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ABSTRACT

‘This thesis collects theoretical and empirical work related ‘to two fields of
rescarch. First, the literature on fiscal policy in endogenous growth models.
Second, the empirics of productivity growth using macro-level applications
of Data Envelopment Analysis.

As for the theoretical part of the rescarch, attention has been paid to
Barro-type models of endogenous growth driven by public investment. The
cndogenous growth model presented in Chapter 3 extends the Barro model
to the case of finite lives. The main innovation is the conclusion that the
assumed demographic structure affects both the level of long-run growth
and the optimal provision rule of public capital.

The empirical part of the research deals with two applications of the
DEA approach to the measurement of productivity growth to the case of
Italian regions over the period 1970-95. Departing from existing literature
on the Italian case, TFP growth is decomposed in technical efficiency change
and technological progress in (l:}rder to study the contribution of public in-
frastructure provision to both of them (section 5.3, Chapter 5). The sccond
empirical contribution (scction 5.4, Chapter 5) reconciles traditional ap-
proaches to the analysis of economic growth determinants and convergence
patterns with the frontier productivity measurement literature. Efficiency
change and technological progress are interpreted as proxies of catching-
up and innovation respectively, in order to test the convergence hypothesis

within Italian regions. It is concluded that Italian regions have diverged at

a decreasing rate.
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1. INTRODUCTION

Original work presented in this thesis is related to two fields of research.
First, the literature on fiscal policy in endogenous growth models. Second,
the empirics of productivity growth using macro-level applications of Data
Envelopment Analysis.

Chapters 2 and 3 collect work within the literature on fiscal policy in
endogenous growth models. Chapter 2 is devoted to review the theory of the
productive role of public capital. The first part of the Chapter focuses on
the relationship between public capital, aggregate output and productivity.
In particular, it is argued that public capital may contribute to aggregate
output ecither as a direct unpaid input or as a productivity enhancing cnvi-
ronmental variable. The second part of the review focuses on endogenous
growth models dealing with public investment. Starting from the well known
model of Barro (1990), recent contributions dealing with endogenous growth
and public investment are grouped and discussed according to their main
departures from the Barro model.

‘The research question under investigation in Chapter 3 is:

e How does the assumption of finite lives affect the Barro rule for the

provision of public capital?

In order to provide an answer, I develop an endogenous growth model where
sustained long-run growth is due to investment in public capital, the gov-
ernment provides lump-sum transfers, public consumption, and investment
subsidies, and consumers have uncertain lifetimes. A flexible framework

capable of analysing the growth cffects of fiscal policy in both infinite and
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finite horizons cases is provided. The Barro rule is extended to the finite
horizons case and it is shown to be dependent of the finite horizon index.
In particular, the growth maximizing income tax rate is lower in the latter
scenario and decreasing in the probability of death parameter. The growth
hampering ecffect of unproductive public spending is depicted in the finite
horizons as well as in the infinite horizons case. Increases in cither public
consumption or lump-sum transfers reduce long-run economic growth less
in the former than in latter case. Furthermore, the relationships relating
the growth maximizing level of public investment and cach of the other cat-
cgories of government expenditure are derived. FFinally, an optimal rule for
investment subsidies provision is analytically derived.

The empirical part of my rescarch focuses on the Italian regions casc
over the period 1970-95 and it is presented in Chapter 5, 1n which I explore

two issues in scctions 9.3 and 5.4, respectively:

e The empirical study of public capital as a productivity enhancing ex-

ternality to regional economics;

e Testing of the catching-up hypothesis across Italian regions, shedding

some insight on the determinants of convergence/divergence patterns.

In Italy, the provision of productive infrastructures has historically been
a policy instrument aimed at reducing the development gap between north-
ern and southern regions. Indeed, since the 1950s government policy has
driven public investment towards the South which, however, is still lacking
in terms of per capita GDP with respect to the regions in the North of the
country. Morcover, despite the huge amount of resources devoted to the
provision of new infrastructure services, the South is still characterized by a
lower endowment of infrastructures, such as transport and communication
nctworks, compared to the North of the country. This is the case of public

works which have cither been completed with strong delay, have not been
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completed at all or have ended up with under-utilized structures because of

a failure to correspond to the actual nceds of a specific area.

Table 1.0.1: Structural Fund Commitments in Objective 1 regions (7% of nominal

values)
Country 1989-93 1994-99
A B H I A B H I
Austria - - - - 15.0 68.7 163 0.0
Belgium - - - -~ 0.0 66.2 172 16.6
France 28.6 159 101 454 9.6 32.7 18.7 39.0
Greece 11.2 184 166 53.8 18.7 13.4 136 543
Ireland 14.7 33.7 264 252 00 354.7 3.9 414
Italy 144 35.0 1.9 488 21.0 21.3 27.0 30.7
Netherlands - - - - 222 204 210 364
Portugal 11.5 6.1 353 472 00 152 8.6 76.1
Spain 267 132 88 3514 0.6 143 7.0 77.6
U.K. 10.5 38.1 209 304 122 250 33.1 29.7
| TO-t-al 5 .21.1 163 450 7.0 240 12.1 56.8

17.6

Source: Rodrigucz-Pose and Fratesi (2003). Notes: A = Support
to agriculture and rural promotion; B = Business and tourism sup-
port; H = Investment in education, re-qualification and all mea-
surcs targeting the human capital of the region; I = Investment in

infrastructure, transport and environment.

A further motivation for this study is the relevance attributed by the
policy maker to infrastructure investment in less developed regions within
the European Union. Table 1.0.1 (from Rodrigucz-Pose and Fratesi, 2003)
gives a measure of such emphasis. In the Table, resources allotted by the

Community Support Framework to Objective 1 Regions during the first two
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pcrio.ds of implementation (1989-93 and 1994-99) arc disaggregated with
respect to their allocation to four priority axes: 1) Support to agriculture and
rural promotion (A); 2) Business and tourism support (B); 3) Investment in
education, re-qualification and all measures targeting the human capital of
the region (H); 4) Investment in infrastructure, transport and environment
(I). The figures clearly show that a consisted share of the resources are
devoted to the implementation of infrastructure projects.

In the light of the emphasis put by the European policy maker on policies
oriented to the improvement of infrastructure endowment in less developed
arcas of the Union, empirical support to the thesis of the productive enhanc-
ing role played by public capital has great policy implications.

Chapter 5 contributes to the debate on the relationship between pub-
lic capital and productivity in the Italian regions (sce scction 5.3). Previ-
ous works on Italy have mainly exploited the production funciion approach
(Picci, 1999), the growth accounting approach (La Ferrara et al., 2000) and
the growth approach (Acconcia and Del Monte, 2000). These recent contri-
butions have enhanced the literature on the topic, allowing for taking into
account heterogeneity across Italian regions by means of pancl data estima-
tion techniques. However, I argue that their conclusions can sufier from an
important shortcoming: they do not take account of the inefficiency issue.
This is due to the implicit assﬁmption that the production process is fully
efficient, which implies that the estimates of average production functions
will be biased in the presence of inefficiency. Furthermore, if such an as-
sumption docs not hold, total factor productivity growth will be identified
with technological progress, while another source of productivity growth —
technical efficiency change — will be neglected (Grosskopf, 1993).

The main novelty of the present contribution rests on the decomposition
of productivity growth into technical efficiency change and technological

progress by implementing a non-parametric frontier approach to the mea-
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surement of productivity. The empirical analysis procceds in two parts. In
the first part, a DEA model is implemented under the two alternative as-
sumptions of two (labour and private capital) and threce (labour, private
and public capital) inputs. A test of the significance of public capital as
an additional input in the DEA model does not support the view of public
capital affecting aggregate output as a direct unpaid factor. In the second
part, an econometric analysis of the linkage between productivity gains and
the provision of public capital is performed with the aim of assessing the
role of public capital as a positive environmental variable. The results show
the positive impact of public capital on both technical efficiency change and
technological progress, especially in the southern regions. In view of these
results, policies aimed at increasing the endowment of infrastructure ser-
vices maintain their relevance despite the fact that public capital is not a
statistically significant direct input in aggregate production.

Most of existing applied work on Italian regions agree on the finding of
conditional convergence: Italian regions tend to converge to different steady
state levels of per capita GDP. A less investigated topic remains the is-
sue of the determinants of such convergence/divergence pattern. Based on
the results obtained in the first part of the Chapter, scction 5.4 is aimed
at reconciling traditional approaches to the analysis of economic growth
determinants and convergence patterns with the frontier productivity mea-
surcment literature. The empirical estimation process is developed in two
steps. The first involves the decomposition of TFP growth on the basis of
considering GDP as output, and capital and labour as the relevant produc-
tive inputs. In the second one, the convergence issuc is analysed by means
of pancl data estimation techniques. Estimated technological progress and
technical efficiency change are interpreted, respectively, as innovation and
catching-up measurements and the catching-up hypothesis is tested for the

Italian regions. The analysis leads to a conclusion that regional economies
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diverge at a decreasing rate.

Chapter 6 reports concluding remarks and some ideas for future research.



2. MODELS OF PUBLIC CAPITAL AND GROWTH: A
LITERATURE REVIEW

2.1 Introduction

This Chapter does not aim at exhaustively reviewing theoretical models
incorporating public investment for productive uses. The aim is rather to
introduce the aspects of the literature most related to the model presented in
Chapter 3. In particular, more emphasis will be placed on the expenditure
side of fiscal policy, although I will deal to some extent also with the problems
rclated to different systems of taxation. On the other hand, the issue of
government deficits will not be covered.

Section 2.2 focuses on the relationship between public capital, aggre-
gate output and productivity. In particular, it is argued that public capital
may contribute to aggregate output cither as a direct unpaid input or as a
productivity enhancing environmental variable.

The overview of the theory on public capital and long-run growth fol-
lows three steps. First, the main features of the neoclassical view on fiscal
policy and growth are introduced in section 2.4. Secction 2.5 deals with
the endogenous growth model developed by Barro in 1990, regarded as the
path-breaking paper in the literature. Some recent works based on Barro
(1990) arec grouped in scction 2.6 according to their main departures from
the original model. In particular, subscction 2.6.1 reviews models extending
Barro (1990) on the production side, with particular focus on the works by
Futagami et al. (1993) and Barro and Sala-i-Martin (1992, 1999). Subscc-

tion 2.6.2 deals with extensions to the Barro model interested in analyzing
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the composition of public expenditure (de la Fuente, 1997; Greiner, 1999).
Finally, in subsection 2.6.3, I focus on the model by Mourmouras and Lee

(1999), that modifies the consumption side of Barro (1990) and in section 2.7

it will be introduced the motivation behind the model presented in Chapter

3.

2.2 Public Capital, Qutput and Productivity

The public provision of productive services (infrastructures) may affect cco-
nomic activity through different channels, which can be studied starting

from the following aggregate production function®:

Y; = A(GY) - f(K, Ly, Gt) (2.2.1)

where, at cach moment in time ¢, Y; is a measure of real aggregate output of
the private sector, K; is the aggregate stock of private capital, L; represents
aggregate employment, G; is the aggregate stock of public capital and A; is
a measure of the level of technology. Given this general specification of the
aggregate technology, the effects of Gy on output and productivity can be

studied under two alternative assumptions:

(a) public services represent a direct input of production and influence

both production directly and productivity indirectly;

(b) public services influence productivity indirectly without entering the
aggregate production function as a direct input, but rather being a

source of externalities.

The debate on whether (a) or (b) is the prevailing avenue through which

public capital is related to economic activity is not new, dating back to

! Examples of public infrastructures include highways, airport, harbors, communication

networks, electric and gas facilities.
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Mecade (1952) who analysed both possibilities. More recently, the two al-
ternative views on the productive role of public capital can be found in the
works by Aschauer (1989a) and Hulten and Schwab (1984, 1991) respec-
tively. These works provide the theoretical background on which is based
the wide empirical literature on the impact of public capital on output and
productivity growth following the so-called production function and growth
accounting approaches. This section deals with the key features of such the-
ory, while the empirical literature on the productive role of public capital
will be reviewed in Chapter 4.

Aschauer (1989a), assumes that Gy enters the aggregate production func-

tion as a direct input:

Yi = At . f(I{t, Lt, Gt) (2.2.2)

Under this assumption, public capital contributes to output:
(1) directly;
(2) indirectly by enhancing the productivity of other inputs of production.

The direct impact (1) will depend on whether or not the marginal prod-
uct of G, is positive and, as a consequence, its output clasticity is positive
as well. Examples of categories of public capital which are likely to directly
contribute to national output as productive inputs of the private economy
arc all those belonging to the transport and communication network of a
country. For instance, roads, highways, ports and all other public trans-
port facilitics can be thought as productive inputs of private providers of
transport services.

On the other hand, the indirect cffect (2) will actually arise only if private
and public inputs are in a relationship of complementarity, in the sense that
Yi.c > 0and/or Ygg > 0, where Yx and Yy, are marginal products of capital
and labour respectively. For instance, thinking about the simple example of

the national transport network, a higher endowment of highways is likely to
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be positively linked to the productivity of drivers and trucks employed by
firms that provide transport services.

Under the assumption that public capital enters the aggregate produc-
- tion function as in (2.2.2) — in Cobb-Douglas form — the effects (1) and
(2) can be cvaluated using two alternative measures of productivity. Hence,
behind both these potential eftects there is the assumption that public cap-
ital is a direct factor of production and, once we make such assumption,
one cffect is implied by the other as for any other direct productive input.
Indeed, Aschauer (1989a) does not explicitly model the effect of government
intervention in enhancing total factor productivity using some specification
of A;(G}:). However, he derives the relationship relating public capital to to-
tal factor productivity implied by the assumption that G} is a direct factor
of production. He assumes that the government provides the private scctor
of the economy with a flow of services free of user charge. If such flow is pro-
portional to the national infrastructure network, it will be equivalent to the
stock of public capital G;. For a Cobb-Douglas functional form of (2.2.2),

Aschauer obtains the following logarithmic version of aggregate production:
In(Y;) = In(A4;) + - In(K;) + G- In(L;) + v - In(Gy) (2.2.3)

where o, 8 and v are clasticity values of private capital, labour and pub-
lic capital respectively and can be empirically estimated. The factors of
production are exogenous? and it is implicitly assumed that they arc paid
their respective marginal products. It is important to notice that a fur-
ther restriction imposed by the Cobb-Douglas specification in (2.2.3) is that
the substitution elasticitics of the production inputs are equal to one by
definition.

Once one assumes the public provision of productive services with no

uscr charge, it is nccessary to make clear how the government finances such

% In the sense that aggregate output is related to available inputs by a unilateral rela-

tionship: Y is produced for given levels of K, L and G.
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a provision. In the easiest case, it is possible to assume a one sector economy
where the government purchases a share of total output and uses it to provide
these services to the private sector. The basic assumption in Aschauer’s
analysis is that the provision of public services G; is financed by income
taxation at the flat rate 7, which equates the public capital-output ratio at
cach moment in time: 7 = G/Y;. The rationale behind the public provision
of productive services is that — given their nature of pure public goods —
it would be difficult to allocate resources to their most efficient uses in any
private market for G;.

Further to the basic assumption of public provision with no user charge,
Aschauer considers the two cases of (i) public production of G; and (ii)
congestion in the usage of G;. These two cases coincide with two alternative
restrictions made on returns to scale in aggregate production: (i) constant
returns to scale (CRTS from now on) to private inputs and (ii) CRTS to all
factors of production.

(1) Starting from the first case, Aschauer argues that if the cexistence of
significant cconomies of scale in the public production of G; is considered
plausible, then the aggregate production function could show CRTS to pri-
vate inputs L; and K; and increasing returns to scale to Lg, I{; and Gy
together (i.e., a+ B =1and a+ F+ v > 1). It is obvious that this way of
modelling the public provision of G; implics a theoretical framework more
claborated than a simple one sector ecconomy. For instance, the assumption
of increasing returns to scale could be due to the fact that G is produced
by the government. Hence, we should assume a two sectors economy, with
a. public sector using its own capital and labour force to produce G;. In the
rcal world, this is the case of the distribution of water, electricity and other
public utilitics for which larger levels of production imply decreasing costs

and the most efficient form of production are natural monopolics.
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Under the assumption of CRTS in L; and I{;, profiit maximization in
perfect competition implies that private inputs earn exactly their marginal

products. Hence, the two corresponding measures of productivity derived

from (2.2.3) will be:

Y L
In (-I—{tt-) =In(A;) + 0 In (I—{i-) + v - In (Gy) (2.2.4)

and
tfp, = In(Yy) — s -In(I;) — s, - In(Ly) — tfp, = In(A¢) +v-In (Ge) (2.2.5)

where sg and sy, are output shares of K; and L; respectively; (2.2.4) rclates
output per unit of capital to the labour-capital ratio and the absolute level of
public capital®, whereas (2.2.5) expresses the increasing relationship between
total factor productivity and the absolute level of public capital.

(ii) The alternative restriction on returns to scale is based on the presence
of congestion cffccts in the usage of G;. This will make the assumption of
increasing returns to scale less attractive, lcading to prefer the assumption
of CRTS to all factors of production, which will imply decreasing returns to
scale over private inputs (i.e., a + 3 < 1 and o + 3 + v = 1). Since public
capital is freely available to producers, if the aggregate production function
exhibits CRTS to all inputs, the output will not vanish when L; and K; arc
paid their marginal products. Hence, it is necessary to make some hypothesis
on the distribution of the rents for public services amongst producers. In
particular, Aschauer assumes that the output shares of L; and K; — sp,
and sxg — arc proportional to their respective marginal productivity values:
s, = 0-8 and sg = 8-, with 8§ > 1. If this is true, then the following

mecasures of productivity can be derived:

Y: L G
In (I_{z) =In(A¢) +6-In (I—{i) +v-1In (I—é) (2.2.6)

3 We should refer to the flow of government services but, under the assumption that

these are proportional to public capital, the two definitions are equivalent.
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and

tfp, =In(A) +v-In(Gy — I}) (2.2.7)

where I; = s - In(K;) + s, - In(L;) and equations (2.2.4) and (2.2.5) are
. special cases of (2.2.6) and (2.2.7), respectively.

So far we have regarded G; as a direct input in (2.2.1), however, as we
said at the beginning of this section — sce point (b), page 8 — public capital

can play the role of an externality. In this case G; contributes

(3) indirectly to cconomic performance by enhancing total factor produc-

tivity without being a direct input of production:

Y: = A(Gy) - f(K, Ly) (2.2.8)

In this case, the productive role of public capital is defined as an external
cffect on total factor productivity. This view goes back to the work by
Meade (1952) and it has been adopted by Hulten and Schwab (1984, 1991).
According to this view, public capital may act like an environmental fac-
tor which enhances the productivity of productive inputs like an externality
in the sense of Romer (1986) and Lucas (1988).
To see how G could affect private output via A;, let us first totally

differentiate (2.2.8) under the assumption that A; is not a function of Gi:
Yi=Ai+a-Ki+ 8- L (2.2.9)

where dots over va<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>