t
Km,t

[
(1− θ) + θ

(Lm,t
Km,t

)ρ]−1

(2.12)

Since both factors of production are freely mobile between sectors, marginal prod-
ucts and factor prices are equalized. Thus we obtain the following conditions.
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pt(1− α)AaKα
a,tL

−α
a,t = θ

ym,t
Lm,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

(2.13)

and

ptαAaK
α−1
a,t L

1−α
a,t = (1− θ) ym,t

Km,t

[
(1− θ) + θ

(Lm,t
Km,t

)ρ]−1

(2.14)

Equations (2.13) and (2.14) determine the allocation of inputs across the two
sectors and this allocation in turn determines sectoral output. This is a purely static
problem. The dynamics enter purely through the savings decision. Since households
value consumption only when old all income is saved and turned into capital. We
thus have

Kt+1 = La,tsa,t + Lm,tsm,t

= La,tptwa,t + Lm,twm,t
(2.15)

If we divide Equation (2.13) by Equation (2.14), we will get:

Ka,t

La,t
=

αθ

(1− α)(1− θ)
(Km,t

Lm,t

)(1−ρ)
(2.16)

Notice that αθ
(1−α)(1−θ) < 1 if (α+ θ) < 1. Since α is capital's share in agricultural

production and θ is related to capital's share in manufacturing, the condition that
(α + θ) < 1 seems reasonable.

Market clearing condition for the agricultural good is:

La,t−1
φ

pt
+ Lm,t−1

φ

pt
= AaK

α
a,tL

1−α
a,t , (2.17)

which determines the relative agricultural price:

pt =
φ

AaKα
a,tL

1−α
a,t

. (2.18)

The wage in agriculture is given by Equation (2.9), so that we can obtain:

La,tptwa,t = φ(1− α) (2.19)

The capital accumulation is governed by:

Kt+1 = φ(1− α) + θAm((1− θ)Kρ
m,t + θLρm,t)

1
ρ
−1Lρm,t (2.20)
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Notice that an increase in labor income wa,tla,t in agriculture is exactly o�set by a
decrease in the relative price pt so that investment in capital originating in agriculture
is independent of income, i.e., the stage of development of the economy.

We simulate the model for reasonable parameter values, which can be found in
Table 2. We use two benchmark models in our simulations. These benchmark models
di�er basically in the level of total factor productivity in the two sectors and in the
marginal productivity of labor in the manufacturing CES technology. In benchmark
one and two, we change parameter ρ, which captures the intra-temporal elasticity of
substitution between capital and labor. In this set of experiments there are di�er-
ences in the level of total factor productivity between manufacturing and agriculture,
but the growth rates of these total factor productivities are zero. The results of al-
lowing ρ to vary from -2 to 0.6 are illustrated in Figures 1- 8. It is apparent that
as ρ increases from -2 to 0.6, i.e. the elasticity of substitution increases, the follow-
ing results obtain: (i) In both benchmark one and two, capital in both agricultural
and manufacturing sectors is accumulated. The labor allocation in manufacturing
increases over time while the labor allocation in agriculture declines. (ii) As ρ in-
creases, the rate at which capital in agriculture accumulates declines in benchmark
one but increases in benchmark two. (iii) As ρ increases, employment in agriculture
declines at a lower rate and employment in manufacturing rises at a lower rate. (iv) In
all of these experiments the capital-output ratios in both sectors are increasing over
time. Varying the elasticity of substitution can thus not account for the observed
changes in sectoral composition and the rising/declining capital-output ratio in man-
ufacturing/agriculture. (v) The relative price of the agricultural good rises over time
in the �rst benchmark case where the manufacturing TFP exceeds the agricultural
TFP. In the second benchmark case where TFP in agriculture is larger than that in
manufacturing, the agricultural price declines over time.

The above results (i) through (iii) on the dependency of the sectoral allocation
of capital and labor over time all depend on the degree of complementarity between
capital and labor and the particular utility function. Given the utility function that
generates zero income elasticity for the demand for food, as capital accumulates and
incomes grow, resources are shifted systematically out of agriculture into manufactur-
ing. The relative rates rate at which labor and capital are pulled out of agriculture
will of course depend upon the degree of complementarity/subsitutabilty of the two
factors of production.

We are interested in matching employment shares, GDP shares and capital-output
ratios to the real data. In Figures 9 and 10, we impose no productivity growth in
both sectors while �xing ρ at 0.6. Even though we are able to match the observed
decreasing agricultural employment share and increasing agricultural GDP share, the
observed capital-output ratios are not matched.
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3 The benchmark model with sectoral infrastructure

policies

3.1 Solving the model with infrastructure

In this section we consider the e�ects of a policy that (i) invests in infrastructure
projects in both sectors and (ii) raises taxes from labor income in the manufacturing
(urban) sector only. In this case we make a slight modi�cation of the two production
functions. Following Barro (1990) and many others we write the two production
functions as

Aa,tG
ψa
a,tK

α
a,tL

1−α
a,t (3.1)

Am,tG
ψm
m,t

[
(1− θ)Kρ

m,t + θLρm,t
]1/ρ

, (3.2)

where Ga,t and Gm,t are the stocks of infrastructure in the two sectors. We assume
that in both production functions there are constant returns to scale in the two private
factors of production so that their factor payments exhaust output. For reasonable
estimates of ψa and ψm it will typically be the case that there are decreasing returns
to scale in the augmentable factors so that the growth rate will converge to zero. We
assume 100% depreciation. Investment in infrastructure is �nanced by a tax on labor
income in the manufacturing sector only.

The government budget constraint can be written as

Ga,t +Gm,t = τwm,tLm,t (3.3)

Letting δa denote the fraction of government revenue which is allocated to agri-
cultural infrastructure. We can write

Ga,t = δaτwm,tLm,t (3.4)

Gm,t = (1− δa)τwm,tLm,t (3.5)

With these modi�cations equations (2.13) and (2.14) become

pt(1− α)AaGψa
a,t

(Ka,t

La,t

)α
= θ

ym,t
Lm,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

(3.6)

and

ptαAaG
ψa
a,t

(Ka,t

La,t

)α−1

= (1− θ) ym,t
Km,t

[
(1− θ) + θ

(Lm,t
Km,t

)ρ]−1

(3.7)
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Using the government budget constraint and equating the wage rate to the marginal
product in manufacturing yields

Ga,t = δaτθAmG
ψm
m,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

, (3.8)

Gm,t = (1− δa)τθAmGψm
m,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

, (3.9)

and, as before the equilibrium law of motion for physical capital is determined by
aggregate savings. The only di�erence between equations (2.20) and (3.10) is that
the latter re�ects the income tax rate in the urban sector.

Kt+1 = φ(1− α) + (1− τ)θAmGψm
m,t((1− θ)K

ρ
m,t + θLρm,t)

1
ρ
−1Lρm,t (3.10)

Market clearing condition for agricultural goods:

la,t−1c
a
a,t + lm,t−1c

a
a,t = AaK

α
a,tL

1−α
a,t G

ψa
a,t (3.11)

Therefore, we can get the relative price of agricultural goods in unit of manufac-
turing goods:

pt =
φ

Ya,t
(3.12)

We relax the assumption of no productivity growth and allow both agricultural
and manufacturing sectors to grow at the same annual rate of 2%. The simulation
result is shown in Figure 11, where we broadly match the employment patterns in
both sectors, the shares of both sectors as a fraction of GDP, and the capital-output
ratios in both sectors.

We are now ready to study the e�ects of �scal policy. In particular we consider
two �scal policy reforms. First: Holding the fraction of the total investment going
to one sector �xed we change the tax rate and study the e�ects of this policy on the
economic transition paths. In the next two sets of experiments we vary the �scal
policy parameters. First, we study the e�ect on the transitions of an increase in the
tax rate holding constant the allocation of the tax revenue between the two sectors.
The results illustrated in Figures 12 through 16 indicate the following results: (i)
The shares of labor allocated to the two sectors is remarkably robust to changes in
the overall tax rate from 0.1 to 0.5. This �ve-fold increase in the tax rate generates
a negligible change in these employment shares over the entire 30 period trajectory.
(ii) As the tax rate is increased the agricultural share of GDP drops faster, although
quantitatively this e�ect as rather small. In period 30 the agricultural share of GDP
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drops from 0.48 when the tax rate is 0.1 to 0.45 when the tax rate is 0.5. 3. The
most pronounced change brought about by an increase in the tax rate is the drop in
the agricultural capital/output ration from about 0.55 in period 30 to 0.40 as the tax
rate is increased from 0.1 to 0.5.

In the next experiment we keep the tax rate constant at 0.3 and we vary δa,
the fraction of government revenue allocated to rural infrastructure investment. This
share we raise from 0.1 to 0.9. The results of this experiment are illustrated in Figures
17 through 21. We would expect that the agricultural employment and GDP share rise
as agricultural infrastructure investment relative to manufacturing investment rises.
This expectation is not born out by these experiments. As agricultural infrastructure
investment rises, the agricultural supply shifts to the right, but as preferences are
semi-linear, the income elasticity for agricultural goods is zero. This preference e�ect
causes the infrastructure investment e�ect on labors share of income employed in
agriculture to be negligible. The same is true for agriculture's share of GDP. Finally
as the share of government revenue invested in the agricultural technology rises the
capital-output ratio in agriculture falls. This is to be expected as the infrastructure
input rises relative to physical capital.

After studying how changes in the tax rate and in the infrastructure allocation
in�uence the dynamic transition path we now study the cross section implications of
such changes in �scal policy. Typically such cross-sections implications are computed
in the steady state. In our model, in order to match the data in Table 1, we imposed
di�erential exogenous growth of total factor productivity in the two sectors. This dif-
ferential TFP growth together with the semi-linear utility function persistently pulls
labor and capital out of the agricultural sector so that agricultural labor allocation
declines persistently. We therefore arbitrarily use period 5 in the model to check the
cross sectional implications of �scal policy reforms. The results of these experiments
are illustrated in Figure 24 and Figure 25. It is apparent from these �gures that the
e�ect of �scal policy reforms, changes in the tax rate and in the sectoral allocation,
on GDP comes entirely from the manufacturing sector. The reason is simple: All
supply side e�ects from increased infrastructure in agriculture are completely undone
by the zero income elasticity for food induced by the semi-linear utility function.

4 Stone-Geary utility functions with infrastructure

The previous analysis has relied exclusively on semi-linear utility functions. With
di�erential TFP growth in the two sectors this type of utility function allowed the
model to qualitatively match the Verma (2008) observations on agriculture and man-
ufacturing. However the zero income elasticity on food demand implications of this
utility function are very stark and we therefore relax this particular assumption in
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this section. The utility functions we use are:

Ut = ln[cm,t+1 + µ] + φln[ca,t+1 − γ] (4.1)

The households in agricultural sector then solve the problem:

max ln[cm,t+1 + µ] + φln[ca,t+1 − γ]
s.t.cm,t+1 + pt+1ca,t+1 = (1− τa)ptwa,t

(4.2)

First order condition:

pt+1

(1− τa)ptwa,t − pt+1ca,t+1 +mu
=

φ

ca,t+1 − γ
(4.3)

Consumption of households working in agricultural sector:

caa,t+1 =
φ

(1 + φ)pt+1

[(1− τapa,twa,t + µ] +
1

1 + φ
γ

cam,t+1 =
1

1 + φ
(1− τa)ptwa,t −

φ

1 + φ
µ− pt+1

1 + φ
γ

(4.4)

The households in manufacturing sector solve the problem:

max ln[cm,t+1 + µ] + φln[ca,t+1 − γ]
s.t.cm,t+1 + pt+1ca,t+1 = (1− τm)wm,t

(4.5)

Solving for the optimal consumption of people working in manufacture yields:

cma,t+1 =
φ

(1 + φ)pt+1

[(1− τmwm,t + µ] +
1

1 + φ
γ

cmm,t+1 =
1

1 + φ
(1− τm)wm,t −

φ

1 + φ
µ− pt+1

1 + φ
γ

(4.6)

Factor prices remain the same as in (2.9, 2.10, 2.11, 2.12) and the market clearing
condition for the agricultural goods are:

La,t−1c
a
a,t + Lm,t−1c

m
a,t = Ya,t (4.7)

Using (1− τa)ptwa,t = (1− τm)wm,t, we have

φ

pt
(1− τa)pt−1wa,t−1 +

φ

pt
µ+ γ = (1 + φ)Ya,t (4.8)
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Market clearing condition for manufacturing good:

(1− τa)pt−1wa,t−1

pt
− φµ

pt
− γ =

(1 + φ)Ym,t
pt

(4.9)

The production function with infrastructure and the government budget constraint
carry over from the previous analysis (see equations (3.1,3.2,3.3, 3.4, 3.5) and the non-
arbitrage conditions are as before.

(1− τa)pt(1− α)AaGψa
a,t

(Ka,t

La,t

)α
= (1− τm)θ

ym,t
Lm,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

(4.10)

and

(1− τa)ptαAaGψa
a,t

(Ka,t

La,t

)α−1

= (1− τm)(1− θ)
ym,t
Km,t

[
(1− θ) + θ

(Lm,t
Km,t

)ρ]−1

(4.11)

Using the government budget constraint and equating the wage rate to the marginal
product in manufacturing yields:

Ga,t = δaτθAmG
ψm
m,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

, (4.12)

Gm,t = (1− δa)τθAmGψm
m,t

[
(1− θ)

(Km,t

Lm,t

)ρ
+ θ
]−1

, (4.13)

Thus the law of motion for physical capital becomes:

Kt = La,t−1(1− τa)pt−1wa,t−1 + Lm,t−1(1− τm)wm,t−1

= L(1− τm)wm,t−1

(4.14)

In the case of the Stone-Geary utility functions, we perform similar policy analysis
as in the case of the semi-linear utility functions. We explore the cross section policy
implications of changing the policy variables and calculate how the equilibrium values
in the �fth period adjust to policy changes. These results are illustrated in Figures
27 and 28. As the tax rates is raised, output in manufacturing rises but output in
agriculture falls. The overall e�ect of increasing the tax rate on overall GDP is posi-
tive in the range of tax rates considered, despite the resulting decline in agriculture.
Following our intuition, increasing the share of public infrastructure investment going
to manufacturing increases manufacturing output and decreases agricultural output.
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5 Conclusion

We have constructed a dynamic general equilibrium model that is at least qualitatively
consistent with the sectoral growth observations for India. The model is not able to
match the changing capital-output ratios even in the presence of CES production
technologies, unless productive infrastructure capital is introduced. In that model
we introduced publicly provided infrastructure which can be allocated to enhance
productivity either in manufacturing or in agriculture. We show that the impact of
changing the public provision of infrastructure across the two sectors depends crucially
on the relative income elasticities for the two goods implied by the underlying utility
function.

There are many other policies and distortions that could be studied in this frame-
work. Examples include explicit subsidies to the farm sector or various labor market
distortions, especially in the manufacturing sector. We leave the analysis of such
distortions to future research.

14



References

[1] Agénor, P.R., 2008, "Fiscal Policy and Endogenous Growth with Public Infras-
tructure," Oxford Economic Papers, 60:57-87.

[2] Agénor, P.R., and Moreno-Dodson, B., 2006, "Public Infrastructure and
Growth: New Channels and Policy Implications," World Bank Policy Research
Working Paper No. 4064. http : //ssrn.com/abstract = 943921

[3] Ai, C., and Cassou, S.P., 1995, "A Normative Analysis of Public Capital,"
Applied Economics, 27:1201-1209.

[4] Angelopoulos, K., Economides, G., and Kammas, P., 2007, "Tax-Spending Poli-
cies and Economic Growth: Theoretical Predictions and Evidence from the
OECD," European Journal of Political Economy, 23:885-902.

[5] Arcalean, C., Glomm, G., and Schiopu, I., 2009, "Growth E�ects of Spa-
tial Redistribution Policies," CAEPR Working Paper No. 2007-002. http :
//ssrn.com/abstract = 960475

[6] Aschauer, D.A., 1989, "Is Public Expenditure Productive?" Journal of Mone-
tary Economics, 23:177-200.

[7] Banga, R., 2005, "Critical Issues in India's Service-Led Growth," Indian Council
for Research, Working Paper No. 171. http : //www.icrier.org/pdf/WP171.pdf

[8] Barro, R.J., 1991, "Economic Growth in a Cross Section of Countries," The
Quarterly Journal of Economics, 106:407-443.

[9] Barro, R.J., 1990, "Government Spending in a Simple Model of Endogenous
Growth," Journal of Political Economy, 98:S103-S125.

[10] Bhattacharjea, A., 2006, "Labour Market Regulation and Industrial Perfor-
mance in India: A Critical Review of the Empirical Evidence," Indian Journal
of Labour Economics, 39:211-232.

[11] Caminal, R., 2004, "Personal Redistribution and the Regional Allocation of
Public Investment," Regional Science and Urban Economics, 34:55-69.

[12] Carrera, J.A., Freire-Seren, M.J., and Manzano, B., 2000, "Macroeconomic Ef-
fects of the Regional Allocation of Public Capital Formation," Regional Science
and Urban Economics, 39:563-574.

15



[13] Casella, A., 2005, "Redistribution Policy: A European Model," Journal of Pub-
lic Economics, 89:1305-1331.

[14] Caselli, F., and Coleman, W.J., 2001, "The U.S. Structural Transformation
and Regional Convergence: A Reinterpretation," Journal of Political Economy,
109:584-616.

[15] de la Fuente, A., Vives, X., Dolado, J.J., and Faini, R., 1995, "Infrastructure
and Education as Instruments of Regional Policy: Evidence from Spain," Eco-
nomic Policy, 10:11-51.

[16] Eicher, T.S., 2000, "Scale, Congestion and Growth," Economica, 67:325-346.

[17] Fisher, W.H., and Turnovsky, S.J., 1998, "Public Investment, Congestion, and
Private Capital Accumulation," The Economic Journal, 108:399-413.

[18] Glomm, G., and Ravikumar, B., 1997 "Productive Government Expenditures
and Long-Run Growth," Journal of Economic Dynamics and Control, 21:183-
204.

[19] Glomm, G., and Ravikumar, B., 1994, "Public Investment in Infrastructure in
a Simple Growth Model," Journal of Economic Dynamics and Control, 18:1173-
1187.

[20] Glomm, G., 1992, "A Model of Growth and Migration," Canadian Journal of
Economics, 25:901-922.

[21] Gollin, D., Parente, S., and Rogerson, R., 2002, "The Role of Agriculture in
Development," American Economic Review, 92:160-164.

[22] Holtz-Eakin, D., 1994, "Public-Sector Capital and the Productivity Puzzle,"
Review of Economics and Statistics, 76:12-21.

[23] Laitner, John, 2000, "Structural Change and Economic Growth," Review of
Economic Studies, 67: 545-561.

[24] Lucas, R.E.J., 2004, "Life Earnings and Rural-Urban Migration," Journal of
Political Economy, 112:29-59.

[25] Lynde, C., and Richmond, J., 1992, "The Role of Public Capital in Production,"
Review of Economics and Statistics, 74:37-44.

[26] Maddison, A., 1982, Phases of Capitalist Development, Oxford: Oxford Uni-
versity Press.

16



[27] Marathe, S.S., 1986, Regulation and Development: India's Policy Experience
of Controls Over Industry, Sage Publications: New Delhi.

[28] Ott, I., and Soretz, S., 2010, "Productive Public Input, Integration and Ag-
glomeration," Regional Science and Urban Economics, 40:538-549.

[29] Ott, I., and Turnovsky, S.J., 2006, "Excludable and Non-excludable Public
Inputs: Consequences for Economic Growth," Economica, 73:725-748.

[30] Suedekum, J., 2005, "the Pitfalls of Regional Education Policy," FinanzArchiv:
Public Finance Analysis, 61:327-352.

[31] Turnovsky, S., 1996, "Optimal Tax, Debt, and Expenditure Policies in a Grow-
ing Economy," Journal of Public Economics, 60:21-44.

[32] Turnovsky, S., and Fischer, W., 1995 "The Composition of Government Ex-
penditure and Its Consequences for Macroeconomic Performance," Journal of
Economic Dynamics and Control, 19:747-786.

[33] Verma, R., 2008, "Productivity Driven Services Led Growth," Working Paper.
http : //ssrn.com/abstract = 1287225

17



Table 1: Data
Agriculture Manufacturing Services
1970 2000 1970 2000 1970 2000

Employment Shares(a) 77% 62% 12% 19% 12% 20%
GDP Shares 48% 25% 23% 27% 29% 48%
K/Y Ratios 3.3 0.85 0.6 4.33 11 1.82
Gross Capital Formation 18% 9% 33% 30% 49% 61%

Source: Verma(2008)
(a): the employment share data are for 1970 and 1997.
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Table 2: Calibration Values
De�nition model 1 model 2 model 3

Utility function Semilinear Semilinear Stone-Gary
TFP growth no yes yes
taxation no tax manuf tax both

Aa initial TFP in agriculture 2 2 2
Am initial TFP in manufacturing 1 1 1
ga raw growth rate of agri TFP (20 years) - 1.2 1.2
gm raw growth rate of manuf TFP (20 years) - 1.05 1.05
α income share of K in agri 0.33 0.33 0.33
θ income share of L in manuf 0.75 0.75 0.75
ρ power parameter in CES in manuf 0.6 0.6 0.6
φ parameter in consumption func 5.0 5.0 0.5
ψa power param of G in agri prod. - 0.1 0.1
ψm power param of G in manuf prod. - 0.1 0.1
δa gov funding share for agri - 0.2 0.2
τa tax rate of agricultural income - - 0.3
τm tax rate of manufacturing income - 0.3 0.3
µa subsistent consumption of agri goods - 0.3 0.3
µm subsistent consumption of manu goods - 0.3 0.3
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Figure 1: Benchmark 1 (1): no taxes, no productivity growth
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Figure 2: Benchmark 1 (2): no taxes, no productivity growth
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Figure 3: Benchmark 1 (3): no taxes, no productivity growth
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Figure 4: Benchmark 1 (4): no taxes, no productivity growth
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Figure 5: Benchmark 2 (1): no taxes, no productivity growth
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Figure 6: Benchmark 2 (2): no taxes, no productivity growth
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Figure 7: Benchmark 2 (3): no taxes, no productivity growth
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Figure 8: Benchmark 2 (4): no taxes, no productivity growth
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Figure 9: Benchmark 1 (5): no taxes, no productivity growth
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Figure 10: Benchmark 2 (5): no taxes, no productivity growth
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Figure 11: Experiment 1: Manufacturing taxes, same productivity growth
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Figure 12: Experiment 2 (1): Varying Manufacturing taxes, di�erent productivity
growth
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Figure 13: Experiment 2 (2): Varying Manufacturing taxes, di�erent productivity
growth
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Figure 14: Experiment 2 (3): Varying Manufacturing taxes, di�erent productivity
growth
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Figure 15: Experiment 2 (4): Varying Manufacturing taxes, di�erent productivity
growth
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Figure 16: Experiment 2 (5): Varying Manufacturing taxes, di�erent productivity
growth
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Figure 17: Experiment 3 (1): Varying redistribution, di�erent productivity growth
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Figure 18: Experiment 3 (2): Varying redistribution, di�erent productivity growth
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Figure 19: Experiment 3 (3): Varying redistribution, di�erent productivity growth
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Figure 20: Experiment 3 (4): Varying redistribution, di�erent productivity growth
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Figure 21: Experiment 3 (5): Varying redistribution, di�erent productivity growth
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Figure 22: Model 1- Semi-linear utility function
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Figure 23: Model 2 - Semi-linear utility function with infrastructure
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Figure 24: Model 2- Semi-linear utility with infrastructure, changing tax rates
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Figure 25: Model 2-Semi-linear utility with infrastructure, changing δ
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Figure 26: Model 3 - Stone-Gary utility with infrastructure
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Figure 27: Model 3-Stone-Gary utility with infrastructure, changing tax rate
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Figure 28: Model 3-Stone-Gary utility with infrastructure, changing delta
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