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Growth models contain strong predictions regarding the effect of fiscal policy on the
steady state growth path. Fiscal policies have no effect on the steady state growth rate
in the neoclassical model whereas fiscal policy does feature in the steady state of
endogenous growth models. The number of alternative policies which have been

found to effect growth in the endogenous growth models is large as one of the few
restrictions placed upon policy in the models is which sector of the model 1s affected,

demand or supply. Only policies that are included in the supply side of the model
atfect the growth rate.

Despite the strength of the growth predictions regarding fiscal policy in growth
models the empirical relationship between the two has proved more difficult
establish. Even when comparisons are made between studies that purport to correct
for many of the statistical biases present in the data, non-robustness still abounds. We
believe that this non-robustness can in part be explained by a failure to adequately
account for the predictions from the theoretical models. We use four conclusions
from our review of the theoretical literature (the method of financing changes in
policy, differences between the transition and the steady state, the assumption of
homogeneity of expenditures, and the direct versus indirect effects of policy) to
provide the shape for new empirical tests. We find that once done, the strength of the
empirical relationship is increased and matches the predictions from the basic public
policy endogenous growth model of Barro (1990).
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Introduction

“The conduct of government is the testing ground of social ethics and civilised
living. Intelligent conduct of government requires an understanding of the economic

relations involved; and the economist, by aiding in this understanding, may hope to
contribute to a better society”
Musgrave (1959) pp.iii-iv

Two features which may be said to have characterised the economies of developed
nations over the last 30 years are: the slowdown in the growth rate of output, and that
governments have on average appropriated an increasing proportion of GDP. Figure
1.1 displays evidence of the second of these. The average level of government
expenditure in the 13 OECD countries expressed as a percentage ratio to GDP
increased from 27.8% in 1970/74 to 35.6% in 1985/89, while the average growth rate

of the 13 OECD countries included in Figure 1.1 fell from 4.21% in the period
1970/74 to 1.14% per annum in 1985/89. Unsurprisingly it has been argued that the

increased intrusion of government into the workings of the economy is crucial for
explaining the slowdown in growth and has caused living standards to be below
those which could have been achieved. The aim of this thesis is to investigate and

extend the theoretical and empirical links between the mix of fiscal policies and

growth.
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Figure 1.1: Government Expenditure as a Percentage Ratio of GDP
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The expansion of government expenditure has been criticised principally on the
grounds that it has been directed towards consumption expenditures. The political
sensitivity of social security expenditure and the need to finance increasing national
debt has meant that public investment has been targeted as the easy political option
(Oxley & Martin (1991)). This can be seen in Figure 1.2 below: despite the increased
appropriation of GDP evident in Figure 1.1 the 13 OECD countries included in the

sample have cut back on government capital expenditure as a percentage ot GDP

(Spain 1s the exception) from an average of 3.77% in 1970/75 down to just over 2.5%
in 1987/92. It can also be seen from this sample that the UK currently spends the
lowest proportion of its GDP on government capital (1.3% in 1987/92), although 1n

turn, it can also be argued that the lower growth rate justifies a lower stock ot public

capital.
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Figure 1.2: Public Investment (% GDP) in OECD Countrires, 1970/75 - 1987/92
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Simply considering the changing expenditure pattern of countries over the period
provides an incomplete perspective on the changing role of government. Attention
has, therefore, also been attracted to the method of financing as an explanation for the
slowdown in growth. Within the average country expenditures are mostly funded out

of Income tax, social security tax and goods and services tax revenues. From Figure
[.3 1t would appear the relative importance of these tax revenues has changed very

little over the period. These aggregate figures hide substantial differences however,
in both the revenue breakdown between countries and the changes in the revenue mix
within countries over the period. Some countries, for example Belgium, have
collected an increasing share of revenue from income taxes rather then taxes on
goods and services while others, such as the UK, has adopted the opposite strategy.
Germany and the US have collected a decreasing proportion of revenues from taxes
on income and goods and services taxation over the period in favour of increased
revenues from social security taxation, while Finland has not changed the makeup of

Its tax revenues over the period.
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Figure 1.3: Tax revenues by Type, Percentage Ratio of Total Revenues
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T'he maximisation of the growth rate is not the only objective of governments but
cxamining this objective has the advantage over alternatives, such as improvements
In social welfare, that there is a readily available supply of data through which to test
the models of government behaviour. Given that in theory the maximisation of
weltare is the principal aim of government we must assume in the thesis that the rate
of improvement in social welfare and the growth of output are positively correlated.
The failure to find growth effects from a particular type of policy is not then an
indication that this policy should be replaced. Indeed, assuming that its stated
objective 1s being met, then the failure to find growth effects from a particular policy

may in fact justify this policy over the range of possible alternatives.

1.2: Theoretical Literature

The theoretical relationship between fiscal policy and the growth of output is

reviewed using a class of model known as economic growth models. These models

investigate the underlying causes of growth over long periods of time (rather than
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short run fluctuations due to the business cycle). Growth models come in two main
forms, neoclassical (Solow (1956), Swan (1956)) and endogenous (Romer (1986),
Lucas (1988)). Both models are identical in terms of the conclusions they reach

regarding the effect of fiscal policy on the level of GDP; where they differ is in the

effect of fiscal policy on economic growth.”

Central to any model of economic growth is the production function: the 1dea that at
a point in time a firm’s output can be described as a function of the available inputs.
By mixing together physical capital, labour, land and technology in various
combinations firms are able to produce different types of output.” Growth in output
depends upon the economy finding more, or improving the quality, of these inputs
over time. However, increasing the amount of any one input very quickly does not

lead to fast growth in output in the long run because of diminishing returns in the

accumulation of inputs (adding an additional unit of an input increases output but by

less than the previous unit of input).

The accumulation of physical capital is determined in such models by the firm’s
Investment decision, whereas growth in the size of the labour force and to the level of

technology are determined by nature (they increase at an independent exogenous rate

over time).* Diminishing returns to investment imply that firms find it profitable to
invest only when new labour becomes available to use new machines (growth in the

labour force); and as the productivity of workers using the existing stock of machines

* This assumption lets us over come problems such as; revealing households true preferences; or
determining whether the new allocation of resources is efficient (Musgrave (1959)).
? There are many ways in which endogenous growth can be introduced into the model we concentrate

only on public investments as the source of endogenous growth. For a more complete review of the
literature see Aghion & Howitt (1998).

* We abstract from the idea of human capital as an input in the production function in order to
simplify the discussion. An extension to include human capital is relatively easy to make (Rebelo
(1991)) and this is done later in the chapter. This abstraction changes none of the basic results.

* A branch of the literature has looked at the reason firms choose to invest in product design and R&D
(for example Romer (1990)). The implications of government policy for growth are in many ways
identical to those when technical progress is exogenous and so we do not consider them in detail. A
simple model where government policy determines the growth in the efficiency of labour (Krichel &

Levine (1995)) is given in Chapter 2 Section 2.4.1.
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improves (technological progress).” Assuming the size of the labour force is constant

then new investment in capital and the growth of output will only be as fast as the

rate of technical progress allows.*

From this description of growth models it appears that, if governments are to have a
positive effect on the long run growth rate of a country then they are constrained to
chose policies that facilitate technical change. The interactions of economic agents in

this model yield an allocation of resources which is optimal (because of the

assumption of a full and perfectly competitive set of markets). Any intervention by
the government into these markets can serve only to distort the optimal resource-mix
and reduce the growth rate. Additional roles may, therefore, only be found if there

are imperfections in the functioning of markets within the model.

According to Musgrave (1959) government intervention can be justified when: (i) the
allocation of resources is sub-optimal; (if) the distribution of income is unethical; and
(1) the macroeconomy requires stabilisation. The growth literature has tended to

concentrate on the first of these roles, the allocation of resources.’

Market failure may take several forms but the most common example given in the

literature is the divergence between the private and social returns to investment.® If
there are benefits that accrue to society as a whole from the investment decision of
firms, and these firms are not compensated for the positive externalities of their

Investment, then the amount of investment in this input will be below that which

> Technological change is limited in the model to improvements in the efficiency of labour.
® Technical progress offsets the diminishing returns to capital investment that would otherwise limit

growth.
" We discuss briefly some of the literature relating to the other objectives of government further below

along with the potential interrelationship with the allocation of resources.
® We do not look at models where divergence between private and social returns exists for a whole

class of capital goods, such as the externality to capital accumulation (learning-by-doing) in Romer
(1986) or the externalities to human capital accumulation in Lucas (1988). These models advocate

subsidies rather than the public provision of capital described here.
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society would optimally choose. Co-ordination of firms to invest together will not be

possible, as the incentive not to bear the costs and only reap the benefits will be too
strong. This is usually described as the public good nature of capital, and transport

infrastructure, street lighting and policing are the examples usually given, but this

could also be extended to include education and health care.’

Government correction of this market failure through the public provision of this
input raises the marginal product of capital and encourages faster investment and
growth. In the neoclassical model the effect of this policy is only temporary, as
private capital and public capital are not close enough substitutes. Good policies shift
the path of output upwards but do not permanently affect the slope of this path (Agell
et al. (1997)). In contrast, in the endogenous growth model the effect on the returns
to investment are so large that the diminishing marginal returns to capital which
otherwise limit growth are permanently offset. More investment leads to faster output
growth, which in turn means that more public investments can be afforded which

encourages yet more investment. A virtuous circle is formed. Technological change

1S no longer the key to economic growth and instead it is the accumulation of

resources.'’ Therefore, government policies that encourage the accumulation of

reproducible factors of production raise the long run rate of growth of a country. "

The improved allocation of resources through the correction of market failure by the
government may be undone if the taxes used to finance the provision of the necessary
goods and services reduce the incentives to accumulate factor inputs. Taxes on the

reproducible inputs lowers their return discouraging investment lowering the growth

? The model justifies government provision of productive expenditures not their production. This
distinction is made in order to ignore the possibility that the efficiency of the public sector in
producing these inputs is below that of the private sector. We briefly review such a model in Section
2.4.2 in Chapter 2.

' In most of the endogenous growth models we describe we hold the level of technology constant.
! Given the scope for intervention provided by the government in growth models it is common to
approach this relationship through a discussion of the relationship between the level of government
spending and taxation and the growth of GDP. For an introductory discussion of the relationship
between, the level of fiscal variables and, the /evel of income and the growth of fiscal variables and

the growth of income see Sundrum (1990).
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rate and the steady state level of the capital stock. ' There is an excess burden from
government intervention on the optimal allocation of resources.” If the negative
distortionary effects of taxation outweigh the positive benefits to public investment
(as may happen when the level of expenditure becomes too large) then the level and

growth of output will be lowered by this combination of policies (Barro (1990)).

Immediately the differences between the new and old growth theories offer

alternative explanations for the slowdown in growth. The neoclassical model

suggests that the level and the mix of fiscal policy has no power as an explanatory

variable of growth rates. Any correlation between the two is instead due to changes
in the perceived role of government in, for example, social welfare provision
(Wagner’s law). Increases in the level of national income have led to increased
expenditures on social welfare. Only in the endogenous growth model is the mix of

fiscal policies consistent with the view that governments have caused the slowdown

in growth.

Public policy endogenous growth models can themselves be separated into two main

types. The first strand encompasses those models in which fiscal policy helps to
endogenise the rate of growth of the model (for example Barro (1990), Devarajan et

al. (1996), Capolupo (1996)). Examples of these models tend to be concentrated, and

better developed, in one-sector models and require taxation and government

expenditure to be included together. For this reason this type of model is not
encountered until Chapter 4. The second strand concerns those models in which

fiscal policy is effective in the presence of endogenous growth.!* This sort of model

tends to be used when the characteristics of the fiscal instrument are such that it is

not capable of endogenising the rate of growth, for example in two-sector tax models

121t should be obvious from these descriptions that we do not consider the possibility of market
failure due to non-perfectly competitive markets. Indeed we retain the assumption of perfect

competition throughout in order to simplify the analysis. As a point of note in models in which
monopoly power is required to provide the incentives for R&D investment (sece Aghion & Howitt

(1998) for an excellent description of these models) then under certain conditions its removal would

in fact lower the growth rate.
¥ If there is more than one reproducible factor accumulated by economic agents then the relative

taxation of these inputs becomes important. Such issues are taken up in Chapter 3.
'* Endogenous growth being achieved by some means other than fiscal policy such as constant returns

to capital.
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(Rebelo (1991), Lucas (1990), Mendoza et al. (1997)), and where public goods are

subject to congestion in one-sector models (Barro & Sala-i-Martin (1992)). The
models can be found throughout Chapters 2 to 4. We use both types of endogenous

growth model because the conditions under which fiscal policy is the source of
endogenous growth are fairly limited and a concentration on only one strand of the
literature would severely restrict the way in which we could capture the effects of

fiscal policy in a growth model framework. *

It should be noted that when using these models throughout the thesis we make the

strong assumption that all changes in fiscal policy are permanent. That is we do not
allow any forward looking behaviour from agents in the model. Relaxation of this

assumption would have implications for both the theory and empirical testing.

1.3: Empirical Literature

The clarity of the relationship between fiscal policy and the growth of GDP present

in the theoretical model does not translate itself across to the empirical literature.
Indeed, the empirical literature has produced results which can only be described as
diverse and, therefore, of little value when trying to explain the role of government in
the growth slowdown. As an example of this diversity the relationship between
transfer payments and growth has been estimated as positive (and significant),
negative (and significant) and insignificant by various authors despite using similar
data sets and similarly specified regressions (for details see Chapter 5). Variability in
the estimates such as this has led to the suggestion that the use of fiscal variables in
growth regressions be abandoned as they are more likely to represent underlying
‘symptoms’ of growth performance rather than have any direct relationship

themselves (Sala-i-Martin (1997)).

A number of recent, more careful, studies have attempted to alter this conjecture
(Fuente (1997), Mendoza et al. (1997)). These studies account for many of the

statistical problems typically encountered when estimating growth regressions but, as

1* Examples of this sort of switching can be found in the literature, for example Barro & Sala-i-Martin
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further demonstrated in Chapter S, a comparison of their results serves only to make

the empirical relationship appear even weaker. It is possible the lack of a consistent
methodology combined with the continued presence of statistical biases which infect

the results could explain some of the diversity but not all. However, there are a
number of theoretical issues which need to be addressed and which have not yet, or
have only incompletely, been incorporated into empirical tests. The empirical section

of this thesis develops the theoretical issues we raise in Chapters 2 to 4 into a series

of tests.

1.4: Some Qualifications

There 1s a limit to the number of different government interventions we can explore
in the thesis and by concentrating on the direct effects of policy on growth we have

chosen to ignore some important, closely related issues (some of these have already

been highlighted in the text).

1.4.1: Budget Deficit

One element of fiscal policy that we ignore in our theoretical discussion is that of the
government budget deficit. In the simple models that we consider government budget

deficits behave as if they were lump-sum taxes and have no effect on the rate of
growth (Ricardian Equivalence holds). As we do not consider household preterence
functions where Ricardian Equivalence is violated (such as in overlapping

generations models) from a theoretical perspective this omission does not appear to
be serious. In addition the empirical section of the thesis uses the deficit term to

collect statistical error and although included in the regressions this is not discussed

explicitly. Instead we refer the reader to Tanzi & Zee(1997) for an extensive

discussion of the possible relationship between budget deficits and growth and to
Levine & Krichel (1996) for an example of an endogenous growth model which

allows budget deficits.

(1992).
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1.4.2: Macroeconomic Stability

Growth models abstract from the idea of the management of the macroeconomy by

assuming as essentially classical short-run structure of the model. There is no
unemployment and it is relative rather than absolute prices on which agents’
decisions are based. That is, the classical dichotomy between nominal and real
sectors of the economy holds. The long run aggregate supply curve (LRAS) is

vertical around the full employment output level and the economy is on the
maximum of the production possibility frontier. This therefore provides no scope for

the use of Keynesian demand management policies. The assumption of perfect
foresight rules out the possibility that expectations can systematically be incorrect
and all regime shifts (such as changes in government) are fully anticipated. From this

perspective the role of government is limited to implementing policies which shift

the supply curve.

Attempts have been made in the literature to incorporate some long run effects from
instability in the macroeconomy (see Barro (1995, 1996) and Bruno & Easterly
(1996, 1998) as an introduction to the topic) where the most likely effect of this

uncertainty is on investment decision of firms. The empirical relationships between

macro-instability and growth are non-robust. As Temple (1998) writes, “a common

conclusion from this literature is that although ‘policy matters’ we do not yet have

any clear idea which elements of policy are crucial.”"®

1.4.3: Income Inequality

In the standard model all households are identical and therefore the re-distribution of
wealth between them is irrelevant. However, it is possible to extend the endogenous
growth model to consider the likely growth effects of inequality in income between
households (Alesina & Rodrik (1994), Persson & Tabellini (1994)). The link with
fiscal policy is generated by the political economy literature and by the consistent

finding in the empirical literature of a negative relationship between inequality and

** Temple (1998) pp.41
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growth. For example in Perotti (1996) we find that economies with an uneven

distribution may actually have slower growth rates.

1.5:  Qutline of the Thesis

We use the remainder of this chapter to discuss the basic form of the growth models
we use throughout the thesis. This allows us to conserve space elsewhere in the thesis

but also to highlight how fiscal policy might be introduced into growth models and

the mechanisms by which it is effective in the endogenous growth model but not in
the neoclassical model. We begin with a description of the neoclassical model, then

move to the ‘AK’ and Romer-type one-sector endogenous growth models betore

finally discussing the two-sector endogenous growth models. We do not provide a

tull description of the dynamics of the models, preferring instead to concentrate on
the derivation of the steady state and to understand the conditions under which

endogenous growth occurs in the models. Detailed references where full descriptions

of the models can be found are made throughout.

Public policy is introduced into growth models in Chapters 2 and 3. These discuss
respectively expenditure and taxation policies. We begin in both of these chapters
with a discussion of policy irrelevance in the neoclassical model before describing a

simple one-sector growth model (which we develop as a neoclassical model when

certain assumptions hold). Once we have explored some of the developments of this
basic one sector model we move to public policy in two-sector endogenous growth
models. Chapter 4 integrates these two halves of the government budget firstly into a
neoclassical model, then into a one-sector model and finally a two-sector model. The
two halves of the government budget constraint are brought together in order to

highlight their interdependence.

The empirical half of the thesis begins in Chapter 5 with a review of the literature.
We also use this chapter to draw out some of the failings of this literature both in

terms of (i) the statistical bias which might be present, and (ii) the limitations of the
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models it claims to test. Chapters 6 to 9 conduct the empirical tests and Chapter 10

concludes.

1.6  Assumptions of the model
1.6.1 The Neoclassical Model

This section offers a general description of the assumptions underlying the growth
models used throughout this thesis and to which we can later add fiscal policy. We
describe the consumption and production sectors of the economy and solve for the
equilibrium time paths of consumption and capital. The description of the models

borrows extensively from Barro & Sala-i-Martin (1995) and the reader is referred to

this text for a more complete description.”

We assume a decentralised economy, closed to international trade, which has an

equal number of identical households and identical firms. The rate of labour

. L
augmenting technological progress, (ﬁ-) and the rate of growth of population, (-I-:-)

A L . ”
are exogenous and constant (— = x, —=n)."® A continuum of perfectly competitive

A L

households and firms are assumed to have the following properties.

Behaviour of Households

The representative household is infinitely-lived and chooses consumption and

saving to maximise its dynastic utility. That is, we assume throughout that the

Ramsey (1928) preference function, first introduced into the growth literature by

' We do not extend the neoclassical model to include human capital accumulation (Mankiw, Romer
& Weil (1992)). If human capital is a reproducible factor of production then the speed of transition to
the steady state and the effect of policy on the steady state is faster (De Long (1996)) but the effect on

the long run growth rate of output is still zero.
'® We normalise the number of adults at time O to unity, so that the labour force at time t is given by

L(t)=e". Likewise we normalise the available technology at time 0 to unity, so that the level of
technology at time t is given by A(t)=e".
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Cass (1965) and Koopmans (1965), holds. The preferences of the representative

household are given by the following function,

Equation 1. 1 U= J; e’ u(c)ot

where ¢, is consumption per person (C/L), p is the constant rate of time preference,

(p>0), and u(c) is given by the following CIES utility function,

cl7? -1

1-0

Equation 1, 2 u(c) =

which has a constant rate of intertemporal substitution ¢."” Household utility is
maximised subject to a budget constraint, equation (1.3). The assets of the household,

a, rise with income, w + ra, and fall with consumption, c. The flow of income is

made up of the return from capital, 7%°, and the returns from labour, w*.

Equation 1. 3 a=ra+w-c¢

In order to rule out the possibility of chain letter debt finance the net present value of
assets is constrained to being asymptotically nonnegative.” If we also assume that

agents do not leave assets at the end of time, then the transversality condition 1s given

by,

Equation 1. 4 }EE{“ (t)exp[- j;[r (v) - nldv]} = 0

* The felicity function u(c) has the usual properties regarding the returns to consumption u’(c)>0,

u’’(c)<0 as well as satisfying the Inada conditions u(c) - as ¢—0, and u’(c)-0 as c—wx.

0 Interest income can be either positive or negative depending whether the household at that point in
time is a debtor or creditor to other households. The representative household must hold a net zero
position in equilibrium.

‘! Each agent supplies inelastically one unit of labour per unit of time for which they receive a wage
which clears the competitive labour market.

2 This constraint limits the amount of borrowing each household is able to undertake in order to
prevent households from rolling over their debt into future periods indefinitely and effectively gaining
the first unit of consumption for free. That is, we prevent households from consuming more than the

value of their initial wealth plus lifetime earnings.
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Household utility (equation (1.2) is substituted into equation (1.1) for u(c)) and
maximised subject to the household budget constraint (equation (1.3)). From this

maximisation the growth path of consumption (known as the Euler equation) can be

derived,

Equation 1. 5 Yo =—=—(r=-p).

The growth of consumption is given by the return to saving, r, less the rate of time

preference, p, divided by the rate at which households are willing to substitute

consumption across time, o.

Behaviour of Firms

Each firm has access to a constant returns to scale production function in which
capital, K, labour, L, and a labour augmenting technology term, A, are inputs

(equation (1.6)).

Equation 1. 6 Y =F(K,AL).

If we re-write capital as a ratio to effective labour, k = —AK-Z , then the production
function becomes,
Equation 1, 7 y = f(k),

The production function is assumed to satisfy the Inada conditions, most notably that
each input is subject to positive but diminishing marginal returns.” The technology
used to produce consumption or capital goods is identical such that a unit of output

can be used either for consumption or investment in the capital stock. The evolution
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of the capital stock is determined by investment net of depreciation. * Equation (1.8)

also represents the resource constraint of the economy.

Equation 1. 8 k=f(k)-c-(x+n+0)k

The competitive firms’ flow of profits is given by the value of its output less its costs

for capital and labour (equation (1.9)),

Equation 1. 9 . = F(K,AL)~-(r+. ) K-wL

The cost of capital is set by perfect competition at the rate r, which is equal to the net

marginal product of capital, B}F{_ - 8, (where Jis the constant depreciation rate of

capital). Capital and loans are equivalent stores of value for households and therefore
the net marginal product of capital equals the returns households receive from

making loans. This assumption links the production and consumption sides of the

model. The competitive wage rate is equal to the marginal product of labour, =

The equilibrium profit the firm receives is zero (factor payments exactly offset total
output) through the assumption of perfect competition and constant returns

technology.
Steady State

Steady state occurs in this model when consumption and capital grow at a constant

rate. The growth path of consumption can be found by substituting the net marginal

product of capital, —g-;— - 6, into the Euler equation (equation 1.5) for the interest rate.

* The Inada conditions }(irl;l)(FK) = {in‘é(FL) = 00, JrI{im (Fy) = im(F,) = 0 hold for equation

L=»a0

(1.6) and equivalently Lim(f}) = o, }cim(f,,) = () for equation (1.7).

* An implication of this assumption is that the prices of consumption or new capital are identical and
set at unity.
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Equation 1. 10 Y ="E"=";_—[f'(k)"5"x"n‘p]-

The growth path for capital is given by equation (1.8). Equations (1.8) and (1.10)

along with the initial capital stock and the transversality condition,
}im{k exp(- j; [f (k) - & - x-n]dv)} = 0, provide a system of equations which

describe the time paths of consumption and capital. The steady state can be shown

graphically in Figure 1.4 as combinations of ¢ and k in which the growth of the

consumption and physical capital effective labour ratios are constant, ¢ = k = 0.”

The steady state is then given at the intersection point A where the capital stock/
effective labour ratio is constant at k. The capital/effective labour ratio is constant

when the growth of the capital stock is exactly equal to the growth rate of labour and

technology. Differentiating k = LS with respect to time to yield

AL

-],-z— = (-II%) - (%) - (i-) = 0 and then substituting for the growth rates of labour and

' K
technology,-ﬁ-— = n,-ﬁ- = x, implies the capital stock grows at the rate I x+n.Ifwe

assume Cobb-Douglas technology then the growth rate of output can be found by

differentiating the production function with respect to time,

Y = R +(1- a)(-l—' + %) , and substituting for the growth of capital, technology and

Y K L

Y
labour, The growth of output is therefore also equal to, = X+n.

“The ¢(k) line provides the stable path for the transitional dynamics of the model, the details of
which can be found in Barro & Sala-i-Martin (1995).
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kl

l

Figure 1.4 : Phase Plane Diagram of the Steady State in the Neoclassical Growth Model

If there is no growth in technology or the labour force, 11-'- = % = (), then the growth
rate of capital and output are both equal to zero because of diminishing marginal
returns to capital. This result implies that if fiscal policy helps to determine the
growth of technological progress or population growth, then it also affects the growth
rate of output in the neoclassical model (Peacock & Shaw (1971)). Under such
circumstances we prefer to describe the source of growth in these models as

endogenous rather than exogenous, and provide an example of such a model in

section 2.4.1 (Levine & Krichel (1996)).

In the public policy endogenous growth models that we describe in the following

chapters, a constant positive rate of steady state growth is possible in the absence of
labour or technology growth. In the one-sector models this occurs by preventing the
private returns to capital from declining towards zero over time, i.e. the Inada

condition }:im (Fy) = 0 does not hold; while in the two-sector models this 1s achieved

through the separate endogenous accumulation of human capital. Growth 1s then a
product of capital accumulation (and human capital accumulation in the two-sector
models), not of technological change or labour force growth as in the neoclassical
model. The endogenous growth literature uses two main forms of one-sector model.
The first is the constant returns to capital, or ‘AK’, model (Jones & Manuelli (1990));
and the second is the externalities, or Romer-type, model (Romer (1986)). Despite

the fact that these models are essentially both ‘AK’ models we highlight the
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distinction because the Romer-type model allows fiscal policy to provide the engine

for growth. We discuss a two-sector endogenous growth model in Section 1.2.4

1.6.2 AK Endogenous Growth Models

In the ‘AK’ model (Jones & Manuelli (1990)) a constant positive steady state growth
rate of output is an assumption rather than a result of the model. There are constant
returns to capital, which implies that the marginal product of capital, and therefore
the rate of interest and the growth rate, is constant in the steady state. The violation
of the Inada condition of diminishing marginal returns to capital is crucial for these
results. We assume for simplicity that the supply of labour is constant and therefore
remove it from the production function. The capital term is then generally interpreted
as encompassing both physical and human capital as a means of justifying the

assumption of constant returns. The firms’ production function described in equation

(1.6) above now reads as,

Equation 1. 11 Y = F(K) = AK..

The net marginal product of capital -5% = A - & can be substituted for the interest

rate in the consumption growth equation to yield the consumption growth equation,

1
Equation 1. 12 Ve = -;[A -0 -]

The steady state growth rate is then a positive constant value if A>0 + 0.2 The
growth rate of consumption is therefore independent of the capital stock in this

model, which results in permanent differences in growth rates across countries.

l-o
O
transversality lim{k(¢)e"*"*”} = O condition holds.
] ~—»00

26 We impose the condition that A >0 + p > (A - 0 — p) so that utility is bounded and the
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Fiscal policies affect the steady state growth rate in these ‘AK’ model because they
amount to shifts of the technology parameter A. Changes in fiscal policy therefore
lead to permanent differences in growth rates across countries. Endogenous growth is

not caused by fiscal policy in the ‘AK’ models as this has been made one of the
assumptions through constant returns to capital. We use these models extensively in

Chapters 2 and 3 when we limit the available choice of policy variables to consider

only one half of the government budget, and again in Chapter 4 when public goods

are subject to congestion.

1.6.3 Romer-type Endogenous Growth Models

The Barro (1990) public policy endogenous growth model we discuss in Chapter 4

works on a identical principle to that of Romer (1986). There is some form of
‘externality’ to the accumulation of capital, which leads to constant returns to capital
at the aggregate level. In Romer the accumulation of capital increases the stock of

generally available knowledge, so there is learning-by-doing. Aggregate knowledge

is a non-rival, non-excludable input into each firm’s production function, available to
all at zero cost. Knowledge accumulation and therefore growth is endogenous to the

economy but is assumed by each individual firm to be exogenously determined
because the effect of its own investment is small and non-appropriable. This
assumption is important because it allows us to retain the assumption of perfect

competition at the firm level. The production function for the individual firm (using a

Cobb-Douglas functional form) is given by,”

Equation 1. 13 Y, = AKFK'°

There are diminishing marginal returns to physical capital but constant returns across

physical capital and knowledge. This assumption of constant returns to scale across

capital and knowledge is crucial, for when we aggregate across all firms we arrive

back at an ‘AK’ type of production function.

Equation 1. 14 Y = AK
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The marginal product of capital is constant and the economy has again a sustainable

positive constant growth rate in the steady state. In the Barro-type endogenous

growth model expenditure policy acts upon the production function in a manner

similar to that of learning-by-doing in the Romer model. In this way certain fiscal

policies become the engine for growth. This result rests heavily on the use of a

particular mix of policy variables.
1.6.4 Two-sector Endogenous Growth Models

Diminishing returns to capital are prevented in the two-sector models by the separate

endogenous accumulation of human capital. The amount of human capital

Investment is determined endogenously by utility-maximising households and is
produced using alternative technology to that of consumption goods. Equation (1.15)
describes the production of consumption goods and physical capital investment, and

equation (1.16) the production of human capital.

Equation 1, 15 Y=C+ K + 0K = A(w)ﬁl (VK)“ (u H)l-a

Equation 1. 16 I:I+ OH = B[(1- Q)G]ﬂz [(1- v)K]”[(l _ u)H]I-n

The terms v, u, (1-v) and (1-u) describe the fraction of human and physical capital
used in the production of capital goods and human capital. We assume, as do Barro

and Sala-i-Martin (1995), that the production of human capital is relatively intensive

in human capital and that the technologies are different (a=7). Both sectors are

described by Cobb-Douglas production functions and for this reason the model will

display constant steady state rates of growth (indeed in the steady state C, K, Hand Y

all grow at a common rate).

*” We assume no growth in the stock of available labour and so remove it from the production

function for simplicity.
** It is not necessary for sustainable growth for both sectors of the economy to exhibit constant returns

to scale in K and H and the reader is referred to Barro & Sala-1-Martin (1995 Ch.-5 pp. 198) for a
description of the conditions necessary for endogenous steady state growth.
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If we maximise the utility function in the usual way we get a time path of

consumption that does not look unusual in comparison to those described above,

Equation 1. 17 Ve = -l-[A(ig)(l'“) -0 - p]
O V

Since H and K grow at identical rates in the steady state then the marginal product of

physical capital is constant and the economy exhibits a sustainable rate of growth.
The derivation of the growth rates of human and physical capital is more complex

than the equivalent one-sector case and instead the reader is referred to Barro & Sala-

1-Martin (1995) for details.

The inclusion of fiscal policy is not necessary to endogenise the growth rate in these
two-sector models.” Indeed if fiscal policy performs the same function as in the
Romer externality type model then there are problems of how to model increasing
returns to scale in a dynamic optimisation framework and retain the assumption of
perfect competition. One possible means of overcoming this problem is to model

fiscal policy as affecting the accumulation of human capital only (Capolupo (1996)).
A second possible method is to restrict the form of government expenditures such
that they amount to one-off shifts in the level of technology through the parameters A

and B.” Fiscal policy then behaves in the same way as in the one-sector ‘AK’

models.

1.7  Conclusions

Diminishing returns to capital investment in the neoclassical growth model, means

firms only find it profitable to invest as the technology in the economy improves. In

contrast, in the endogenous growth model output growth is not limited by

diminishing returns and instead grows as fast as firms investment in the factors of

*® In the case of the two-sector models with government expenditure this appears to be a major source

of their lack of development in the literature.
*0 A third possible means is to remove the assumption of perfect competition altogether. There are

currently no examples of fiscal policy in a growth model with imperfect competition.
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production. These different descriptions of the causes of growth have in turn

differing implications for government policy. Under the neoclassical growth model

governments are restricted to adopting policies which encourage technological
change if they wish to permanently raise the growth rate, whereas in the endogenous

growth model policies which encourage factor input accumulation induce faster

growth. The endogenous growth models therefore offer governments a much broader
range of effective policies to choose from, and it is the scope of this choice that we
focus on in the next three chapters. Chapter 2 considers government expenditures,

Chapter 3 taxation and Chapter 4 brings both halves of the budget constraint

together. Only in the last of these three chapters does government policy actually

provide the ‘engine for growth’.



Chapter 2

Government Expenditures in Models of Economic Growth

2.1 Introduction

In the previous chapter we noted that the government can increase the growth rate of

the economy if it supplies the goods and services to the private sector in which there
would be sub-optimal investment in the absence of intervention (i.e. there 1s some
form of market failure). In the neoclassical model the returns to these public
investments are not sufficiently large to prevent the diminishing returns to capital
investment which limit growth, whereas in the endogenous growth model they are.
Within this chapter we must depart from this general description of the differences
between the neoclassical and endogenous growth models because in order to
concentrate solely on government expenditures we assume they are financed using
lump-sum taxes. Lump-sum taxes have the advantage that they have no effect on the
decisions of households or firms and so do not “pollute’ the effects of expenditures
on growth,’ but the disadvantage that, unlike distortionary taxes, they are incapable
of providing one of the necessary mechanisms for fiscal policy to endogenise the
growth rate. Policy enters both models in an identical manner, so the differences in
the results rest not on the behaviour of fiscal policy, but instead, on the treatment of
capital in the production function. The endogenous growth models we discuss in this
chapter are therefore, of an ‘AK’ form where endogenous growth is an assumption of
the model (see Section 1.6.2 for a review). This represents a departure from the

original Barro (1990) model, but is necessary if expenditures are to be considered

alone.?

! This result is robust to changes in the household preference function and the firms’ production

function.
? We are forced to make a similar assumption in the next chapter.
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Although the categorisation of expenditures between those which affect private

production (which we label productive expenditures) and those which do not (which
we label non-productive expenditures) 1s sufficient to determine the effect a

particular expenditure policy has on growth, productive expenditures display a range

of other characteristics which we are unlikely to capture through the use of a

homogeneous productive expenditure term.” For example, education is dominated by
public sector inputs in its production whereas transport infrastructure is often
produced using private sector inputs/contractors. Additionally, education expenditure

atfects the accumulation of human capital in the economy whereas transport

infrastructure raises private sector productivity directly. Differences in the
combination of characteristics of this sort alter the way in which we choose to model
productive expenditure, and in certain cases can remove the long run relationship

between policy and the growth rate. We review the characteristics of expenditures in

Section 2.1.1 and model various combinations of these characteristics in section 2.4.

In the neoclassical growth model the distinction between productive and non-
productive types of expenditure is valueless (as is a discussion of their
characteristics) as no type of expenditure determines the steady state growth rate.’

We can however, show that distinguishing between different types of expenditure

may be important in determining their effect on income levels. We review the results
for the neoclassical model in Section 2.2 and demonstrate that changes in

government expenditure affect only the level of output of the economy.

Finally, Section 2.5 adds government expenditure to a two-sector endogenous growth
model where growth is endogenised through the separate accumulation of human

capital. Unlike the tax models of the next chapter expenditures play exactly the same

role as in the one-sector model and so very few new results are added.

* We assume in our modelling of productive expenditures that the marginal social benefit of the fiscal

instrument is positive (the social benefits to production are greater than the cost of the absorption of
output). The model could readily be extended to cases where the social benefit is negative.
* As we demonstrate below we may still wish to distinguish between some of the characteristics of

expenditure policies even in the neoclassical growth model, as government expenditure is still an
effective determinant of the level of output.
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2.1.1 Characteristics of Government Expenditure

The principal issue concerning public expenditures in endogenous growth models is

whether the policy fits into either the production or consumption sectors of the

model. Only those expenditures that are included in the production sector affect the

growth rate. Non-productive expenditures are assumed to be perfect substitutes for

private consumption and are therefore modelled as additional inputs to the household

utility function. Non-productive expenditures have no effect on the

saving/investment decision because of the assumed nature of the preference function.
We define all types of non-productive expenditure in this way so their attributes

require little discussion.
Productive Government Expenditures

A large number of public expenditures could be thought of as enhancing (or
retarding) the production of output in the economy, and it is likely that few of these
forms of expenditure affect output growth in a homogeneous manner. We use the

variations of the Barro (1990) model to discuss the scope for public expenditures to

atfect the growth of output. These can broadly be thought of as being of two types; i)

changes to the characteristics of the productive expenditure term; and iii) changes in
the manner by which expenditures affect the production of output (expenditures that

encourage the accumulation of additional reproducible factors). We consider this

second question first.
Reproducible Factors of Production

Barro (1990) assumes that all productive expenditures are complementary to private
production and can therefore be modelled as additional inputs to the firms’
production function (they directly affect the marginal product of capital).
Government expenditures promote growth by correcting the market failure (re-

allocating the stock of available resources) caused by the public good nature of some
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types of capital. This assumption clearly limits the role of expenditure policy, and
ignores expenditures such as those on policing, public sector R&D or health
expenditures which have an indirect effect on production via investment or human
capital accumulation (i.e. expenditures which encourage the accumulation of

additional factors of production). Capolupo (1996) models public goods as inputs in

the production of human capital (education expenditure) in both one-sector and two-
sector models. In comparison Levine & Krichel (1996) allow expenditures to

determine the rate of labour-augmenting technological change. Barro & Sala-i-
Martin (1995) develop the idea of productive expenditures and model them as

increasing the likelihood of maintaining ownership of output, as in the protection of
property rights, and hence the investment decision. The underlying transmission
mechanism is altered in these models, but it has no consequence for the way public

goods behave in the steady state (the equations for the steady state all look identical).

Characteristics of Productive Expenditure

The second strand of the literature develops the set of characteristics which
productive expenditure display. Models of economic growth limit the role ot

government to correction for market failure. In addition the model assumes that the

technology the government has available to produce the goods and services to correct
for market failure is identical, or at least not less efficient, that of the private sector.
There 1s private production but public provision (Barro (1990)). If the government

exceeds this albeit limited role and intervenes where market failures are not present,

and/or the productivity of the public sector is below that of the private sector, then
the growth potential of government expenditures may be unrealised. Government
intervention acts like a tax and private sector investment is ‘crowded-out’. Despite
the ease with which examples may be found which do not satisfy either assumption,
this is not an issue we choose to explore in any great depth (although we do develop
a very simple model in Section 2.4.2 as an example). The addition of a separate
production function for public goods requires the addition of a government objective
function in order to determine the choice of the level of expenditure. This in turn

requires a discussion of social welfare, which is well beyond the scope of the thesis.
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Barro assumes that all government expenditures are productive as flows of goods
into the production function. Such a characterisation of expenditures is unlikely to be
true in all cases, as some forms of productive expenditures, transport infrastructure
for example, may be better thought of as a stock of public capital. The distinction
between flows (Barro (1990)) or stocks of public goods (Glomm & Ravikumar
(1994, 1997), Futagami et al. (1993)) adds, somewhat surprisingly, very little to the
model though. The equation for the steady state is identical in both cases and the

addition to the model comes instead from transitional dynamics not present in the

Barro model. Given that the interest of the thesis is in the behaviour of the steady

state rather than transitional dynamics this is not a model we explore in any great

depth.

Barro assumes that productive expenditures are homogeneous in their effect on
production. That is, the marginal benefit of different expenditure categories 1s
identical, and therefore they can be aggregated into a single term. In practice it seems
doubtful that the effect of a unit increase in education expenditure on the rate of

growth is identical to that of health expenditure and this is supported by empirical
“evidence (Devarajan et al. (1996)). Removing this assumption and allowing multiple
forms of productive goods within the same production function adds to the set of

results through the possibility of growth effects from the mix as well as the level of

expenditure.

The final characteristic of productive expenditure we consider is the degree to
which the public good or service is subject to rivalry and excludability (Barro &

Sala-i-Martin (1992)). Excludability refers to the technical ability to prevent or limit

the use of the public good or service by private producers (a quantity constraint),
whereas rivalry impinges the quality of the public good through its use by other
producers. Three alternative combinations of rivalry and excludability are
developed by Barro & Sala-i-Martin (1992): (i) rival and excludable public goods;

(ii) non-rival and non-excludable public goods; and (iii) rival but non-excludable
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(and therefore subject to congestion)’ public goods. The first two are generally seen
as useful extreme representations for capturing certain characteristics of
expenditures, such as those on health and education (Atkinson & Stiglitz (1980),
Barro (1990), Barro & Sala-i-Martin (1992)). We use these first two definitions of

public goods interchangeably throughout the text as they have no real impact on the

results. We cannot do the same for congested public goods as the congestion of
public expenditures over time renders the results for fiscal policy from the

endogenous growth model redundant. This has interesting implications as 1t

suggests that even if we make endogenous growth an assumption of the model, if

public goods are subject to congestion then, under certain conditions, productive

expenditures may not help to determine the steady state growth rate.

Excludability of public goods suggests that an individual firm has excludable

ownership over a certain quantity of publicly provided input. The fact that public

goods are rival is irrelevant in this setting as each individual can prevent other firms
from trespassing or congesting the quantity or quality of public goods. This form of
productive expenditure is commonly known as a private public good because of the

complete property rights that exist for each producer over their proportion of

government expenditure. For example the production function of firm i is given by:

Equation 2. 1 Y, = f(K,,G)

where Y; is output of firm i, K; is the capital input used by firm i, and Gy, 1s

government expenditure available to the individual firm i (i = 1 to n), where n is the

number of producers

Aggregating across all producers produces the following production function:

Equation 2. 2 Y = f(K,gy)

* Congestion is the impingement upon the quality of the publicly provided good or service received
by each individual producer through its use by other producers.
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Where g, is the equal proportion of productive government expenditure received by

each producer (gy= G,/n).

If productive expenditures can be described as non-rival and non-excludable in
nature then consideration as to the amount each individual firm receives is

unwarranted. Each individual producer does not affect the quantity or quality of
service any other producer receives. This is commonly known as a pure-public good

(Samuelson (1954)) as there are no enforceable property rights over part of

government expenditure by individuals. The firms’ production function includes

total productive expenditure as input, Gy, rather than the share per capita.

Equation 2. 3 Y; = f (KHGY)

which, aggregating across all firms, can be written as:

Equation 2. 4 Y=f (K, GY) y

Barro & Sala-i-Martin argue that a third alternative specification is the most likely

description of most government expenditures (transport and communication
infrastructure being obvious examples). Productive expenditures are included as
inputs into the production function of firm i as the ratio of total government
expenditure, Gy, to private output, Y (Barro & Sala-i-Martin (1995)).° As aggregate
output increases there is a decrease in the ratio G,/Y, and congestion of public
expenditures. The value to the productive process of government expenditure
diminishes because of the congestion created by the increase in the output of all
producers, Y. This negative externality is ignored when the firm decides its output
and investment decisions as its own effect on congestion 1s infinitesimally small.

The production function of the individual firm can be written as:

® In Barro & Sala-i-Martin (1992) the private production suffers congestion through the aggregate
capital stock term not aggregate output. Barro & Sala-i-Martin (1995) note that this change in

assumption does not change the nature of the results.
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G
Equation 2. 5 Y = f(K"-f'L) :

Alternative formulations of congestion are available in the literature, and these offer
a more satisfying description of congestion than the normalisation of public goods

to the size of the economy described above. For example Fisher & Turnovsky

(1998) develop a specification of congestion based on the median voter model of

Edwards (1990). Congested public goods are given by:

Equation 2. 6 G, =G, (%)l'm

where Osws1 and Gy, is the stock of productive expenditures available to firm &.

K, represents the capital stock of the individual firm, K the aggregate capital stock,
Gy aggregate public capital and w the congestion parameter. The congestion of

public goods increases with increases in the total private capital stock and decreases

with increases in the public capital stock. If w=1, then public goods are non-
rivalrous (there is no congestion) and if =0, congestion increases in direct
proportion to increases in the capital stock (as in Barro & Sala-i-Martin (1992)). If
O<w<1 then there is a degree of congestion and the results lie between the
formulation of congested goods in (2.5) and the non-congested public goods case.’
By using these extreme descriptions of congestion we are able to capture the limits

of this more general formulation of congestion.

Alternatively Glomm & Ravikumar (1994) write their formulation of congested

goods as:

"When public goods are subject to any degree of congestion, 0<a<1, public expenditures have no
effect on the steady state growth rate. The measure of congestion does, however, affect the speed of

transition to the steady state growth rate. The lower the rivalrous nature of public goods, the less
congested it is (@ is close to 1) the slower the speed of transition to the steady state from a change in

public expenditure.
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G,
K®L*

Equation 2. 7 Gy, =

where Os o, &

This can be seen to be a similar formulation to Fisher & Turnovsky in that

congestion increases with increases in the private capital stock and decreases with
increases in public expenditures, but it now also depends on the size of the labour
force. If the growth of the labour force is zero (and hence labour term can be
suppressed from equation (2.7)) and w=1 then we are back to the Barro & Sala-i-

Martin (1992) formulation where the congestion of public goods is proportional to

the size of the aggregate capital stock. Once again we describe the extreme cases to

provide the limits of this more generalised formulation.

2.2 The Neoclassical Model - Policy Ineffectiveness

Discussion of the defining characteristics of public expenditures in the context of a
neoclassical growth model is relevant only if there is interest in the relationship
between the level of expenditures and the level of output. There are no growth effects
from fiscal policy in the neoclassical model. To demonstrate the differences between
the neoclassical and endogenous growth models clearly we include fiscal policy in an
Identical manner to the Barro (1990) endogenous growth model. We assume that the

rate of growth of the labour force and labour-augmenting technological change are

zero (allowing for either does not alter the results).

For simplicity we write the production function in a Cobb-Douglas form with
constant returns to scale in capital and labour. To this we add the term G, which we
use to represent productive government expenditures. We describe productive
expenditures as non-rival, non-excludable public goods that are productive as a flow
of goods and services. Gy is assumed to be produced under an identical technology to
that of private goods; to affect production directly; and for all productive goods have

a homogeneous effect on output. The elasticity of output with respect to government
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expenditures is given by £, and we assume that 0<f<1 so that public goods, like all

inputs in (2.8) are subject to diminishing marginal returns.’

Equation 2. 8 Y = AK aLl'“Gf

Government expenditures are financed by a lump-sum tax at the rate 7.” The

government budget constraint (constrained to balance at every moment in time) is

given by:!°
Equation 2. 9 G=r.

where G = G, + G, and G_is government consumption expenditure (see below).

The resource constraint of the economy is given as:

Equation 2. 10 Y=C+I1+G

where C is consumption, I investment and G total government expenditures.

Using I = K+ 6K and G = 7 (2.10) can be re-written as (2.11), the growth equation

of capital:

Equation 2. 11 Ii{nY—C—éK—T.

As in the previous chapter household utility is assumed to be a function of private
consumption and government consumption expenditure, G.. We further assume that
government consumption expenditure and private consumption are perfect
substitutes. For this reason the provision of consumption by the government has no

effect on the choice of consumption by households. Equation (1.9) from chapter 1

now reads:

® The value of B has only a small part to play in this model but the assumption we make regarding its

value when we add distortionary taxation to the model (Chapter 4) 1s crucial for the results.
” We choose lump-sum taxes because they are non-distortionary and therefore have no effect on any

part of the models that we consider.
' We assume that taxation is time invariant, although as Chamley (1986) demonstrates the optimal

tax schedule may be time variant. Such issues are outside the scope of this thesis.
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. ¢!~ G5 )-e
Equation 2. 12 u(c,G,) = J; e’ (LTL_)__)&
- O

where 0<C<1

The basic set-up of the model is identical to that in Chapter 1 except the felicity

tfunction, u(c,G) replaces u(c). Household utility is maximised subject to the

economy’s resource constraint to yield the growth path for consumption (equation

(2.13)). The level of government expenditures is taken as given because each firm

assumes that their increase in output does not affect the available amount of
productive expenditures. In the context of this model this assumption would appear

to be obvious, as the steady state level of productive expenditure is constant anyhow.
This assumption has greater importance when we consider the congested public good

model in Section 2.3 below and the models of Chapter 4.

1

—— [eAK*['*Gf -6 - p].
[-@-o)i-&). 7

Equation 2, 13 Yc

Equations (2.11) and (2.13) combined with the transversality condition in footnote 26

of Chapter 1 provide the solution to the time paths of consumption and capital, and

mirror equations (1.8) and (1.10) in Chapter 1. The interest rate is constant, r = 0,
when the growth of the capital stock is equal to the growth of the labour force plus
technology and when the growth in government expenditures is constant. This can be

seen In equation (2.13) where the growth rate of consumption is constant when the

capital-labour ratio is constant and the level of government expenditure 1s constant.

By assumption the growth of population and technology 1s zero, —j—- = % =0,

Differentiating the government budget constraint in (2.9) with respect to time

s G 7
demonstrates that the growth of government expenditure 1s also zero, — =—=0. If
T

we differentiate the production function with respect to time and substitute for the

growth of technology, population and government expenditures, then we can show
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that the growth rate of output is also zero, Y -4 +a ol +(1-a) z + f3 Oy = (.
Y A K L G,

Adding public goods to aid private production or provide utility to households has no
affect on the steady state growth rate in this model.!! Firms find it optimal to invest
only to the point at which the capital stock depreciates. Hence, there 1s no growth in

the inputs and therefore output. These results are robust to all changes in the

characteristics of productive expenditures.

Fiscal policy may not affect the growth rate but it does affect the position of the
steady state (and hence the level of income). This can be seen through the use of a
phase diagram of the dynamic equations of the model (Figure 2.1). Increases

(decreases) in productive expenditures have two effects on the economy; they raise

(lower) the marginal product of capital by the term (G,)” increasing output; but

reduce (increase) the resources available to the rest of the economy through the

resource constraint. From equation (2.13) it is clear that the first of these effects

causes the C = 0 line to move unambiguously to the right, while both combine in the

movement of the line K = (). The movement of K = 0 depends whether the effect on

the marginal product of capital, (G,)”, is greater than the effect of a reduction in

available resources. Figure 2.1 demonstrates this for the phase planes of C and K,

assuming the total effect on K is positive. The steady state levels of C and K at point
B are greater than those at point A. Expansionary fiscal policy has increased the level
of income in the economy. Fiscal policy also affects the transition between these

equilibria (and hence the growth rate in the transition).

11t follows therefore that if we alter the mix of government expenditures between productive and
non-productive types we have no affect on the steady state growth rate.
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Figure 2. 1: Level Effects of Increases in Productive Government Expenditures in the Neoclassical
Growth Model

In contrast to an increase in productive expenditures the effect of an increase in
government consumption expenditure comes only through the reduction in the
resources available to the rest of the economy. The more goods consumed by the
government, obviously the fewer can be consumed by the private sector if K'is to be

held constant. The private sector becomes ‘crowded-out’. In Figure 2.2 this leads to a

reduction in the K = 0 line and the steady state values of C and K move from point

A to point B, The equilibrium levels of C and K and therefore income are below

those in the absence of government intervention.

K=0

K,

Figure 2. 2 Level Effects of Increases in Non-productive Government Expenditures in the
Neoclassical Growth Model

The role of fiscal policy in the neoclassical model has been well researched despite
the fact that it is ineffective in determining the growth rate. Examples of fiscal
policies that affect the position of the steady state (such as those discussed by

Feldstein (1973)) are provided in Atkinson & Stiglitz (1980); Peacock & Shaw
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(1971) discuss ways in which fiscal policy may affect the growth of technical

progress or the labour force; and Cornwall (1963), R. Sato (1963) and K. Sato (1967)

discuss how fiscal policy helps to determine the speed of adjustment to the steady

state,

2.3  Endogenous Growth Models (Barro) - Effective Fiscal Policy

The Barro (1990) model represents the first, and perhaps the simplest, example of
public policy endogenous growth models in the literature. The model uses an

1dentical set of assumptions to the neoclassical model bar one. Production is assumed
to be linearly homogeneous in capital. Fiscal policy is effective in the Barro model
because of this assumption. The addition of productive government expenditures to a

growth model is not sufficient in itself to endogenise the growth rate, hence
endogenise growth is required as an assumption of the model. The difference
between the results for the neoclassical and endogenous models (in this chapter) are
therefore based solely on a mathematical restriction on the assumed nature of
production technology. The importance of this mathematical restriction for the
results from the models is well understood (Barro & Sala-i-Martin (1995)), although

the economic implications of it are not (see Solow (1994), Romer (1994) and
Mankiw (1995) for a discussion of the assumptions and implications of ‘AK’

endogenous growth models versus neoclassical growth models).

Production technology is given by the ‘AK’ functional form described in Chapter 1

Section 1.2.2, to which we now add government expenditures as an input into this

process (in non-rival, non-excludable form).'* There are constant returns to capital

but increases in public goods are subject to diminishing marginal returns.

Equation 2. 14 Y = AKG/

where 0<f<1.

2 It follows naturally from this that the production function for rival, excludable public goods could

G
be writtenas Y = AKg? andas Y = AK (_Y!_)ﬂ for rival, non-excludable public goods.
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Utility (which includes government consumption expenditure) is maximised in the

usual way and the steady-state growth rate of consumption is as equation (2.15).

1

a1 raGr-s-
—(-0)1-8)" 4

Equation 2. 15 Y

The growth rate of consumption is a positive constant because the determinants of

the steady state are all constant (there is no growth in technology and no growth in

the level of government expenditures).'” In equilibrium productive expenditures

have a positive effect on the marginal product of capital and hence on the growth

rate.

The steady state growth rate is an increasing function at all sizes of government

(shown in Figure 2.3) but subject to diminishing returns (the slope of the function is

given by the elasticity parameter f).

Gy

Figure 2. 3 Growth Effects of Increases in Productive Government Expenditures 1n an ‘AK’
Endogenous Growth Model

Government consumption expenditure has a benign effect on the steady state rate of

consumption, because it does not distort the Euler equation.'* This holds because

> Because there is no growth of government expenditures the economy is always in its steady state,

that is there are no transitional dynamics in the model.
** Cashin (1995) argues that some forms of government consumption expenditure have a positive
effect on the rate of growth and models them as such without altering the household utility function
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government consumption expenditure and private consumption are perfect

substitutes and therefore yield an identical level of utility."” It follows from this
discussion that if we alter the mix of total government expenditure, G, towards

productive government expenditure, Gy, and away from non-productive

expenditure, G, there would be an increase in the steady state growth rate.

Congested Public Goods

Changing the characteristics of public goods to ones where they now display rivalry

and excludability adds nothing to the model. The growth rate of consumption would

then be given by:

1

= [Agf -6 -
—a-oyi-g & "0 7]

Equation 2. 16 Y

The congested public goods case is interesting because it resembles the endogenous

growth model in that the steady state rate of growth is a positive constant value, but
the neoclassical model in that at the limit (of time) productive goods are irrelevant
for determining the steady state growth rate. Equation (2.17) gives the growth rate of

consumption.

uation H._..]‘___.._.. 9_”_ P _5 -
Equation 2. 17 Y 1—(1—0)(1-5)[A(Y) 0 - p}

PP ¢
The ratio G/Y declines towards zero as output tends to infinity, lim— — 0,

Y=o

because v _ 0, that is as public goods become congested. The steady state growth

Gy

rate in this model 1s equal to the technology parameter, A (the marginal product of

from the Ramsey (1928) form. Cashin achieves this by instead modelling government consumption
expenditures as inputs into the production function. Consumption expenditure therefore becomes
equivalent to productive expenditure.
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capital). Only if public goods expand at the same rate as output can public goods
permanently affect the steady state (although public policy will still not have caused
endogenous growth). There is no such mechanism at present for this to occur in this
chapter but there is in Chapter 4 when productive expenditures are modelled

simultaneously with distortionary taxes.

Public policy affects the transition to the steady state, as in the neoclassical model,

the speed of this adjustment depending on the value of the parameter f. The lower

the value of S the slower the adjustment to the steady state.'® If, as Barro & Sala-i-
Martin (1992) suggest, a large number of productive expenditures are subject to
congestion, then even in the presence of sustainable growth public policy may not

permanently affect the long run growth rate of the economy.

24  Extensions to the Barro Model

Productive expenditure in the Barro (1990) model are assumed to directly affect the

production function as a flow of goods and services; to be produced under identical
technology to private output; and the magnitude of the effect of productive
expenditures on growth is assumed to be homogeneous.'” Many of the extensions to

the Barro model made in the literature reflect different combinations of

characteristics discussed in Section 2.1.1. We use this section to assess the impact on

the model of this work.

> We could extend the non-productive expenditure model to consider multiple forms of government
consumption expenditure but given these results there is little value to this,

'* Estimates of the elasticity of government expenditures in production function regression equations
vary considerably. For example Aschauer (1989) estimate the elasticity of public goods as being in
the range 0.34-0.73 using a Cobb-Douglas approach; Bajo-Rubio & Sosvilla-Rivero (1993) and Otto
& Vos (1996) estimate a parameter in the range of 0.17-0.19 using a cointegration approach and;

Merriman (1990) an elasticity in the range 0.43-0.58 using a translog production function.
' We choose to omit from the model non-productive government expenditures. There inclusion has

no substantive change on the results.
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2.4.1 Indirect Productive Expenditures

Barro assumes that all productive government expenditures have public good

characteristics and therefore directly affect private sector production. It is however,

simple to think of examples of expenditure where this is not the case. Education or

health expenditure affects the quantity or quality of human capital; whereas policing

atfects the expected returns from investment. We draw upon three models developed

in the literature to assess the impact of allowing expenditures to encourage the
accumulation of other reproducible factors. The first is an education model based on
Capolupo (1996), and the second is labour-augmenting technological change (Levine

& Krichel (1996)). Both work on a similar basis because of the need to retain the

one-sector framework and provide the necessary conditions for endogenous growth.

The third is slightly different from these two although the results are qualitatively
very similar. This third model increases the probability of retaining ownership over

capital encouraging further investment (Barro & Sala-i-Martin (1992))."

Labour-Augmenting Technological Change

In the model used so far output is a function of the composite capital term ‘AK’

which includes both physical capital and human capital. Both the Levine & Krichel
(1996) and the Capolupo (1996) models disaggregate this composite term and

assume human capital is produced under an alternative technology to physical

capital. Government expenditures are then restricted to affect the production of

human capital only.

Aggregate output is a function of human and physical capital with constant returns
to scale at the aggregate level and diminishing marginal returns to each individual
input. We remove public goods from the production of aggregate output in order to

concentrate on the indirect effects of fiscal policy. Using a C-D form, the

production function of firm i 1s given by,

** Technically this model does not encourage the accumulation of additional reproducible factors but
of capital investment. It could however be argued that this form of expenditure is different from the

re-allocation of the given stock of capital goods.
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Equation 2. 18 Y, = AK/"°H/

Levine & Krichel (1996) assume human capital in firm i is produced using a

combination of raw labour, L, and an efficiency parameter unique to firm i, &. The
growth rate of labour is assumed to be constant so that changes in human capital can

occur only through changes to the efficiency of the use of raw labour.

Equation 2. 19 H =¢lL,

The efficiency of labour of firm i is a function of aggregate labour, private capital

and public expenditure. Efficiency is assumed to accumulate linearly in K.

Gy K,
Lz'

Equation 2. 20 £, =B,

Assuming all firms are identical allows us to substitute the efficiency production
function (equation (2.20)) into the human capital function (equation (2.19)) and then

into the production function for output (equation (2.18)). The resulting equation is:

Equation 2. 21 Y = AB°K (l'a)me"
or
Equation 2. 22 Y = JKG,‘,B

where J=AB%and =y«

Maximising consumer utility subject to the usual constraints leads to the following

growth rate of consumption:

1

-——  [JGf -6 -
- (-o)i-2)" 4

E(]llﬂtiOll 2.23 yc

*> We require this restriction on the production function in order to produce a constant rate of growth
in the model. This is a simplification of the Krichel & Levine (1995) model and is required because
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There 1s no growth of expenditures and so the steady state rate of growth is

constant. Government expenditures affect the steady state through the marginal
product of capital, however, the relationship is indirect through the increasing

efficiency of labour. Public goods in this model perform exactly the same function
as labour augmenting technological change in the neoclassical model of Chapter 1.

Unlike in the original paper there is no growth in the efficiency of human capital in

this model because we assume only lump-sum taxes are used to finance government

expenditures.

Education Expenditure

A similar model to this is developed by Capolupo (1996) except that the Capolupo

model works by assuming that human capital production uses only public goods as
inputs. The absence of physical capital in the human capital production function
requires aggregate output to be linear in physical capital, K, for endogenous

growth.” The production of aggregate output is given by:

Equation 2, 24 Y = AKH®

and the production of human capital by:

Equation 2. 25 H =G/

Substituting for H in equation (2.24) yields an aggregate production function which

is of identical form to that used in the Barro model. The effect of public goods on

the steady state is therefore also identical.

Returns to Investment

Barro & Sala-i-Martin (1995-Ch.4) develop a model in which the marginal

productivity of capital in production is increased indirectly through the perceived

we do not use distortionary taxation to fund government expenditure. Under such circumstances we
cannot endogenise the rate of growth and require an ‘AK’ model.
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returns to investment. Public expenditures, such as national defence, policing or the
judiciary, influence the likelihood of maintaining ownership, and hence affect the

decision to invest. The probability of maintaining ownership is assumed to be an

Increasing function of government expenditures subject to diminishing returns:

Equation 2. 26 p=p (Gy)

where [p’(.)>0 and p”’(.)<0].

If output is produced using ‘AK’ technology then the steady state growth rate is

given by:

1

= —————[Ap(G,) -6 -
1_(1_0)(1_4,)[ p(Gy)-0-p]

Equation 2. 27 14

The growth rate is increasing in government expenditures, p’(G,)>0, but is subject to
diminishing marginal returns, p”’(Gy)<0. Barro & Sala-i-Martin (1995) assume that
the level of protection (for a given level of government expenditure) is a decreasing

function with respect to the volume of output it is required to protect (there is
congestion). If this holds then public goods are no longer determinants of the long

run growth rate.

2.4.2 Characteristics of Productive Expenditures

Relative Technology

One of the assumptions characterising public goods in the Barro model is that the

public and private sectors enjoy identical technology. Given that the policy of

competitive tendering employed in the UK throughout the 1980-90s was based on
the assumption that the technology of the public sector was less efficient than the

private sector, then it is perhaps surprising that this issue has so far received so little

attention in the literature. We develop a very simple model to demonstrate the

* We simplify Capolupo by assuming human capital is a flow rather than a stock.
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possible means by which relative efficiency could be introduced into a one-sector
model. The results from this model rest crucially on the assumption that capital is
linear in the production of public goods and that the proportion of the capital stock

used in the production of public goods 1s set by some exogenous factor. The

development of the model would require a description of the government’s

objective function and associated social welfare costs. The choice over the level of

private capital used in the production of public goods could then become
endogenous to the model but the results would depend on the form of the objective
function chosen. Considerations such as these lie well outside the scope of this

thesis and we choose to simplify the analysis by ignoring them altogether.

Assuming constant returns to scale in the production of private output and

diminishing marginal returns to each input results in the following production

function:

Equation 2. 28 Y = AK l'aGﬁ"

Relative efficiency is introduced by assuming public goods are produced under an

alternative technology to private goods (consumption and investment).** Public

goods use ‘AK’ technology in their production given below, where the marginal

product of capital in the public goods sector by the technological parameter B.

Equation 2. 29 Gy =BK

A simple substitution of (2.29) into the production function for aggregate output,

equation (2.28), for G, yields an alternative aggregate production function,

Equation 2. 30 Y = AK'"*[BK]"
Or
Equation 2, 31 Y =AB°K

*! The substitution on which the results are based was inspired by a similar one in Capolupo (1996).
Capolupo overcome the problem as to the choice over the level of private capital used in the
education sector by assuming human capital is produced only using public goods.
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This substitution, and hence the results, rely heavily on the assumption that public

goods production is linear in capital.

The growth rate is now given by the available technology in both sectors of the

economy. The relative technology of the public sector is weighted by the term a

which corresponds to the elasticity of output with respect to public goods.” The

steady state rate of growth is given by,

1

- [AB®-6-
(1-o)1-&). g

Equation 2. 32 Yc

The steady state rate of growth is independent of the size of government but public

goods still affect the growth rate through the marginal product of capital. If the

relative efficiency of the public sector is below that of the public sector (A>B°),
then the steady state rate of growth will be lower than when both sectors share
identical technology. In this sense the relative productivity acts like a tax on the

steady state as private investment is ‘crowded-out’.

The Stock of Productive Government Expenditures

Government expenditures in the Barro (1990) model are flow inputs in the private
production function. Glomm & Ravikumar (1994, 1997) and Futagami et al. (1993)
alter this assumption to model public goods as stocks of capital (such as transport

infrastructure). Although the use of public capital has many appealing features it has

no effect on the behaviour of the steady state equation and the additions from the

model are in the transitional dynamics not present in Barro (1990)4..,23

*2 The efficiency term, B, would appear to be similar to the eternality term which appears in Fuente
(1997). However, the externality term in Fuente is not derived from an underlying production
function of public goods, indeed public and private goods are assumed to be produced using identical
technology.

2 The transitional dynamic described in Glomm & Ravikumar (1994, 1997) and Futagami et al.
(1993) papers would be more complicated than those in this much simpler model.
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The description of public inputs as; rival and excludable; non-rival and non-
excludable: and rival, non-excludable goods, is not complicated by changing the
nature of expenditures from a flow to a stock. The three cases make as much

intuitive sense as a stock as they do as a flow (in fact for the congestion case

perhaps more so). The production function is given by:

Equation 2. 33 Y = AKG}{;

where Gy is the stock of public capital.

The stock of productive government capital is assumed to evolve with investment in

public capital, I, and decreases with depreciation.**

Equation 2., 34 Gys =1, - 0G,

The resource constraint of the economy changes so that it includes government
investment, I, rather than the flow of government expenditures Gy.

Equation 2. 35 Y=C+ I+ 15

The receipts from taxation fund investment in the stock of public goods and the

government budget constraint must be altered to account for this.

Equation 2., 36 I, =T1.

Utility is maximised in the usual manner and the balanced growth rate of

consumption is given as:

1

- _[AG," -6-p].
—d-o)i-%)" g

Equation 2, 37 Yc

The steady state growth equation is of an identical form to that when expenditures

are modelled as a flow into the production function.” Increases in the stock of

# We assume for simplicity that the rate of depreciation of the public capital stock is equal to the rate
of depreciation of private capital. Changing this assumption would have no consequential impact on
the results.
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public goods have a positive but diminishing effect on the steady state rate of
growth as 1n Figure 2.2, The new element of the model from the stock of public
capital goods reads in the transitional dynamics. The empirical tests contained

within this thesis rely on being able to distinguish between the steady state
predictions of the neoclassical and endogenous growth models rather than the

transitional dynamics and hence these are felt to lie outside the remit of this thesis

and are omitted.*

Multiple Forms of Productive Government Expenditures

Devarajan, Swaroop & Zou (1996) develop the Barro (1990) model to allow

multiple forms of productive goods to enter the aggregate production function. The

single productive expenditure term used by Barro (1990) assumes that a £1 increase
In any category of government expenditure has an identical effect on the rate of

growth. Empirical evidence against such an assumption can be found in Devarajan

et al. (1996).

Output is produced using C-D production technology”’ and for simplicity there are
only two differentiated forms of public goods Gy, and Gy, (still in non-rival, non-

excludable form):

Equation 2. 38 Y = AKG},G7,

This formulation of productive government expenditure allows for a richer
description of the relationship between the rate of growth and government

expenditure as the elasticity parameters on government expenditure are no longer

constrained to be identical, f=A. The government is assumed to fully finance

expenditure on Gy; and Gy, through lump-sum taxation, and to be balanced at every

moment in time.

* This does not mean that the steady state rate of growth is identical as this depends on the value of

Gy and Gg, and the value of the elasticity parameter, £, in each model.

*® See Glomm & Ravikumar (1994, 1997) and Futagami et al. (1993) for details.

*’ Devarajan, Swaroop & Zou (1996) use a constant elasticity of substitution (CES) production
function.
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Equation 2. 39 r=(G =G, +G,,

Using Gy7=¢Gy and Gy=(1-¢$)Gy in equation (2.38) (where ¢ equals the proportion
of each expenditure in the budget) and maximising household utility leads to the

following equation for the steady state growth rate of consumption:

1

= ————[A[¢G, ) [1-$)G,] -6 - p]
1-(1-0)(1-6)[ 4Gy 17[A-9)Gy ] p

Equation 2. 40 Y

Both forms of government expenditure affect the rate of growth through the marginal

product of capital, but their relative effect depends upon the relative productivity of

Gyj and Gy (given by the elasticity parameters S and ») and their relative budget

shares, ¢ and (1-¢).% Gy7 can be thought of as having a greater relative productivity
than Gy» if the change in the rate of growth from a change in Gy], oy/oGy], 18
greater than the change in the rate of growth from a change in Gy, 0y/0GY?
(holding total government expenditure constant). Given that Gyj=¢Gy and Gy2=(I-
#)Gy, Gyy is said to be relatively more productive than Gy? if 6y/0¢ > 0. For a

Cobb-Douglas production function this can be shown to be the case when:

Y
1-¢

Equation 2. 41

£
¢

If Gy has a greater elasticity value than Gy (8> 7) then the rate of growth may
still not be increased if the expenditure share of Gy to Gy? is currently too high.
This suggests tilllat changing the mix of expenditures is as important for the growth
rate as changes to the level of expenditure. Equation (2.42) gives the condition for

the mix of productive expenditures to be at its optimum:*

* Devarajan, Swaroop & Zou (1996) describe G, and G, as either productive or un-productive
expenditure depending whether the effect on growth from changing the mix of expenditure (holding
total expenditure constant) is either positive or negative. This definition contrasts with the distinction
between productive and non-productive expenditure used here. Under the definition of productive
expenditures used here both expenditures are described as being productive because they are both
used as inputs in private production. They therefore differ in terms of their relative productivity only.
* Devarajan et al. (1996) provide a general condition from the N productive expenditure good case.
An increase in expenditure i financed by a decrease in expenditure j is positive if the following
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L.
y

Equation 2. 42 —?L'
1-¢

If this is not met then the growth rate may be increased by adjusting the components

of expenditure and without having to increase total expenditure. Figure 2.4

demonstrates this graphically. The maximum of the line corresponds to the point

B

1-¢ ¥

where

p__¢

y 1-¢

Figure 2. 4 Growth Effects of Changes in the Mix of Productive Government Expenditures in an
‘AK’ Endogenous Growth Model

2.5 Two-sector Models with Government Expenditure

The 1nclusion of productive government expenditure 1n a two-sector endogenous

growth is no more complex than the equivalent one-sector case.” The models behave

2

condition is met =~ > —=, where p is the elasticity parameter in a C-D production function and ¢ is

$ 9;

the budget share.
** We note, as in Devarajan et al. (1996), the problem with using the Cobb-Douglas production

function to describe the case of multiple productive expenditures. The budgetary share of either form
of expenditure, ¢, cannot be allowed to be equal to zero or one because of the effect that this has on
total output. While this is obviously a restriction on the use of the Cobb-Douglas production function
we retain its for the purposes of demonstration as it provides useful insights into the workings of the
model and we suggest the reader consults the original text for a more alternative treatment of multiple
productive goods.

*! The results for non-productive government expenditures do not change when we develop the
analysis to the two-sector model and so we omit them for ease.
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in the steady state in a similar fashion to the one-sector ‘AK’ models.*® The use of

lump-sum taxation results in a constant level of government expenditure in the steady

state and therefore it cannot provide the engine for growth. These models are not

simply an extension of the one-sector education model described above because the
accumulation of human capital is now a decision of households rather than

government policy.™ The two-sector framework has the appealing feature of enabling

us to model the accumulation of human capital under an alternative technology to
private output and therefore to differentiate between expenditures which affect
human capital accumulation (education and health being obvious examples) from
those which aid private production (such as transport and communication). The main
determinant of the behaviour of the steady state is the accumulation of physical and
human capital changes in government expenditures, which are equivalent to changes

In the level of technology (a change in the value of the technology parameters A and

B).

The two-sector model we describe simply adds government expenditures to the

model of Chapter 1 (Section 1.2.4) where the production of aggregate output and

human capital sector are given by the following equations:

Equation 2. 43 Y = C+K+8K +G = A(JG, )" (VK)* (uH)"™

Equation 2. 44 ].{ +6H = B[(1 - Q)GY ]ﬁz [(1-v) K]”[(l ~u) H]I-rz

B, and £, are the elasticity parameters of output with respect to public goods and ¢

and I- ¢ the budget shares allocated to each public good. Both sectors display

*2 The lack of examples of this type of model within the literature have more to do with the problems
of endogenising the rate of growth in the two-sector sector models if we allow for distortionary taxed
financed increases in productive expenditure. More of this issue 1s made in Chapter 4.

> The ‘mathematical tricks’ used by Krichel & Levine (1995), or Capolupo (1996) to retain the one-
sector framework do not work here because the accumulation of human capital is made part of the

household decision.
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constant returns to human and physical capital in production, and for this reason K

and H grow at identical constant rates in the steady state.*

Utility is maximised in the usual manner (taking government expenditure as given)

and the time path of consumption does not look unusual in comparison to those

described above:

1

Equation 2. 45 Ve = W

[AQG, ) 1 -6 - p).

If, as happens, H and K grow at identical rates in the steady state then the marginal
product of physical capital is constant and the economy exhibits a sustainable rate of
growth.” The transmission mechanism by which public goods affect the steady state
1s identical to the one-sector case. An increase in public goods in the production
sector (a change in Gy,) acts like a once and for all increase in the technology
parameter in the private goods sector, A; whereas an increase expenditures on public
goods in the human capital accumulation sector, G,,, acts like a once and for all
Increase in the technology parameter B. These results can be seen in the equations

describing the growth of human and physical capital (equations (2.46) and (2.47)).

. H C G

o 7e = APOVER) T Tk

’ 1“”)H -
Equation 2. 47 = BB 1—9652 ]1- g------“’-é'
quau Y H [( )G ] ( v)[(l-v)K]

There are therefore, both direct and indirect effects from changes in expenditure on

public goods. The optimal provision of public goods to each sector occurs when the

** Because productive expenditure acts like a once for all increase in technology productive
expenditure still to help to determine the steady state growth even when we use extreme forms of the

production of human capital, such as Lucas (1988). In Lucas (1988) the production of human capital
depends linearly on H, the rate of growth of human capital (without productive goods) is given by

H+ 0H = B(1-u)H . The effect of public goods in this model is independent of the technology of

the human capital sector.
** ¢G is constant because we use lump-sum taxation and do not allow any adjustment to 7.
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marginal product of public goods is equated across both sectors of the economy,

shown by equation (2.48):

Equation 2. 48

MPy, = MPyy, = B,A($Gy)>™ (VK)* (uH)'"™* = B, B[(1- $)Gy (1= V)K]'[(1 - w)H]""
Congested Public Goods

The basic result from the congested good case is the same result as that for the one-

sector model, namely that the steady state growth rate is independent of public

goods. The steady state rate of consumption in the economy is given by:

1

T L (1-a) -0 -
Caaap T 0

Equation 2. 49 Ve =

An increase in government expenditure still acts like a one-off gain in technology but
affects the steady state rate of growth only temporarily. As the level of output grows

in the economy the congestion of the available stock of public goods (the ratio G/Y

falls) and the steady state rate of growth is given by A[—-—-—-—-—]“"’) 6 - p which is

independent of the congestion of public goods.

2.6 Conclusions

The principal difference between the effects of government policy in the neoclassical
and endogenous growth models is that only in the endogenous growth models do
government expenditures affect the growth rate. However, not all categories of
government expenditure are predicted to affect the steady state in endogenous growth

models. Growth effects occur only if the expenditures affect the supply side of the

model and are not subject to congestion.

Figure 2.5 lists the necessary assumptions which need to be made for government

expenditures to affect the growth rate, the symbol ‘v’ indicating where the
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expenditure variable has a significant effect on the growth rate, ‘X’ where the effect is
insignificant and ‘-” where the expenditure is not relevant to that part of the model.
For example, government consumption expenditure is non-effective in both the

neoclassical and endogenous growth models and as it does not affect private sector

production 1t 1s not relevant to that part of the model.

Type of Model Neoclassical | Endogenous

E— e
Y¢s NO

. Expend_iture,Affccts
| Production
- -éongested ) | Yes NoO NoO
B Public Goods

R 4 v
X

Growth | Consumption X o ]
tiiect fromy |- s s, I |
Expenditure | Productive | X X Vv L

Figure 2. 5: Summary of the Assumptions Necessary for Government Expenditures to Atfect the
Steady State Growth Rate in Models of Economic Growth

The government’s expenditures are constrained to be financed solely by lump-sum
taxation in this chapter and by implication the level of government expenditure 1s

constant in the steady state. Public expenditures are then not sufficient to provide the
engine to growth and endogenous growth must be made an assumption through
constant returns to capital. Lump-sum taxes are used because they do not distort the
decisions of private agents in the model (this result is robust to changes in the
household preference function or firms” production functions) which allows the

growth effects of expenditure to be decoupled from those of taxation.

At an 1nitial level we can classify expenditures as either atfecting the production or
consumption sectors of the model. In both the neoclassical and endogenous growth
models changes in the level of productive government expenditure are equivalent
changes in the level of technology. In the neoclassical model the effect on growth is

temporary whereas in the endogenous growth model it 1s permanent. The relationship
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between the level of productive expenditures and the rate of growth is positive but
non-linear because of diminishing marginal returns. Expenditures which are included
on the consumption side of the model (non-productive expenditure) do not affect the
form of the equation describing the growth of consumption (the Euler equation) nor

the steady state rate of interest.

Barro (1990) assumes that productive goods directly affect production as a tlow of
goods and services; are produced using identical technology to the private sector; and
that each category of expenditure has an equivalent effect on output. Developments

of the Barro model in the literature have concentrated on changing the set ot
characteristics of expenditures. * However, the requirement of constant returns to
capital at the aggregate level (to endogenise the growth rate) means that much ot this
work relies on fairly specific assumptions about the nature of public goods or the
technology used in the production of either public goods or human capital. As Sala-i-
Martin (1997) writes “a good theorist could make almost any variable affect the level
of technology ....as a result, he could make almost any variable look like an
important theoretical determinant of the rate of economic growth.”™ The same
appears to apply here. The behaviour of the steady state growth rate is therefore

virtually identical under all different combinations of characteristics because of this

need.

The one caveat to the result from the endogenous growth model is when productive
expenditures suffer from congestion. Even in the presence of endogenous growth,
public expenditures will not affect the steady state if public goods are congested (and
financed by lump-sum taxes). As time (and therefore output) tends to infinity the
benefit of public goods to firms’ production approaches zero and the steady state
growth rate is independent of public expenditures. The transition to the steady state
would still be affected by public expenditures (as in the neoclassical model), the

speed depending on the elasticity of output parameter with respect to public goods

* These additions concentrate on productive forms of expenditure. We could perform the same
exercise for non-productive expenditures but given that they have no cttect on the steady state growth
rate such a description 1s valueless.

" Sala-i-Martin (1997) pp. 2-3
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(In Glomm & Ravikumar (1994, 1997) and Turnovsky & Fisher (1997) also on the

degree of congestion).

The behaviour of public expenditures in the growth models discussed provide several
hypothesis with which to test in the empirical section of the thesis. The first is

whether a significant relationship exists between the long run rate of growth and
government expenditures.™ If government expenditures are found to have a

significant effect on the long run rate of growth of a country then this would provide

' . ‘ 19
evidence in favour of the endogenous growth models over neoclassical models.

The second would be that the estimated coefficients on forms of expenditure thought
of as affecting household utility are insignificantly different from zero; whereas those
expenditures which affect production have statistically significant positive
coefficients.” Estimated coefficients displaying these properties would provide

evidence that the separation of expenditures into consumption and production

atfecting is sufficient to describe their effect on the rate of growth. If all categories of
expenditure are estimated as having positive coefficients then it could be argued that
the endogenous growth model is not a complete representation of the growth process

and the production and consumption sectors have a greater inter-relationship than
that described presently. It also follows from these results that for a given level of

expenditure changing the mix of expenditures will have an effect on the rate of
growth. Increased (decreased) expenditure on productive government goods and

services financed through decreased (increased) expenditure on non-productive

* Whether the estimated coefficient on a expenditure variable is statistically significantly different
from zero.

" We assumed for simplicity that the rate of growth of technological progress and the labour force
was constant. If government expenditures help to determine either of these growth rates then the
predicted insignificant relationship between government expenditures and the rate ot growth in the
neoclassical model would no longer exist. We overcome this problem in the text by describing this
case as an endogenous growth model (because public policy 1s an endogenous variable). In an
cmpirical setting we could overcome this problem if we could find evidence of a significant
relationship between growth and public expenditures in the presence of technological change or the
growth of the labour force.

" Evidence of statistically significant negative coefficients would provide evidence 