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Summary

The development of endogenous growth theory has provided many new insights into
the sources of economic growth. The essence of the new theory is that growth is a
consequence of rational economic decisions. Firms expend resources on research and
development to secure profitable innovations. Consumers invest in education to
develop human capital and increase lifetime earning. Governments increase growth
by providing public inputs, encouraging foreign direct investment, and enhancing
educational opportunities. Through the aggregation of these individual decisions the
rate of growth becomes a variable of choice, and hence a variable that can be affected
by the tax policies of governments.

Viewed from an endogenous growth perspective the link between taxation and
growth seems self-evident. Corporate taxation affects the return to innovation and
hence must affect the optimal amount of research and development. Personal income
taxation reduces the returns to education so must reduce the accumulation of human
capital. In simulations of economic growth models the effect of taxation on growth
has frequently been demonstrated to be considerable. A clear presumption exists that
data on economic activity must reveal a strong correlation between taxation and
growth.

It is therefore surprising to discover that aggregate data provides no
convincing of this correlation. There are numerous explanations for this finding,
including the difficulty of disentangling the positive effect of government expenditure
from the negative effect of the taxes used for financing. Whatever the explanation
may be, the implication is that the tax effect must be sought in the micro data on
individual decisions.

The econometric analysis of individual decisions has made major advances in
recent years. The availability of detailed data sets and developments in methodology,
not least the exploitation of natural experiments, has allowed for much refined
estimates of behavioral responses. Empirical estimates of the responsiveness of
decisions to government policies, typically summarized in elasticities, can now be
accepted with a degree of confidence. In all of the decisions relevant for growth - such
as physical and human capital investment, and research and development - published
studies are returning statistically significant estimates which are consistent in their
values.

A summary of the current position is that the elasticities of each of the
individual components of growth are known with a degree of certainty. What is not
clear is how these individual elasticities aggregate into an overall effect. Theoretical
models predict that they should be significant but the effects are not apparent in the
aggregate data. To confirm the link between taxation and growth future research must
integrate the individual effects into an overall picture. This appears to be a
considerable challenge.
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Chapter 1: Introduction

J Importance of economic growth
o Organization of report
J Policy and economic growth

J The algebra of growth

1.1 Economic Growth

Economic growth is the basis of increased prosperity. Growth comes from the
accumulation of capital (both human and physical) and from innovations which lead
to technical progress. Accumulation and innovation raise the productivity of inputs
into production and increase the potential level of output.

The rate of growth can be affected by policy through the effect that taxation
has upon economic decisions. An increase in taxation reduces the returns to
investment (in both physical and human capital) and Research and Development
(R&D). Lower returns mean less accumulation and innovation and hence a lower rate
of growth. This is the negative aspect of taxation. Taxation also has a positive aspect.
Some public expenditure can enhance productivity, such as the provision of
infrastructure, public education, and health care. Taxation provides the means to
finance these expenditures and indirectly can contribute to an increase in the growth
rate.

In most developed countries the level of taxes rose steadily over the course of
the twentieth century: an increase from about 5%-10% of gross domestic product
(GDP) at the turn of the century to 30% - 40% at the end is typical. Such significant
increases raise serious questions about the effect taxation has upon economic growth.
This does not imply that it is straightforward to infer the effects of taxation from
aggregate economic data. The positive and negative effects of taxation will be
mutually offsetting and only the net effect (which may be very small) will be
observed.

Until recently, economic models that could offer insight into how to proceed
beyond aggregate data were lacking. Much of the literature on economic growth
focused on the long-run equilibrium where output per head was constant or modelled
growth through exogenous technical progress. By definition, when technical progress
is exogenous it cannot be affected by policy. The development of endogenous growth
theory has overcome these limitations by explicitly modelling the process through
which growth is generated. This allows the effects of taxation to be traced through the



economy and predictions made about its effects on growth. This report describes these
models and the recent empirical evidence on the size of the tax effect.

1.2 Structure of Report

The question upon which this report focuses is how tax policy affects growth. To
answer this it is first necessary to understand what determines the rate of growth. As a
consequence this review takes several approaches to answering this question. Not all
of them are directly connected with taxation but they are all connected with obtaining
insights into the growth process. Sometimes to understand the details (i.e. taxes) it is
necessary to understand the generalities first.

This report is divided into four main parts. Following this introduction Part 2
describes the key models of economic growth. These are included to make the report
self-contained and to provide a context in which to locate the review of empirical
research. Exogenous growth models are reviewed in Chapter 2 and endogenous
growth models in Chapter 3. Particular emphasis is given to the channels through
which endogenous growth can arise. Identifying these is essential to tracing the
numerous routes through which the tax system can interact with the growth process.
This part also notes the influential result that in the long-run it is optimal to have a
zero tax on capital. This result plays a key role in understanding the motivation for the
tax reform simulations that have been conducted in endogenous growth models. A
summary of this line of analysis is provided in Chapter 4. The chapter first reviews
the simulation of basic endogenous growth models with human capital accumulation
and then proceeds to simulation results in a wide range of models. This analysis is
intended to clarify the effect that taxation may have and to provide a point of
reference for the empirical research.

The next two parts focus upon empirical research and are the central
components of the report. Part 3 focuses on the analysis of growth using aggregate
economic data. Chapter 5 provides a review and discussion of the extensive literature
on growth regressions that flourished following the influential work of Barro (1991).
These regressions aim to identify the correlation of growth with a wide range of
economic, political, and social variables. The interpretation of the results proved fairly
controversial though the ultimate message of this line of work now seems clear.
Chapter 6 then reviews regressions that focus upon taxation and measures of
government size as explanatory variables in growth regression. Again there has been
much contention concerning the interpretation of these results. Ultimately, it can only
be concluded that these growth regressions have provided little in the way of insight
into the sources of economic growth or the link between taxation and growth. Chapter
7 reports the results of exercises in growth accounting. This is a method for evaluating
the contribution of each of the growth components to total growth. It has been used to
provide interesting insights into the extent to which countries have differed in their
paths to growth. Growth accounting also provides guidance on the elements that are
likely to be most important when the effect of taxation is considered.

The failure of the aggregate analysis to produce results provides the
motivation for considering disaggregate analysis of the individual components of the
growth process. The economic literature contains an extensive range of endogenous
growth models that describe a variety of components of the growth process. Part 4 of
the report reviews the empirical literature using disaggregated data. Chapter 8 then



reviews empirical research that has studied the effect of policy on a range of personal
choices that are related to growth. Chapter 9 analyzes the relation between corporate
choices and taxation. This part is concluded with Chapter 10 that brings together some
observations from country studies of tax reform and economic growth.

Part 5 gathers together some reflections on the material surveyed and
discusses possible future research directions. More importantly it provides a
discussion of what seem to be the most important areas for policy given the empirical
research that is reviewed.

1.3 Taxation and Growth

It is worth making a simple but important observation at the outset. This observation
is that the effect of a tax upon the growth rate of output is determined by two separate
components.

Let the growth rate of output, gy, be defined by

gy = gy () ay (1)), (1)

where a; and a, are two actions (e.g., R&D expenditure and education) and the ¢;,
i=1,2 are two taxes (or the levels of some other policy instrument). Then the effect
of the tax is

agy _ 0gy da;
dt;  Oa; dt;,

(2)

Now even if the tax has a significant effect on the action, so that da;/dt; is
large, it need not have a significant effect on growth if 0gy /0a; is small. Conversely,
even if the effect on the action is small, the growth effect can still be large if dgy / Oa;
is large.

The consequence of this is that countries need not be alike in the response to
taxation. Even if the economic agents behave in the same way (i.e., all reduce their
human capital investment in the same way when income tax is raised) the effect on
growth may not be the same. If countries are structurally different - perhaps some rely
on human capital accumulation for growth whereas others focus on R&D - then the
same tax policy may have very different growth consequences.

Hence understanding the effect of taxation requires understanding both of
these components. Looking at the tax responses is not enough. The tax elasticity is
only one part of the story. This is the reason why it is important to understand the
channels through which growth originates and why it is not enough to just study
components individually.

This report will conclude that fairly firm estimates of the tax effects da; /dt;

are available in the literature and, where they do not exist, there is an established and
successful methodology for obtaining them. What does not seem to exist is

knowledge of the growth effects Ogy/0Oa;. There are numerous theoretical



predictions but the empirical literature has been unsuccessful in obtaining convincing
estimates.

Appendix on Calculating Growth Rates

A number of results concerning the definition of growth rates and the manipulation of
growth rates are used in this report. This appendix provides a self-contained summary
of these results.

The growth rate of GDP can be measured in either discrete time or in
continuous time. In discrete time the level of output at time ¢ is denoted Y,. In

continuous time the level of output at zis Y (t)

In discrete time the change in output between times ¢ and ¢+1 is
AY =Y, ,,—Y,;. This can be used to define the proportional rate of growth of output as

Y ,-Y AY
e »
: Y,
In continuous time the rate of change is
. dY
=—, 4
o “
so the proportional rate of growth is
dy/dt Y
= =_. 5
8y % % (5)
Observe that by the chain rule of differentiation
din(Y) 1dY
= = . 6
a va 2 ©

This result is useful for two reasons. First, it allows development of
expressions for per capita growth levels. GDP per capita is given by Y/L, where L is
population size, so

din(Y/L)

8y/L = Jdt

=gy —&r- (7)



Hence the growth rate of GDP per capita is equal to the growth rate of GDP
less the growth rate of population. Second, it allows decomposition of aggregate
growth into a set of contributory factors. Let the aggregate production function have
the Cobb-Douglas form

Y = AK“L[% . (8)
Then

In(Y)=In(4)+aIn(K)+(1-a)in(L), (9)
50

gy =g +agg +(1-a)g; . (10)

The factors K and L contribute to growth according to their shares in the Cobb-
Douglas production function.

The division of aggregate growth into the contributions from different factors
generalizes to any production function of the form

Y=AF(K,L). (11)
Differentiating both sides and dividing by gives

1dY AOF 1dd KOoF 1 dK LOF 1dL
S R (12)

Ydi YOAAdi YOKK di YOLLdt’

or
gy =0 84 +taxgx +A1 &> (13)
where
z OF
o, =—"—. 14
:T Y 5 (14)

The analogue of the continuous growth rate can be calculated from data by
using

gr = (n(x,)~1n(¥; ). 13)

where Y, is a base year and ¢ is the time from O to ¢. Finally, the annual percentage
growth rate (AGR) averaged over a period of years is defined by

AGR = {exp(% (In(Y, )~ 1In(¥, ))j - 1} x100. (16)

This is the growth rate used in many of the growth regression.
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Chapter 2: Exogenous Growth

e  The Solow model describes growth through capital accumulation

. The model predicts convergence to a steady state

. Output per capita in the steady state is determined by the saving rate

. Increases in output are obtained only through technological innovation
. The development of technology is not explained by the model

J The taxation of capital is inefficient

2.1 Introduction

The exogenous growth theory that developed in the 1950s and 1960s viewed growth
as being achieved by the accumulation of capital, and increases in productivity
achieved via technical progress. The theory generally placed its emphasis upon capital
accumulation, so the source of the technical progress was not investigated by the
theory. It was assumed instead to arise from some outside or exogenous factors.

The standard form of these growth models was based upon a production
function that had capital and labour (with labour measured in man-hours) as the inputs
into production. Constant returns to scale were assumed, as was diminishing marginal
productivity of both inputs. Given that the emphasis was upon the level and growth of
economic variables, rather than their distribution, the consumption side was modelled
by either a representative consumer or a steadily growing population of identical
consumers.

The simplest of these growth models assumes that both the rate of saving and
the supply of labour are constant. This model is a special case of the general Solow
growth model. Although the assumption of a constant saving rate eliminates issues of
consumer choice, the model still reveals important lessons about the limits to growth
and the potential for efficiency of the long-run equilibrium. The key finding is that if
growth occurs only through the accumulation of capital, there has to be a limit to the
growth process if there is no technical progress.

The fact that there are limits to growth in an economy when there is no
technical progress can be most easily demonstrated in a setting in which consumer
optimization plays no role. Instead, it is assumed that a constant fraction of output is
invested in new capital goods. This assumption may seem restrictive but it allows a
precise derivation of the growth path of the economy. The basic model has also been



used to motivate much empirical work. In addition the main conclusions relating to
limits on growth are little modified even when an optimizing consumer is introduced.

2.2 Solow Growth Model

Consider an economy with a population that is growing at a constant rate. Each
person works a fixed number of hours and capital depreciates partially when used.
There is a single good in the economy which can be consumed or saved. The only
source of saving is investment in capital. Under these assumptions, the output that is
produced at time ¢, Y,, must be divided between consumption, C,, and investment,

1, . In equilibrium, the level of investment must be equal to the level of saving.

With inputs of capital K, and labour L, employed in production, the level of
output is

Y, =F(K,.L,). @.1)

It is assumed that there are constant returns to scale in production. Output can be
either consumed or saved. The fundamental assumption of the model is that the level
of saving is a fixed proportion s, 0 <s < 1, of output. As saving must equal investment
in equilibrium, at time ¢ investment in new capital is given by

I, =sF(K,,L,). (2.2)

The use of capital in production results in its partial depreciation. Assume that this
depreciation is a constant fraction J, so the capital available in period 7+1 is given
by new investment plus the undepreciated capital, or

K =1,+K,
=sF(K,,L,)+(1-9)K, . (2.3)

This equation is the basic capital accumulation relationship that determines how the
capital stock evolves through time.

The fact that the population is growing makes it preferable to express variables

in per capita terms. This can be done by exploiting the assumption of constant returns
to scale in the production function to write Y, = L F (K L)) = Lf (k,) where

k, =K, /L, . Dividing (2.3) through by L,, the capital accumulation relation becomes
) (1 —0 )K t

Kt+1
=sfk, )+
L= (%, L

(2.4)

Denoting the constant population growth rate by n, labour supply grows
according to L, | = (1 + n)Lt. Using this growth relationship, the capital accumulation

relation shows that the dynamics of the capital/labour ratio are governed by

(1+n)k, .y = sf(k,)+(1-O)k, . (2.5)



The relation in (2.5) will trace the development of the capital stock over time from an
initial stock ky =K, /Ly. To see what this implies, consider an example where the
production function has the form f(k,)=k”. The capital/labour ratio must then
satisfy

sk® +(1- 6k,

1+n (2-6)

ki1 =
For ky=1, n=0.05, 6=0.05, s=0.2 and a=0.5, Figure 2.1 plots the first 50
values of the capital stock. It can be seen that starting from the initial value of kj; =1

the capital stock doubles in 13 years. After this the rate of growth slows noticeably
and even by the 50th year it has not yet doubled again. The figure also shows that the
capital stock is tending to a long-run equilibrium level which is called the steady state.
For the parameters chosen, the steady state level is £ =4 which is virtually achieved at
t = 328, though the economy does reach a capital stock of 3.9 at r = 77. It is the final
part of the adjustment that takes a long time.
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Figure 2.1: Dynamics of the Capital Stock

The steady state is achieved when the capital stock is constant with &, =k, .

Denoting the steady state value of the capital/labour ratio by k, the capital
accumulation condition shows that k must satisty

(1+n )k =sf(k)+(1-5)k, (2.7)
or
sf(k)—(n+8)k=0. (2.8)

The solution to this equation is called the steady state capital/labour ratio and can be
interpreted as the economy's long-run equilibrium value of £.



The solution of this equation is illustrated in Figure 2.2. The steady state
occurs where the curves sf(k) and (n+0)k intersect. If this point is achieved by the
economy, the capital/labour ratio will remain constant. Since & is constant, it follows
from the production function that Y, /L, will remain constant as will C,/L,, where

C, is aggregate consumption at time ¢. (However, it should be noted that as L is

growing at rate n, then the values of ¥, K and C will also grow at rate » in the steady
state.) It is the constancy of these variables that shows there is a limit to the growth
achievable by this economy. Once C,/L, is constant, the level of consumption per
capita will remain constant over time. In this sense, a limit is placed upon the growth
in living standards that can be achieved. The explanation for this limit is that capital
suffers from decreasing returns when added to the exogenous supply of labour. If
excessive capital is employed the return will fall so low that the capital stock is unable
to reproduce itself.

Output

Consumption _—
AN

k Capital

Figure 2.2: The Steady State

Although no policy variables have yet been included, this analysis of the
steady state can be used to reflect on the potential for economic policy to affect the
equilibrium. Studying Figure 2.2 reveals that the equilibrium level of £ can be raised
by any policy that engineers an increase in the saving rate, s, or an upward shift in the
production function, f (k) However, any policy that leads only to a one-off change in
s or f (k) cannot affect the long-run growth rate of consumption or output. By
definition, once the new steady state is achieved after the policy change, the growth
rates of the per capita variables will return to zero. Furthermore, any policy that only
increases s cannot sustain growth since s has an upper limit of 1 which must
eventually be reached. If policy intervention is to result in sustained growth it has to
produce a continuous upward movement in the production function. A mechanism
through which policy can achieve this is studied in Section 3.4.

2.3 Technical Progress



A means for growth to be sustained without policy intervention is to assume that
output increases over time for any given levels of the inputs. This can be achieved
through labour or capital (or both) becoming more productive over time for
exogenous reasons summarized as “technical progress”. A way to incorporate this in
the model is to write the production function as f (k,t), where the dependence upon t
captures the technical progress which allows increased output. Technical progress
results in the curve f (k,t) in Figure 2.2 continuously shifting upwards over time,
thus raising the steady state levels of capital and output. The drawback of this
approach is that the mechanism for growth, the “growth engine”, is exogenous so
preventing the model from explaining the most fundamental factor of what determines
the rate of growth. This deficiency is addressed by the endogenous growth models of
the next chapter that explore the mechanisms that can drive technical progress.

Returning to the basic model without technical progress, condition (2.8) shows
the steady state capital/labour ratio is dependent upon the saving rate s. This raises the
question as to whether some saving rates are better than others. To address this
question, it is noted first that for each value of s there is a corresponding steady-state
capital/labour ratio at the intersection of sf(k) and (n+8)k. It is clear from Figure
2.2 that for low values of s, the curve sf(k) will intersect the curve (n+J)k at low
values of k. As s is increased, sf (k) shifts upwards and the steady state level of &k will
rise. The relationship between the capital/labour ratio and the saving rate implied by
this construction is denoted by & = k(s). The construction shows that k =k(s) is an
increasing function of s up until the maximum value of s =1.

Taking account of the link between s and £, the level of consumption per
capita can be written

cfs)=(1=5) (k(s))= f(k(s))—(n + S)k(s) (2.9)

where the second equality follows from definition (2.8) of a steady state. What is of
interest are the properties of the saving rate that maximizes consumption. The first-
order condition for defining this saving rate can be found by differentiating c(s) with

respect to s. Doing so gives

) [ k(5 o+ ST (5)=0. @10

Since k'(s) is positive, the saving rate, s", that maximizes consumption is defined by

£kl )= (n+9). @.11)

The saving rate s~ determines a level of capital k= k(s*) which is called the Golden
Rule capital/labour ratio. If the economy achieves this capital/labour ratio at its steady
state it is maximizing consumption per capita.

The nature of the Golden Rule is illustrated in Figure 2.3. For any level of the
capital/labour ratio, the steady state level of consumption per capita is given by the
vertical distance between the curve (n+dJ)k and the curve f(k). This distance is

maximized when the gradient of the production function is equal to (7+&) which



gives the Golden Rule condition. The figure also shows that consumption will fall if
the capital/labour ratio is either raised or lowered from the Golden Rule level. An

economy with a steady-state capital stock below the Golden Rule level, K, is
dynamically efficient - it requires a sacrifice of consumption now in order to raise k
so a Pareto-improvement cannot be found. An economy with a capital stock in excess

of k is dynamically inefficient since immediate consumption of the excess would
raise current welfare and place the economy on a path with higher consumption.

Output
(k)
Consumption (n+6)k
N
\
k' Capital

Figure 2.3: The Golden rule

As an example of these calculations, let the production function be given by
y=k%, with @ <1. For a given saving rate s the steady state is defined by the
solution to

sk =(n+0)k. (2.12)

Solving this equation determines the steady state capital/labour ratio as

1/(1~a)
Kk :( i 5) . Using this solution, the per capita level of consumption follows
n+

as

o(s") = (k)“ —(n+8)"

P a/(l-a) P 1/(1~a)
:[n+§] _(n+5)(n+5j | (2.13)

Adopting the parameter values n=0.025, 6 =0.025 and «a =0.75, the level
of consumption is plotted in Figure 2.4 as a function of s. The figure shows that
consumption rises with s until the saving rate is reached at which the equilibrium
capital stock is equal to the Golden Rule level and then falls again for higher values.
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Figure 2.4: Consumption and the saving rate

Formally, the fact that the saving rate is fixed leaves little scope for the
analysis of policy. However, studying the effect of changes in the saving rate reveals
the factors that would be at work in a more general model in which the level of saving
is a choice variable that can be affected by policy variables. By definition, the per
capita levels of the variables are constant once the steady state has been achieved. The
living standards in the economy reach a limit and then cannot grow any further unless
the production function is continually raised. Changes in the saving rate affect the
level of consumption but not its growth rate.

2.4 Convergence

The Solow model has a further implication that is important for understanding the
outcome of the growth regressions described in Chapter 5. This is the property of
convergence between countries.

The steady-state level of per capita income depends only upon the saving rate.
As a consequence, two countries that have access to the same production technology
and have the same saving rate must eventually converge to the same steady-state level
of per capita income. Since there are decreasing returns to the accumulation of capital
an additional unit of capital added to the stock of a low-capital country will lead to a
greater increase in output than an additional unit added to the stock of a high-capital
country. Along the transition path to the steady state countries with low capital-labour
ratios must grow faster than countries with high capital-labour ratios. This is the only
way in which they can ultimately arrive at the same steady state. Hence, cross-country
data on growth and output levels can be expected to show that the rate of growth is
inversely related to the capital-labour ratio. If there is trade between economies the
rate of convergence should be faster than without. A country with a low capital-labour
ratio will offer a higher return to capital so should attract investment. This will cause
quicker growth in the capital stock and hence faster convergence.



A formal demonstration of convergence can be given as follows. The change
in the capital stock with respect to time in the Solow growth model is

k=sf(k)-(n+0)k, (2.14)

so the growth rate of the capital stock is

k k
k=;=sz()—(n+5). 2.15)
Therefore
Ogk _s( _Lk)j
ak—k(f(k) <0 (2.16)

This result shows that the higher the level of capital the slower is the rate of growth.

Consider two countries that differ in their capital stocks but are otherwise
identical. From (2.16) the country with the lower capital stock — and consequently
lower output - will grow faster. This is termed absolute convergence (or absolute S

convergence). The data suggest that absolute convergence does not apply when a
large number of heterogeneous countries are considered but is a characteristic for a
more homogeneous set of countries or regions (see Barro and Sala-i-Martin, 1995).

A weaker concept of convergence is conditional convergence (or conditional
f convergence). If countries differ in underlying parameters then their steady states

will also be different. Conditional convergence is the proposition that countries
further from their own steady state grow faster.

2.5 Tax Policy

The Solow model with a constant saving rate leaves little role for tax policy to affect
the rate of growth. The saving rate could be made variable but there would still be a
limited number of economic choices that can be taxed in the Solow framework.
Consequently the appendix to this chapter analyses optimal taxation in the more
general Ramsey model of growth. This model assumes a single consumer but
endogenizes the choice of consumption, labour supply, and investment. This permits
taxation to distort the decisions on consumption (hence saving), labour, and
investment.

The central result of the tax analysis is the Chamley (1986) and Judd (1985)
finding that in the long-run the optimal tax on capital income should be zero. This
result is easily interpreted. Firstly, note that the result does not say that the tax should
be zero along the growth path to the steady state - it is derived assuming the economy
is in the steady state so applies only to that situation. This does not prevent the tax
being positive (or negative) along the growth path. Secondly, the zero tax on capital
income implies that all taxation must fall upon labour income. If labour were a fixed
factor this conclusion would not be a surprise, but here labour is a variable factor.
Finally, the reason for avoiding the taxation of capital is that the return on capital is
fundamental to the intertemporal allocation of resources by the consumer and because
of the intertemporal structure the consequences of the distortion accumulate over



time. The result shows that it is optimal to leave this allocation undistorted to focus
distortions upon the choice between consumption and labour within periods.

Since the optimal tax rate is zero, any other value of the tax rate must lead to a
reduction in welfare compared to what is achievable. An insight into the extent of the
welfare cost of deviating from the optimal solution is given in Table 2.1. These results
are derived from a model with a Cobb-Douglas production function and a utility
function with a constant elasticity of intertemporal substitution (see (3.13) below).
The policy experiment calculates what would happen if a tax on capital was replaced
by a lump-sum tax. The increase in consumption and the welfare cost are measured by
comparing the steady state with the tax to the steady state without. When a tax rate of
30 percent on capital income is replaced by a lump-sum tax, consumption increases
by 3.3percent and the welfare cost of the distortionary tax is measured at 11 percent of
tax revenue. The increase in consumption and the welfare cost are both higher for an
initial 50 percent tax rate.

Initial Tax | Increase in Welfare Cost

Rate (%) | Consumption | (% of Tax Revenue)

30 3.30 11

50 8.38 26

Table 2.1: Welfare Cost of Taxation
Source: Chamley (1981)

In summary, the optimal tax policy is to set the long-run tax on capital to zero.
This outcome is explained by the wish to avoid intertemporal distortions. As a
consequence, all revenue must be raised by taxation of labour income. This will cause
a distortion of choice within periods but does not affect the intertemporal allocation.
The conclusion is very general and does not depend upon any restrictive assumptions.
Simulations of the welfare cost of non-optimal policies show that these can be a
significant percentage of the revenue raised.

2.6 Observations

The Solow model introduces the concept of a steady state and demonstrates that
capital accumulation is not sufficient to ensure continuing growth if not matched by
technological progress or equal increases in other inputs. The appeal to technological
progress as the source of growth illustrates the need for understanding of the source of
technical progress - the assumption of it deriving from some exogenous process is just
not good enough. The model also predicts convergence if countries have the same
technology. This is a helpful observation for understanding the results of growth
regressions. Finally, the Solow model provides the basis for undertaking the growth
accounting exercises that provide the key insights into the sources of growth.



Appendix on Optimal Taxation

The analysis of the fixed saving model has touched upon some of the potential
consequences of policy intervention. As a tool for policy analysis, the model is very
limited given the lack of choice variables that can be affected by policy. This
shortcoming is now overcome by studying a variant of the Ramsey growth model in
which a representative consumer chooses an intertemporal consumption plan to
maximize lifetime utility. Using this model the optimal taxes upon labour and capital
income can be derived.

The Ramsey model has a single representative consumer who chooses the
paths of consumption, labour and capital over time. The single consumer assumption
is adopted to eliminate issues concerning distribution between consumers of differing
abilities and tastes, and to place the focus entirely upon efficiency. For simplicity, it is
also assumed that the growth rate of labour, n, is zero. There is a representative firm
that chooses its use of capital and labour to maximize profits. Given that the market
must be in equilibrium, the choices of the consumer drive the rest of the economy
through the level of saving, and hence capital, that they imply. The supply of labour
and capital from the consumer combine with the factor demands of the firm to
determine the equilibrium factor rewards. The aim is to characterize the optimal tax
structure in this economy. We assume there is a government that requires revenue of
amount g, at time ¢. It raises this revenue through taxes on capital and labour, which

are denoted by r,K and z'tL respectively. The government chooses these tax rates in
the most efficient manner.

The choices of the consumer are made to maximize the discounted sum of the
flow of utility. Letting 0< g <l be the discount factor on future utility, the

consumer's preferences are described by

U=YpUC,L,). 2.17)
t=0

The specification of the utility function implies that the consumer has an infinite life.
This can be justified by treating the consumer as a dynasty with concern for
descendents.

As there is a single consumer, the capital stock is equal to the saving of this
consumer. This observation allows the budget constraint for the consumer to be
written as

Ct+Kt+1:(l—rtL)tht+(1—§+(1—rtK)rt)Kt. (2.18)

The utility maximization decision for the consumer involves choosing the time paths
of consumption, labour supply and capital for the entire lifespan of the economy. The
formal decision problem is

max  S[AUCL) B4 1~ L,

{Ct LK, } t=0

(P |01 ey o | 2.19)



where 4, is the multiplier on the budget constraint at time ¢.

In solving this optimization, it is assumed that the representative consumer
takes the factor rewards w, and 7 as given. This captures the representative consumer
as a competitive price-taker. (It is helpful to note that when the government
optimization is considered below the dependence of the factor rewards on the choice
of capital and labour is taken into account by the government. This is what
distinguishes the consumer who reacts to the factor rewards, and the government
which manipulates the factor rewards.)

With fixed factor rewards, the necessary conditions for the choice of C,, L,

and K,,, are

Uc, =4 =0, (2.20)

ULI+/1t(1—rtL)w,=0, (2.21)
and

Pronli=s+ =25 b )-2 =0 2.22)

Using the first condition to substitute for 4, in the second condition gives
U +Ug, (1— ok )Wt =0. (2.23)

Stepping the first condition one period ahead and then substituting for A,,; in the
third gives

puc, (1=5+(1-z5 b )-Uc =o0. (2.24)

Conditions (2.23) and (2.24) describe utility maximization by the consumer.
To interpret these it should be observed that there are two aspects to the consumer's
decision. Firstly, within each period the consumer needs to optimize over the levels of
consumption and labour supply. The efficient solution to this within-period decision is
described by (2.23) which ensures that the marginal utilities are proportional to the
relative prices. Secondly, the consumer has to allocate their resources efficiently
across time. Condition (2.24) describes efficiency in this process by linking the
marginal utility of consumption in two adjacent periods to the rate at which
consumption can be transferred through time via investments in capital. Taken
together for every time period ¢, these necessary conditions describe the optimal paths
of consumption, labour supply and capital investment for the consumer.

The representative firm is assumed to maximize profit by choosing its use of
capital and labour. Since the firm rents capital from the consumer, it makes no
irreversible decisions so it need do no more than maximize profit in each period. The
standard efficiency conditions for factor use then apply which equate marginal
products to factor rewards. Hence the interest rate and the wage rate satisfy



Fy =1, (2.25)

and

F, =w,. (2.26)

Following these preliminaries, it is possible to state the government
optimization problem. The sequence of government expenditures {gt} is taken as
given. It is assumed that these expenditures are used for a purpose which does not
directly affect utility. Formally, the government chooses the tax rates and the levels of
consumption, labour supply and capital to maximize the level of utility. The values of
these variables must be chosen for each point in time, so the government decision is a
sequence {T,K ,r,L,C,,L,,K,}. The choices of C,, L, and K, must be identical to what

would be chosen by the consumer given the tax rates 7~ and . This can be

achieved by imposing conditions (2.23) and (2.24) as constraints upon the
optimization. When these constraints are satisfied it is as if the consumer were making
the choice. As already noted, the government explicitly takes into account the
endogenous determination of the factor rewards.

The optimization also has to be constrained by the budget constraints of the
consumer and government, and by aggregate production feasibility. However, if any
two of these constraints hold the third must also hold. Therefore one of them need not
be included as a separate constraint for the optimization. In this case it is the
consumer's budget constraint which is dropped. The government budget constraint
that taxes must equal expenditure is given by

KK, +cfwl, =g, . (2.27)
In addition, the aggregate production condition for the economy is that

C +g,+1,=F(,L,). (2.28)
Using the definition of investment this becomes

C,+g,+K, =F(K,L)+(1-0)K,. (2.29)

Employing the determination of the factor prices (2.25) and (2.26), the
government optimization problem that determines the efficient taxes is

max Zﬁ’[UH//,(rtKFKtK,+z',LFLILt—gt)
{T,K b .C L K, }t:O

+9t(F+(1_5)Kt -C-g _Kt+1)+/ult(UL, +Uc, (I_TtL)FL,)

Fulpue (1-5+0-25 ) J-ue )| (2.30)



The complete set of first-order necessary conditions for this optimization
involve the derivatives of the Lagrangian with respect to all of the choice variables at
every point in time plus the derivatives with respect to the multipliers at every point in
time. However, to demonstrate the key result concerning the value of the optimal
capital tax only the necessary conditions for the tax rates and for capital are required.
The other first-order conditions will add further information on the solution but do not
bear on the determination of the capital tax.

.. . K -
The necessary condition for the choice of 7,5 is

Wbk K~ Uc, Fg, =0, (2.31)

for 7} the necessary condition is
vl L —mUc Fr, =0, (2.32)
and for K, itis

w, (rf (FK[ +K,Fy . )+ o/ Fri L )+ 6, (FKt +1- 5)—% »

L K
+mUc, (1 -7 )FL,Kt + 1y Uc, (1 —7 )FK,K, =0. (2.33)

The two conditions for rtK and T,L can be used to substitute for 4, and u,, | in the
condition for K,. Cancelling terms and using the fact that constant returns to scale
implies K, Fy x +LFy g =0, condition (2.33) reduces to

1
viek Fy +6,(Fg +1 —5)—E ), =0. (2.34)

Along the growth path of the economy this equation is only one part of the complete
description of the outcome induced by the optimal policy. However, by focussing on
the steady state in which all the variables are constant it becomes possible to use the
information contained in this condition to determine the optimal tax on capital.

Consequently, the analysis now moves to consider the steady state that is
reached under the optimal policy. In order to be in a steady state it must be the case
that the tax rates and the level of government expenditure remain constant over time.
In addition, the levels of capital, consumption and labour supply will be constant.
Moreover, being in a steady state also implies that 6, = 6,_; . Using these facts, in the

steady state the necessary condition for the choice of the capital stock becomes

wr* Fy +9(FK +1—5)—%9 =0. (2.35)

This equation can be simplified further by observing that in the steady state the
condition for the consumer (2.24) reduces to



pli-5+(1- ) J-1=0. (236)

Using (2.36) to substitute for £, the final condition for the choice of the capital stock
is

(w+0)XF, =0. (2.37)

Given that the resource constraints are binding, implying w and & are positive, and
that the marginal product of capital, Fy, is positive, the solution to (2.37) has to be

7K =0. This is the well-known result (due originally to Chamley (1986) and Judd
(1985)) that the long-run value of the optimal capital tax has to be zero.



Chapter 3: Endogenous Growth

e Growth can be sustained if there are constant returns to scale in
reproducible inputs

e Endogenous growth models determine the variables that affect growth
through individual optimization

e A range of explanations for growth are offered including human capital
and provision of a public good

e Technical progress is explained through the search for profitable
innovations

e Tax policy can affect choices and therefore the rate of growth

3.1 Introduction

Decreasing returns to capital have already been identified as the source of the limit
upon growth in the exogenous growth model. The removal of this limit requires the
decreasing marginal product of capital to be circumvented in a way that is, ideally,
determined by choices made by the agents in the economy. Models that allow both
sustained growth and explain its source are said to generate endogenous growth.

There have emerged in the literature four basic methods through which
endogenous growth can be achieved. All of these approaches achieve the same end -
that of sustained growth - but by different routes. These four approaches are described
and then attention is focused on the role of tax policy in growth from the perspective
of these models.

3.2 The AK Model

The first, and simplest, approach to modelling endogenous growth, the 4K model,
assumes that capital is the only input into production and that there are constant
returns to scale. This may seem at first sight to simply remove the problem of
decreasing returns by assumption, but Section 3.3 will show that the 4K model can be
given a broader interpretation. Under these assumptions the production function is
given by

Y, = AK,, 3.1)



hence the model's name. Constant returns to scale ensures that output grows at the
same rate as the capital stock.

To show that this model can generate continuous growth, it is simplest to
return to the assumption of a constant saving rate. With a saving rate s the level of
investment in time period ¢ is I, =s4K,. Since there is no labour, the capital

accumulation condition is just
K, =sAK, +(1-5)K, =(1+s4-5)K, . (3.2)

Provided that s4 > ¢, the level of capital will grow linearly over time at rate s4—0.
Output will grow at the same rate, as will consumption. The model is therefore able to
generate continuous growth.

The only variable that is the outcome of an economic choice in the AK model
is the saving rate, s. This limits potential policy effects but does draw attention to the
effect that taxation can have upon saving. The empirical evidence on this issue is
discussed in Section 8.3.

3.3 Human Capital

The second approach to ensure sustained growth is to match increases in capital with
equal growth in other inputs. One way to do this is to consider human capital as an
input rather than just raw labour time. The model requires two investment processes:
one for investment in physical capital and another for investment in human capital.
There can either be one sector, with human capital produced by the same technology
as physical capital, or two sectors with a separate production process for human
capital.

The human capital variable can be treated in the production function in two
different ways. The first treatment is to view the level of the human capital input as
the product of the quality of labour and labour time. Doing so allows labour time to be
made more productive by investment in education and training which raise human
capital. Technical progress is then embodied in the quality of labour. The standard
form of production function for such a model would be

Y, =F(K,.H,), (3.3)

where H, is the level of human capital. If the production function has constant

returns to scale in human capital and physical capital jointly, then investment in both
can raise output without limit even if the quantity of labour time is fixed.

The second treatment is to consider human capital as a distinct variable to
labour time. This gives a production function of the form

Y, =F(K,,H,,L,). (3.4)

This treatment is less common but is encountered in the important work of Mankiw e?
al. (1992) that is discussed in Chapter 6. The one-sector model with human capital
actually reduces to the AK model - this is the broader interpretation of the AK model
referred to above. To see this, note that under the one-sector assumption output can be



used for consumption or invested in physical capital or invested in human capital.
This means that the two capital goods are perfect substitutes for the consumer in the
sense that a unit of output can become one unit of either. The perfect substitutability
implies that in equilibrium the two factors must have the same rate of return.
Combining this with the constant returns to scale in the production function results in
the two factors always being employed in the same proportions. Therefore the ratio

H,/K, is constant for all ¢#. Denoting this constant value by HK, the production
function becomes

Y, = KtF(%j = 4K, (3.5)

where 4 = F(H /K). This returns the production function to the AK form.

A two-sector model can have different production functions for the creation of
the two types of capital good. This eliminates the restriction that they are perfect
substitutes and moves away from the AK setting. In a two-sector model different
human and physical capital intensities can be incorporated in the production of the
two types of capital. This can make it consistent with the observation that human
capital production tends to be more intensive in human capital - through the
requirement for skilled teaching staff ezc.

When human capital is incorporated into the model the role for policy is
extended. The accumulation of human capital can be viewed as the outcome of an
educational process. This focuses attention on how the tax system affects the decision
to undertake investments in education. These issues are discussed in Section 8.2. The
interaction with labour supply also raises the issue of taxation and labour supply. The
empirical evidence on this is considered in Section 8.4. However, labour supply is
naturally bounded. This makes it impossible to sustain growth through increases in
labour alone.

3.4 Government Expenditure

Endogenous growth can arise when capital and labour are augmented by additional
inputs in the production function. One case of particular interest for understanding the
link between government policy and growth is when the additional input is a public
good financed by taxation. The existence of a public input provides a positive role for
public expenditure and a direct mechanism through which policy can affect growth.
This opens a path to an analysis of whether there is a sense in which an optimal level
of public expenditure can be derived in a growth model. The analytical details of this
model are described below because it is an important tool for thinking about the
channels through which public expenditure can impact upon growth.

A public input can be introduced by assuming that the production function for
the representative firm at time # takes the form

Y, = AL “K*G) ™, (3.6)



where 4 is a positive constant and G, 1is the quantity of the public input. The structure
of this production function ensures that there are constant returns to scale in L, and

K, for the firm given a fixed level of the public input. Although returns are

decreasing to private capital as the level of capital is increased for fixed levels of
labour and public input, there are constant returns to scale in public input and private

capital together. For a fixed level of L,, this property of constant returns to scale in
the other two inputs permits endogenous growth to occur.

It is assumed that the public input is financed by a tax upon output. Assuming
that capital does not depreciate in order to simplify the derivation, the profit level of
the firm is

7, =(1-7)AL “K*G) ™ =K, —w,L, , (3.7)

where 7, is the interest rate, wt the wage rate and ¢ the tax rate. From this
specification of profit, the choice of capital and labour by the firm satisty

(1-7)edL, “KF7G =y, (3.8)
and
(1-7)1-a)AL“KZ'G % = w,. (3.9)

The government budget constraint requires that tax revenue equals the cost of the
public good provided, so

G, =1Y,. (3.10)

Now assume that labour supply is constant at L, = L for all z. Without the

public input, it would not be possible given this assumption to sustain growth because
the marginal product of capital would decrease as the capital stock increased. With the
public input, growth can now be driven by a joint increase in private and public
capital even though labour supply is fixed. Using (3.6) and (3.10), the level of public
input can be written as

G, = (cd)'* -V ag . (3.11)

This result can be substituted into (3.8) to obtain an expression for the interest rate as
a function of the tax rate

r=(-7)ad" (L)), (3.12)

The economy's representative consumer is assumed to have preferences
described by the utility function



0 l-o _
v=sp & -1 (3.13)

t=1 l-o

This specific form of utility is adopted to permit an explicit solution for the steady
state. The consumer chooses the path {C,} over time to maximize utility. The
standard condition for intertemporal choice must hold for the optimization, so the

ratio of the marginal utilities of consuming at ¢ and at #+1 must equal the gross
interest rate. Hence

sulec, _ ¢ °
oU /dC,,,  BCS

t+1

=1+r,,. (3.14)

By solving for C,,;/C, and then subtracting C,/C, from both sides of the resulting

equation, this optimality condition can be written in terms of the growth rate of
consumption

C,-C 1/

L= (B4 ry)) 7 -1 (3.15)
G

Finally, using the solution (3.12) to substitute for the interest rate, the growth rate of

consumption is related to the tax rate by

—Cmc_ G ﬂ““(1+ (l—r)aAl/a(Lr)(l_a)/a)l/a 1 (3.16)
t

The result in (3.16) demonstrates the two channels through which the tax rate
affects consumption growth. Firstly, taxation reduces the growth rate of consumption
through the term (l— r) which represents the effect on the marginal return of capital

reducing the amount of capital used. Secondly, the tax rate increases growth through

(1~a)/a

the term 7 which represents the gains through the provision of the public input.

Further insight into these effects can be obtained by plotting the relationship
between the tax rate and consumption growth. This is shown in Figure 3.1 under the
assumption that 4=1, L=1, «=0.5, f=0.95 and o =0.5. The figure displays
several notable features. First, for low levels of the public input growth is negative, so
a positive tax rate is required for there to be consumption growth. Secondly, the
relationship between growth and the tax rate is non-monotonic: growth initially
increases with the tax rate, reaches a maximum, and then decreases. Finally, there is a
tax rate which maximizes the growth rate of consumption. Differentiating (3.16) with
respect to 7, the tax rate that maximizes consumption growth is

r=l-a. (3.17)

For the values in the figure, this optimal tax rate is 7 =0.5. To see what this tax rate
implies, observe that

%:(l—a)ﬁzh (3.18)
oG, G,



using G, =7¥, and 7 =1-« . Hence the tax rate that maximizes consumption growth

ensures that the marginal product of the public input is equal to 1 which is also its
marginal cost.
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Figure 3.1: Tax Rate and Consumption Growth

This model reveals a positive role for government in enhancing growth
through the provision of a public input. It illustrates a sense in which there can be an
optimal level of government. Also, if the size of government becomes excessive it
reduces the rate of growth because of the distortions imposed by the tax used to
finance expenditure. Although simple, this model does make it a legitimate question
to consider what the effect of increased government spending may be on economic
growth.

The outcome of this analysis should be borne in mind when the empirical
analysis is reviewed. In particular, even this basic model is able to demonstrate that
taxation used to finance productive government expenditure can have a beneficial
effect on the growth rate. Furthermore, if countries optimize in the choice of tax rate
(or, equivalently, in the level of government expenditure) then variations in the tax
rate will have little effect upon the growth rate around the optimum. This point is
discussed further in Section 6.4.

3.5 Innovation

The innovation approach to endogenous growth develops the ideas of Schumpeter
(1934) about creative destruction - the description of new products and processes
appearing that are superior to existing ones and eventually replace them. The first
attempt to formally model this description is attributed to Segerstrom et al. (1990) but
the most focus has been placed on the work of Aghion and Howitt (1988, 1992). This
line of research is surveyed in Aghion and Howitt (1998).

The first aspect of the creative process that has been modelled is the
introduction of new intermediate good. Assume that output depends upon labour use
and a range of other inputs. Technological progress can then take the form of the
introduction of new inputs into the production function without any of the old inputs



being dropped. This allows production to increase since the expansion of the input
range prevents the level of use of any one of the inputs becoming too large relative to
the labour input.

The second aspect is the replacement of existing products by better products
Assume that technological progress takes the form of an increase in the quality of
inputs. Expenditure on research and development results in better quality inputs which
are more productive. Over time, old inputs are replaced by new inputs and total
productivity increases. Firms are driven to innovate in order to exploit the position of
monopoly that goes with ownership of the latest innovation. This is the process of
“creative destruction” which was seen by Schumpeter as a fundamental component of
technological progress.

The mechanics of a basic model can be described as follows. Assume that
there is a continuum of types of final good available. Final good i is produced using a
unique intermediate good according to the production function at time ¢

Y, = Aixj; - (3.19)

In this expression x;, is the quantity of intermediate good used and 4;, is the level of

technology. Each intermediate good is supplied by the firm that made the most recent
innovation for that intermediate good. Being the sole innovator gives the intermediate
supplier a monopoly position.

The research sector for intermediate good i employs n;, units of labour and

innovations arrive at the Poisson arrival rate An;,,. When an innovation arrives for

good i it raises the technology parameter from A4; to 4™, where 4™ is the
highest attainable technology at time ¢. The firm making the new innovation then has
a monopoly position until the next innovation. The maximum attainable technology
rises over time at a rate proportional to the total flow of innovations (and hence
proportional to the labour employed in research). In a symmetric equilibrium each
sector employs #, units of labour in research and

L~ pn,, (3.20)

where b is a factor of proportionality.

The level of research in equilibrium equates the cost of labour in research to
the expected benefit of making the next innovation. The level of expected benefit is
dependent on the return that is earned during the time as a monopolist until the next
innovation is made. A change in the value of A encourages research by making
innovations arrive quicker but discourages by reducing the expected tenure as a
monopolist. Analysis shows that the overall effect is positive. The size of innovation
parameter, b, also has both of these effects but overall an increase in b will raise
growth.

The focus for policy analysis suggested by these models is the effect of
taxation on the incentive to innovate. The tax treatment of profit operates on the net



return to innovation. A subsidy to R&D reduces the cost of innovation. These
observations are the basis of the discussion in Section 9.3.

3.6 Learning-By-Doing

The fourth major approach to endogenous growth is to assume that there are
externalities between firms which operate through learning-by-doing. This idea has
been established in the economics literature at least since Arrow (1962). Investment
by a firm leads to parallel improvements in the productivity of labour as new
knowledge and techniques are acquired. Moreover, this increased knowledge is a
public good so the learning spills over into other firms. This makes the level of
knowledge, and hence labour productivity, dependent upon the aggregate capital stock
of the economy. Decreasing returns to capital for a single firm (for a given use of
labour) then translate into constant returns for the economy.

The policy focus suggested by learning-by-doing is the tax treatment of
investment and how policy can encourage investment by firms. This is the subject
matter of Section 9.2.

3.7 Other Mechanisms

In addition to these models of endogenous growth it is worth mentioning the role of
foreign direct investment (FDI) in the growth process.

FDI that takes the form of physical investment (rather than the form of
acquisitions) provides a source of technological improvement for the host country.
This will be the case if the investing firm utilizes a level of technology above that
currently in use in the host country. Much FDI in practice has taken precisely this
form with firms from developed countries locating their most recent technologies in
developing host countries. This raises the productivity of labour in the host country
and contributes to growth.

For many developing countries FDI is an important source of economic
growth and it receives much policy attention. From a world perspective there may be
zero-sum elements about these policies but there are private gains. The empirical
assessment of the sensitivity of FDI to policy incentives is reviewed in Section 9.5.

3.8 Taxation and Growth

Now that the range of effects has been discussed it is helpful to investigate them
further within the context of a model. A simple but informative model for illustrating
how a range of tax instruments can affect economic growth is provided in Zagler and
Durnecker (2003). This model captures several of the important elements of
endogenous growth theory.

Output at time ¢ 1s determined by the aggregate production function

Y, = XGl L, (3.21)



where X, denotes the quantity of a composite intermediate input. This aggregate is
composed of a set of n specialized intermediate inputs via the defining relation

n
X[ =3x7, (3.22)
i=1

where x;, is the quantity of intermediate input i. The input levels are chosen to

minimize the cost of production
n
C = (1 +7r )WtLt + Z}(l + Ty )pi,txi,t
1=
=(l+z, )w L, +(1+7y)PX,, (3.23)

where 7; is the tax on labour, 7,; the tax on intermediate good 7, and F, the

aggregate price index with 7, a corresponding aggregate tax. The necessary
conditions for cost minimization can be solved to find that

. (a1)/a
(1+7x)P, =(zl[(1+rxi)p,~,t]“““‘”j , (3.24)
hence
_ (1+7, )pi,t M)
xi,t = [W Xt . (325)

Each intermediate goods is produced by a different monopolistic firm that maximize
profit subject to the demand function (3.25). This leads to the optimal price

1
Diy=—- (3.26)
(04

This implies the aggregate price when all intermediate taxes are equal is

11 .
P :;#n(“ Ve (3.27)
X

A concept of physical capital can then be defined by

_< (a-1)/a
K, =%x,=n X;. (3.28)
i=1

This allows output to be expressed as

Y, =K*GP(nL,) ™. (3.29)



The equilibrium capital stock can be shown to be

K, =a2(1_” th. (3.30)

1+7,

This implies that the growth rate is given by

V=P G a0, (331)
-«

~

A constant fraction, s, of disposable income is saved and used to finance the
activities of R&D firms. Denoting the tax on saving by 7, and that on R&D by 75,

the expenditure on labour for R&D satisfies

(1=, )sY,” =1+ 75p W,E, . (3.32)
Innovations arrive at the rate

n, =ghE,, (3.33)

where 4, is publicly provided human capital.
Using there results the per capita growth rate can be found to be
YAt - N, t= P ét
l-a

s+as(1+rL)(1—rﬂ—rx) hN,

’ 1+TRD+TS+aS(1+Z'L)(1—T7[—Z'x) n,

: (3.34)

where 7, is the profit tax on the producers of intermediate goods. The first term

captures the positive effect that taxation has on growth through the financing of the
public input. The second term captures tax effects that operate through changes in the
level of innovation. Both the tax on R&D and the tax on saving reduce the growth
rate. The tax on R&D reduces innovation and the tax on saving reduces capital
accumulation. The other taxes have an ambiguous effect on growth, with the outcome
depending on the value of the savings rate, s, relative to the value of 1+ 75, + 7.

This model could be further developed by closing the system to relate
government expenditure on the productive input and human capital accumulation to
tax revenue. As given above it does not have optimization by the household. This
could be changed. But it still illustrates the effect of taxation.

3.9 Concluding Comments

The common property of these models of endogenous growth is that there are choices
made by economic agents that collectively determine the rate of growth. Furthermore,
these choices can be influenced by economic policy. For example, a government can



encourage (or discourage) investment in human capital through subsidies to training
or the tax treatment of the returns, or subsidies to research and development can
encourage innovation, as can the details of patent law. Even in this brief discussion it
has become apparent that a range of tax instruments can interact with growth-relevant
choices.

The models describe these effects but do not provide any evaluation of their
size and importance. In order to provide an evaluation it is necessary to consider the
findings of empirical research. Without empirical data it is not possible to engage in a
convincing policy analysis.



Chapter 4: Theoretical Predictions

o A policy change can affect the level of output or the growth rate of
output
o A widely varying range of estimates have been given for the effect of

tax reform in an endogenous growth model with human capital

o There is evidence that a move from an income tax to a consumption
tax will raise growth and no evidence against the claim

o Human capital accumulation may be sensitive to changes in the tax
system

o The causality between growth and human capital may run in both
directions

. Scholarship programs may raise human capital accumulation but

reduce saving

o The social return to R&D may be above the private return and
innovation greater under a consumption tax than an income tax

4.1 Introduction

Chapters 3 and 4 have described several of the available models of economic growth.
The endogenous growth models have some of the channels through which growth can
be sustained. What the models do not achieve is any quantification of the effect of
changes in the economic environment. This chapter reviews policy experiments that
have used the theoretical models to evaluate the consequences of tax changes. The
evaluation is achieved through the use of calibration and simulation.

The standard methodology is to solve a model for its steady-state growth path
and then simulate the effect of policy changes upon this path. The quantification is
achieved by using (in most cases) data from the US to calibrate key parameters, such
as the share of capital in GDP. Other elasticities are drawn from the econometric
literature or left as free parameters that can be varied to conduct sensitivity analysis.
The standard policy experiment is to calculate the effect on the long-run growth rate
of a variation in the structure of the tax system. The results describe the potential size
of the effects caused be the policy experiment.

This chapter first clarifies the distinction between the level and growth effects
of a policy reform. This is necessary to separate the short- and long-run effects of a
policy. The basic simulations using a model of endogenous growth through human



capital accumulation are then reviewed. This is followed by consideration of a wide
range of other models that study different routes to endogenous growth.

4.2 Understanding Effects

Before discussing the results of policy experiments, it is helpful to clarify the
distinction between the effect of a change in taxation on the /evel of output and its
effect on the rate of growth of output. This distinction is illustrated in Figure 4.1
which shows three different growth paths for the economy. Paths 1 and 2 have the
same rate of growth - the rate of growth is equal to the gradient of the growth path.
Path 3, which has a steeper gradient, displays a faster rate of growth.

Output

0 g Time

Figure 4.1: Level and Growth Effects

Assume that at time #;, the economy is located at point a and, in the absence

of any policy change, will grow along path 1. Following this path it will arrive at
point b at time #;. The distinction between level and growth effects can now be

described. Consider a policy change at time #, that moves the economy to point ¢

with consequent growth along path 2 up to point d at time ¢#;. This policy has a level
effect: it changes the level of output but not its rate of growth. An example of such a
policy is the introduction of free child care for working mothers. This policy would
increase participation in the labour force and hence raise output. Once the new level
of participation was reached the rate of growth would be unchanged.

Alternatively, consider a different policy that causes the economy to switch
from path 1 to path 3 at ¢, so at time ¢, it arrives at point e. This change in policy has

affected the rate of growth but not (at least initially) its level. Of course, output
eventually achieves a higher level because of the higher growth rate. This second
policy has a growth effect but no level effect. An example might be a change to the
accounting rules on depreciation that raises the rate of investment and therefore leads
to faster accumulation and a higher rate of growth.



In practice many policy changes will have some combination of level and
growth effects. The exact combination is important since only the growth effects have
long-term implications.

4.3 Tax Reforms

The appendix to Chapter 2on optimal taxation demonstrated the surprising and strong
result that the long-run tax rate on capital should be zero. Although the derivation was
undertaken for an exogenous growth model, the result also applies when growth is
endogenous. The basic intuition that the intertemporal allocation should not be
distorted applies equally in both cases. This is an important conclusion since it
contrasts markedly with observed tax structures. For example, in 2002 the top
corporate tax rate was 40% in the US, 30% in the UK and 38.4% in Germany.
Although Ireland was much lower at 16%, the OECD average was 31.4% (Hindriks
and Myles, 2006).

In addition to the level of corporation tax most countries employ an income
tax that taxes the return to saving. This lowers the net return earned on assets and
results in a disincentive to save. This leads to a lower rate of capital accumulation.
Moving from an income tax to a consumption tax removes this disincentive and
should raise saving.

The divergence of the observed tax rate from the theoretically optimal rate and
the taxation of saving raises the possibility that a reform of the actual system can raise
the rate of economic growth and the level of welfare. This question has been tested by
simulating the response of model economies to policy reforms involving changes in
the tax rates upon capital and labour. Such studies have provided an interesting range
of conclusions that are worth close scrutiny.

The basic model for simulation analysis is an endogenous growth model with
both physical and human capital entering the production function. The consumption
side is modelled by a single, infinitely lived representative consumer who has
preferences represented by the utility function

U= IL ? plee] 4.1

where C, is consumption and L, is leisure. Alternative studies adopt different values

for the parameters  and o . The second area of differentiation between studies is the
range of inputs into the production process for human capital, in particular whether it
requires only human capital and time or whether it also needs physical capital. The
analytical process is to specify the initial tax rates, which usually take values close to
the actual position in the US, and calculate the initial growth path. The tax rates are
changed and the new steady state growth path calculated. The two steady states are
then contrasted with a focus placed upon the change in growth rate and in levels of the
variables.

Table 4.2 summarizes some illustrative policy experiments and their
consequences. The experiment of Lucas (1990) involves elimination of the capital tax
with an increase in the labour tax to balance the government budget. This policy
change has virtually no growth effect (it is negative but very small) but a significant



level effect. In contrast, King and Rebelo (1990) and Jones et al. (1993) find very
strong growth and level effects. King and Rebelo consider the effect of an increase in
the capital tax by 10% whereas Jones ef al. mirror Lucas by eliminating the capital
tax. What distinguishes the King and Rebelo analysis is that they have physical capital
entering into the production of human capital. Jones et al. employ a higher value for
the elasticity of labour supply than other studies. The model of Pecorino (1993) has
the feature that capital is a separate commodity to the consumption good. This permits
different factor intensities in the production of human capital, physical capital and the
consumption good. Complete elimination of the capital tax raises the growth rate, in
contrast to the finding of Lucas.

The importance of each of the elements in explaining the divergence between
the results is studied in Stokey and Rebelo (1995). Using a model that encompasses
the previous three, they show that the elasticity of substitution in production matters
little for the growth effect but does have implications for the level effect - with a high
elasticity of substitution, a tax system that treats inputs asymmetrically will be more
distortionary. The elimination of the distortion then leads to a significant welfare
increase. The important features are the factor shares in production of human capital
and physical capital, the intertemporal elasticity of substitution in utility and the
elasticity of labour supply. Stokey and Rebelo conclude that the empirical evidence
provides support for values of these parameters which justify Lucas' claim that the
growth effect is small.

Author Features Utility Initial Tax Final Position Additional
Parameters Rates and Observations
Growth Rate
Lucas (1990) Production of human | o=2 Capital 36% Capital 0% 33% increase in
capital did not =05 Labor 40% Labor 46% capital stock
require physical Growth 1.50% | Growth 1.47% | 6% increase in
capital consumption
King and Rebelo | Production of human | =2 Capital 20% Capital 30% Labor supply is
(1990) capital requires =0 Labor 20% Labor 20% inelastic
physical capital Growth 1.02% | Growth 0.50%
(proportion = 1/3)
Jones, Manuelli Time and physical c=2 Capital 21% Capital 0% 10% increase in
and Rossi (1993) | capital produce o= 4.99 Labor 31% Labor 0% capital stock
hyman capital a calibrated | Growth2.00% | Growth4.00% | 29% increase in
given o consumption
Pecorino (1993) Production of human | o=2 Capital 42% Capital 0% Capital and
capital requires =05 Labor 20% Labor 0% consumption
physical capital Growth 1.51% Growth 2.74% different goods,
’ ) consumption tax
replaces income
taxes

Figure 4.2: Growth Effects of Tax Reform

These simulations models produce a variety of results but do not clarify the
precise factors that are responsible or provide much insight into the general outcome.
A number of analytical results are provided in Milesi-Ferretti and Roubini (1998).
The model they consider encompasses most of those described above. It has separate
production technologies for physical and human capital. Interestingly, it considers



three different interpretations of leisure. In the first interpretation leisure is the usual
residual time that is not spent working or studying to raise human capital. This is
termed the “raw time” model. The second interpretation, “home production”, has
leisure produced through a production function using human and physical capital. The
third interpretation just uses time and human capital in the production of leisure. This
is termed “quality time”.

The policy experiments consider the marginal increase of a particular tax with
the government budget balanced by a change in the lump-sum transfer to the
representative consumer. With this in mind it is not surprising that the results reported
in Table 4.3 show that an increase in the tax rates generally reduce the steady-state
rate of growth. These calculations would have more force if they determined the
growth rate effect of trading one distortionary policy instrument for another.

Model Capital income | Labor income | Consumption
Raw time Decrease Decrease Decrease
Home production Decrease Decrease No effect
Quality time Decrease

Table 4.3: Effect on steady-state growth rate

An alternative perspective is provided by Song (2002) who employs a version
of the Blanchard overlapping generations model with perpetual youth. The perpetual
youth label arises from the fact that each consumer has an equal probability of
survival into the next period. The analysis also makes the assumption that all
government revenues are spent unproductively so there is no expenditure effect on
growth. The argument of the paper is based on the observation that in this model the
growth rate of consumption is increasing in the after-tax interest rate and in the share
of human wealth in total wealth. A higher rate of tax that lowers the after-tax interest
rate can cause growth to rise if it raises the share of human wealth. The paper finds
that a higher rate of tax on income (meaning both capital income and labour income)
raises the steady state growth rate if and only if the elasticity of factor substitution is
greater than 1. This is a strong restriction for the elasticity to satisfy. The result is also
shown to extend in a weaker form to an economy where physical capital is used as an
input into the learning process.

Although it does not directly address issues in endogenous growth the analysis
of Hendricks (2003) still merits reporting. An initial inspection of the Ramsey growth
model and the overlapping generations model make them seem entirely distinct. The
observation of Hendricks is that the only significant distinction is the degree of inter-
cohort persistence. A pure overlapping generations model has no persistence: each
consumer lives for two periods and there is no transmission of wealth between
generations. The Ramsey model with a consumer whose life is infinite has complete
persistence: decisions take into account the entire lifetime trajectory of welfare.

Hendricks explores the claim that persistence affects the tax elasticity in a
model encompassing the Ramsey model and the overlapping generations model. The



model has two key parameters. One parameter determines whether the bequest motive
is operative. The other parameter determines whether there is any link between the
human capital of parent and offspring. Varying the values of these parameters allows
the transition between Ramsey model and overlapping generations model.
Simulations are conducted for five variants of the model. Stronger persistence
increases the steady-state tax elasticity of human capital for both wage and capital
income taxes. Infinite lives models have higher elasticities than overlapping
generations models. The message of the paper is that the specification of the model
matters for the tax elasticity that is derived.

Keuschnigg and Deitz (2005) propose a change to the standard income tax
system that they claim will promote growth. The proposed tax structure consists of
four parts: (1) a progressive tax of labour income; (ii) a flat tax on company profits
(both corporate and non-corporate); (iii) deduction of interest payments and normal
return to equity from taxable profit of firms; and (iv) a proportional tax at the personal
level on all forms of capital income. The rates are chosen to prevent arbitrage through
shifting between labour income and profit income for owners of firms. The proposed
structure has elements of a dual income tax system because of the different treatments
of labour and capital income. The paper proves that this system is neutral with respect
to the allocation of capital across sectors.

The effect of the proposal is simulated by placing it within an overlapping
generations model. The simulations show that long-run GDP will rise by between 2 or
3 percent if the system is implemented. Note that this is the level of GDP and not the
growth, so that it seems to be a large change in tax system for a small change in
welfare. Since the model is one with overlapping generations there can be no long-run
growth, so the analysis may not really be capturing the full growth effect of proposed
tax system revisions.

This section has reported on the range of estimates that have been obtained for
the effects of taxation upon growth. Some of the models predict that the growth effect
is insignificant, others predict it could be very significant. What distinguishes the
models are a number of key parameters, particularly the share of physical capital in
human capital production, the elasticities in the utility function and the depreciation
rates. In principal, these could be isolated empirically and a firm statement of the size
of the growth effect given. To do so and thus claim an “answer” would be to overlook
several important issues about the restrictiveness of the model. Variations on these
growth models are now considered.

4.4 Components of Growth

The endogenous growth model with human capital accumulation is only one model
from the many available. A review is now undertaken of a range of models that either
model human capital accumulation in more detail or consider other sources of growth.

4.4.1 Education

An early model of the effect of education is described in Weale (1992). The paper
discusses the channels through which education (and fertility) can affect growth and
health, and the measurement of the social rate of return to education. It is observed
that the high returns that have been calculated for developing economies may



represent the consequence of short-term shortages of educated labour and the effect of
omitted variables in regression equations. A simple model is provided in which a
dynasty chooses the investment in education for each generation and the number of
offspring.

The dynastic choice is then embedded in a growth model and a simulation
analysis is conducted. The interesting finding of the paper is that the rate of growth is
positively related to the chosen amount of education but negatively related to fertility.
The major insight is viewed as the link between reduced fertility and increased
education.

Trostel (1993) provides a model of investment in human capital that can be
interpreted as representing educational choice. Human capital formation requires the
investment of time and the investment of commodities. The commodities can either
be bought indirectly through the firm of employment or directly on the market. The
difference is that when purchased through the firm the goods are subsidized by the tax
system (in the sense that they are tax deductible) but led to a lower income since the
firm deducts the cost from payment. Goods bought directly for human capital
investment are subsidized by the government. The consumer optimizes over all
decision variables.

The model is simulated using a parameterization justified by appeal to the
econometric literature. Unlike many papers there is a long discussion of the choice of
each parameter value. What the basic simulation shows is that the effect of an
increase in the proportional income tax is focused on the human capital level not on
the labour hours variable. This implies that eighty percent of the adjustment in the
product of labour and human capital (LH - the effective labour input) is through
human capital, H. The results are summarized in Table 4.2. All symbols have standard
meaning except for x which is the proportion of total time spent in human capital
formation. The column labelled long-run equilibrium reports the percentage change in
the variable for a percentage change in the income tax rate. Hence, an increase in
income tax from 40 percent to 40.4 percent reduces human capital by 0.388 percent.
The second column is the present value of the time path of percentage changes per
present value of percentage change in the tax rate. Hence the discounted average
decrease in human capital 1s twelve percent.

Variable | Long run Present

equilibrium | value

H -0.388 -0.123
y -1.146 -0.802
xH -0.480 -0.280
LH -0.480 -0.291
K -1.368 -0.597

w -0.222 -0.077




r 0.667 0.230

Table 4.2: Income tax elasticities

Particular parameterizations of the general model capture alternative models
that have been used previously and these have different implications for the response
to taxation. From the perspective that the general model is correct Trostel thus
concludes that other models can be wrong. In summary, this model provides
theoretical evidence that effect of taxation on human capital accumulation can be
large. The paper indicates that the change in investment in human capital can be more
important than the change in working hours due to taxation. Hence, it is concluded
that taxation significantly discourages human capital investment.

The ideas of Trostel are further developed in Heckman et al. (1998). This
paper studies a version of the Auerbach-Kotlikoff model in which there is individual
heterogeneity. There are several human capital (or skill) levels from which individuals
make a selection. The heterogeneity is reflected in different individuals making
different choices. The central focus of the analysis is the comparison of a progressive
labour income tax with flat income and consumption taxes. The basic economics
suggests that a move to a flat tax will encourage skill accumulation since it raises the
incentive to seek higher income, and the consumption tax will encourage physical
capital accumulation since it removes the tax on interest income. A selection of the
results is presented in Table 4.3. The change in the stock of human capital for the two
tax reforms confirms the intuition that a progressive labour income tax discourages
education. In both cases the aggregate level of output increases.

Percentage change from

equilibrium with progressive tax

Flat tax | Consumption tax

Stock of -0.79 4.65
physical capital
Stock of college 2.82 1.85

human capital

Stock of high-school | 0.90 0.08

human capital

Aggregate 1.15 4.98

output

Table 4.3: Effect of tax reform on capital and output



It will be observed later that the standard cross-country regression reveals a
positive relationship between the quantity of schooling in a country and the growth
rate. Bils and Klenow (2000) explore the factors that can explain this observation.
They build an endogenous growth model with a schooling choice. But the causality
between education and growth runs in both directions. Schooling develops human
capital, and so raises the rate of growth. In the reverse direction the effect of higher
growth is an increase in the return to education, so the investment in education rises.
A version of the model is calibrated using UNESCO data on educational attainment.
The calibrated model is used to justify the claim that the impact of schooling on
growth explains less than one third of observed cross-country correlation between
education and growth. Instead, the growth to schooling effect is assessed as being
potentially large.

Increased schooling can raise the level of human capital. If this schooling is
publicly provided then revenue must be raised to finance the provision. The tax
instrument chosen to raise the revenue can introduce distortions into the economy and
has implications for the rate of growth. It is therefore not correct to infer that
increased public education will necessarily raise growth without specifying the
financing mechanism. These issues have been explored in a range of models.

Blankenau and Simpson (2004) observed that theoretical analysis predicts
government expenditure on education increases the stock of human capital and should
therefore raise the growth rate. However, this effect does not appear to be especially
apparent in the data. The reconciliation between these two observations that is offered
in the paper is that the taxes imposed to finance educational spending have
distortionary effects. The distortions caused by the taxes then result in an offsetting
reduction in the growth rate.

This idea is tested by constructing a model with overlapping generations and a
range of tax variables (labour, capital, consumption, and output). When a
nondistortionary output tax is used to finance expenditure there is a non-monotonic
relation between spending and growth, so that growth first rises with spending and
then falls. With a consumption tax used instead of the output tax the level of growth
always rises with expenditure. The effects of labour and capital taxes are less clear,
but cases are found where the relationship between spending and growth is non-
monotonic.

The finding of non-monotonicity can be used to help understand the empirical
results. The countries observed in a data set may be either side of the divide between
growth increasing with spending and growth decreasing with spending. If this is the
case it follows that when a regression analysis is undertaken there will be no clear
relationship between education expenditure and growth. A similar argument will be
discussed again later in connection with the work of Slemrod (1995). The results also
confirm that the tax policy used to finance expenditure is also important for the
growth consequences.

It is not necessary that education is provided publicly. Since there is a private
benefit to human capital accumulation some investment in education (not necessarily
the efficient level if there are externalities) will be made and financed privately even
if there is no public provision. A government therefore has the choice of either relying
on private choices, providing education publicly, or subsidizing private investment.



Ciriani (2007) addresses these different methods of educational financing. The
setting is an extension of the model of Zhang (2005) that incorporates random ability
shocks on human capital. The random shocks result in workers having different
inherited abilities to learn. The human capital of each worker is determined as the
product of inherited ability, spending by parent, and average spending in society.
Parents are altruistic and care about the human capital of their offspring. This
provides an intertemporal linkage.

The paper contrasts three financing systems: (i) private provision; (ii) free
uniform public provision financed by an income tax; and (iii) subsidization of private
provision financed by an income tax. The results show that subsidization can lead to
higher growth than either of the other two in the short run. Subsidization can also lead
to higher growth in the long run if the dispersion of inherited ability to learn is
sufficiently low. In terms of the points made by Blankenau and Simpson (2004) it is
important to observe that Ciriani (2007) determines the spending and tax policies
simultaneously, so these result describe the net effects on growth of the government
policy.

In the model of Ciriani (2007) all uncertainty is resolved before the human
capital choice is made. Krebs (2003) makes the alternative assumption that there is
still risk at the time at which the investment decision is taken. This causes there to be
a link between the tax system, its interaction with risk, and the choices made.

Krebs (2003) analyzes a model in which households face a choice between
investment in physical capital and investment in human capital. The return from
physical capital is risk free. In contrast, the return from human capital investment is
risky in that there is an idiosyncratic shock each period which can add to, or reduce,
the stock of human capital. As a consequence of risk aversion investment is biased
toward physical capital because of the risk to the return on human capital. This
implies that if a reduction can be secured in the risk on human capital then the level of
physical capital investment will be reduced and the level of human capital investment
will be raised. A policy aimed at reducing risk can therefore benefit growth since it
leads to a more balanced allocation of investment. The analysis shows that this
reallocation of investment effect can be so significant that even when a distortionary
income tax is used to provide insurance against human capital risks both growth and
welfare can increase. The importance of this paper is that it provides a new
perspective from which to think about the role of an income tax in affecting growth.

The decision to invest in human capital is affected by the discounted lifetime
flow of income. In most analysis only the income from employment is considered in
the lifetime flow but, although it is highly discounted at the time most human capital
investments are made, the income from social security in retirement is also a factor.
Lau and Poutvaara (2006) observe that the social security system affects the private
return to an investment decision if the expected flow of social security is dependent
upon the flow of income when working. There will also be a link between social
security and the equilibrium return through the consequences of individual decisions
for the aggregate capital stock. The major finding of the paper is that linkage between
social security benefits and contributions made while working raises the level of
human capital investment.

The role of public subsidization of education is further developed in Benabou
(2002). A model is constructed in which consumers produce using their own labour
and accumulated human capital. The equilibrium effect of a progressive income tax



and a progressive redistribution to educational expenses are determined. It is shown
that the intertemporal distortion caused by the income tax can be offset by other
policies which are unanimously supported by the population of consumers. The
numerical works trades off efficiency and equity to characterize an optimal interior
policy. The unusual feature of the model is that there is no interaction between
consumers in the market place. Each agent produces and consumes their own output
less what the government subtracts or adds in redistribution. Hence, this is a model of
economic activity that has no trade.

In the context of growth theory the use of college scholarship programs can be
seen as a method of increasing the accumulation of human capital. The success of the
programs in raising human capital is primarily dependent on the responsiveness of the
demand for education. Evaluation of the responsiveness is an empirical issue which is
discussed in Chapter 8. The issue that is now analyzed is how the means-tested nature
of scholarship programs interacts with other economic choices and policies. The point
is that the scholarship programs cannot be treated in isolation but must be viewed as
part of the overall household decision process.

The analysis of Feldstein (1995a) demonstrates that the structure of college
scholarship program can have a negative effect on saving. In this case a program that
is designed to provide means-tested assistance to encourage human capital
accumulation can damage growth by acting adversely on one of the other sources of
growth.

The argument is that college scholarships are assessed on the basis of parents'
ability to pay. This takes into account income and assets. The scholarship is reduced
as asset holdings increase, so this provides a disincentive to save. Feldstein assumes
that the system can be given the simple representation

S=a(E-64)+p for 0SS<E, (4.2)

where S is the scholarship received, E is the cost of college, 4 is the asset holdings of
the parents, « is the rate of adjustment of the scholarship, £ is any lump-sum grant

received, and @ is the marginal rate of tax on accumulated assets used to calculate the
parental contribution. The saving effect comes from the fact that as A4 rises the value
of § falls. This is equivalent to a higher rate of taxation applied to asset holding. An
analysis of the lifecycle decision of the parents shows that an increase in € reduces
the optimal 4 and E. The effect upon E can be interpreted as the choice of a cheaper
college. The effect of an increase in @ on choices is ambiguous, but it may also
reduce A4.

The empirical analysis uses data from the 1986 Federal Reserve Board Survey
of Consumer Finances and restricts attention to a homogenous group of households
(married couple, head between 40 and 50, children under 18 but none in college,
annual income positive but not more than $100,000). Let the annual capital levy on
assets under the scholarship program be ¢. This value is increasing in the level of
income. A family with children who will, in total, spend #n years in education face an

education capital tax of 6’=1—(l—t)". Because of the behavior of ¢ the education

capital tax also increases with income until a maximum is reached, then remains
constant until the maximum qualifying income level is reached. Instrumental variable
estimation generates the regression equation (with standard errors in parentheses)



A=-9934+|-2.04-1.4160+0.076 AGE |Y , (4.3)
(1.14) (0.60)  (0.026)

where AGE is the age of the household head and Y is household income.

The estimated equation shows that the educational tax has a negative and
significant effect upon asset accumulation. A family with income of $40,000 and a
head aged 45 with two children differing in age by 2 years would face the maximum
annual capital levy of ¢#=0.0846. The assumptions imply n=6 and € =0.41. The
regression predicts that this family would have reduced asset accumulation by
$23,124.

The paper concludes that educational scholarship programs can have major
impacts upon the level of saving. The structure of the program provides a disincentive
to save. When aggregated over households in the economy the result imply a
significant reduction in saving for the economy. There is therefore a conflict between
saving and encouraging human capital formation through scholarship programs.

A separate form of interaction is analyzed by Dynarski (2004). An incentive to
save for education is provided by 529 Savings Plans and Coverdell Savings Accounts.
The basis of these schemes is that the returns to saving are tax free if the withdrawals
are used to finance education. The point of the paper is to analyze the interaction of
these incentives with the aid packages granted by colleges. The important conclusion
is that the interaction means that the marginal tax rate is in excess of 100 percent for
some middle income families. This results from aid being withdrawn because of the
higher return on the savings plans. The implicit message is that this is should be
avoided but the paper does not explicitly address the effect on educational investment.

The accumulation of human capital does not have a single homogenous form.
There are different levels of education (primary, secondary, efc.) and different forms
of training (specific and general). Analyzing the aggregate level of human capital in
an economy can overlook some of the finer detail that can influence the rate of
economic growth. Most empirical analysis considers only the division into different
levels. Some recent work theoretical work has tried to move beyond this to explore
the implications of different forms of human capital accumulation.

Krueger and Kumar (2004) note that there has been a widening of the growth
differential between the US and Europe. During the 1970s there was little difference
in growth rates between the two regions. But through the 1980s, and especially in the
1990s, the US grew consistently faster than Europe. The paper observes that this has
occurred during the new “information age” and that the US has been noticeably faster
in the adoption of new technology. An explanation is provided as to why this might be
SO.

The answer proposed is that human capital can take either a general form or a
specific form. Two claims then support the analysis. First, the specific form of human
capital is the outcome of vocational training. Second, the general form of human
capital allows much quicker adaptation to new technology. Evidence is presented to
show that Europe has concentrated more on vocational training and the US has
concentrated more on general training. The basic component of this evidence is
presented in Table 4.4. This shows the division of the secondary education population
between general and vocational training. In the US there is no separate vocational
stream. The table also reports the entry rate into university. The paper asserts that



university provides general training so arrives at the conclusion that the US has much
less vocational training than Europe.

% upper | % upper | University
sec.in | sec. in net entry
general | vocational | rate
Austria 23 77 26
Finland 48 52
France 47 53 33
Germany 23 77 27
Italy 28 72
Netherlands | 30 70 34
Sweden 44 53
EU 42.4 57.6
United States 52

Table 4.4: Education indicators

A model is constructed which captures these two features. Households choose
between specific and general training. General training is costly to obtain. Firms
select the rate of adoption of new technologies. It is shown that the model can
replicate some of the claims: an economy with relatively more vocational training will
not grow as fast as one with general training when there is technological advance.
This conclusion is interesting but not absolutely compelling. The US has seen
redundancies and has experienced significant costs of adjustment in the move from
traditional manufacturing industries to new information technology industries. There
is also the fact that the US has probably relied on a considerable quantity of imported
labour in the high technology sectors. This is not reflected in the education data
presented by the paper. The division of human capital into the two forms also seems
unconvincing when one tries to categorize various educational programs into
vocational or general.

The analysis of Blankenau (2005) considers how the division of expenditure
between lower-level education and higher-level education may affect growth. The
model employed has an overlapping generations structure. It is assumed that low-level
education is compulsory but high-level education is optional. Part of the cost of high-
level education may be funded by the government, but the remainder has to be
financed privately. The return to high-level education is an increase in income. The
paper is focuses on the best allocation of government expenditure to the two levels of
education. The tax instrument used to finance government expenditure is a lump-sum



tax on income and so is non-distortionary. It is demonstrated that high-level education
should only be subsidized once a critical level of expenditure is reached. Prior to this
level being reached all expenditure should be on low-level education. This is not
surprising when there are decreasing returns to low-level education, the return to
high-level education can be privately captured in higher wages, and there is a perfect
capital market so nothing restricts efficient individual investment in high-level
education.

4.4.2 Research and Development

The model of endogenous growth through innovation makes clear the importance of
research and development (R&D). Aghion and Howitt (1992) emphasize the fact that
a competitive market may not generate an efficient outcome because of the
externalities associated with R&D. It is these externalities that have motivated
research that estimates the private and social returns to innovation. If these are not
aligned then there is potential for economic policy to enhance efficiency by
countering the effect of the externality.

Jones and Williams (1998) build on the modelling of innovation in
endogenous growth models to calculate the social rate of return to R&D and hence to
contrast the optimal amount of R&D with the equilibrium amount. The idea used is to
take the production function for output, the production function for “ideas” and to use
these to consider a variation: reduce consumption today, raise R&D today, reduce
R&D tomorrow (to keep future path of ideas the same) and ask how much output goes
up. No private individual will wish to undertake this variation (since it is assumed that
each is optimizing). But if there are any externalities or distortions society may wish
to make the deviation. The social return to R&D is the gain in consumption from this
variation. The central feature of the analysis is that the construction of the social
return does not depend on market conditions but only upon production possibilities.
What the market determines is where on the trade-off between R&D and consumption
the economy is located.

The paper proceeds to set out a growth accounting methodology for evaluating
the component of total factor productivity generated by R&D. This leads to the
change in TFP being regressed on the share of R&D expenditure in GDP. The
estimated coefficient gives the return. Table 4.5 summarizes results that studies using
this methodology have obtained. The variable 7 (own) is the return on privately
financed R&D. The variable 7 (used) is the return on R&D in one industry financed
by R&D expenditure of another industry. The value of Sum is the social return to
R&D. The studies report high estimates of both the private and social return: own
R&D has a return on 27 percent and the spillover has a return of about 70 percent, so
the social return is 100 percent.

Study 7 (own) | 7 (used) | Sum | Years

Sveikauskas (1981) 0.17 59-69
(0.06)

Grilliches (1994) 0.30 78-89
(0.07)




Grilliches and Lichtenberg (1984a) ?34) 69-73
0.08

Terleckyi (1980) 0.25 0.82 1.07 | 48-66
(0.08) (0.21)

Scherer (1982) 0.29 0.74 1.03 | 73-78

(0.14) (0.39)

Grilliches and Lichtenberg (1984a) | 0.30 0.41 0.71 | 69-78
(0.09) (0.20)

Table 4.5: Estimated rate of return to R&D

The major point of the analysis is the observation that the methodology
underlying the estimates in Table 4.5 ignores congestion in R&D, intertemporal
knowledge spillovers and diminishing technological opportunities. These overlooked
components include both positive and negative effects but the paper argues that their
net effect must be positive. This implies that the estimates in the table are in fact a
lower bound on the social return. The estimated social return is then used to predict
the under-investment in R&D. The conclusion is that optimal R&D is two to four
times observed R&D.

The measurement of the social return to R&D is also addressed by Comin
(2004). It is assumed that innovation is a free-entry industry and therefore must satisfy
a zero-profit condition. This can be used to obtain the value of innovations. The
argument that there is a limited externality in embodied innovations makes it possible
to derive an expression for the social value of innovation. This social value is then
used to determine the contribution of innovation to output growth. What is concluded
is that this contribution has a very low upper bound. This means that little of the
Solow residual (see Chapter 7 for an extended discussion of the meaning of the Solow
residual) can be attributed to expenditure on R&D. This is in contrast to the empirical
evidence described above. It is concluded that US innovation may be taking place at a
socially-optimal rate.

The basis of the Comin approach is to assume that R&D innovations are
embodied. Free-entry to R&D implies R&D firms break even, so the cost of resources
devoted to R&D must equal the value of newly-developed technologies. It follows
that the relationship between the share of resources devoted to R&D and the growth
rate of technology is a linear function of the inverse of the market value of an
innovation. This presumes that innovators are small. The derivations of the paper
yield the expression

Contribution of R&D to productivity growth = i e , (4.4)
l-a(a 4 _
Han

where 1—a = labour share in output, s=R/Y, R = spending on R&D, yy is the
growth rate of output, 7 is the inverse of the elasticity of substitution between

different intermediate goods in production. This is evaluated using the parameters » =



0.07, yy =0.034, o =0.33, r = 0.07 and plotted in Figure 4.3. The upper line in the
figure is for n = 1.2, and the lower line for 7 = 1.5. Note that for both values the

graph has a discontinuity for slightly larger values of s. At the R&D intensity
observed in the US (s = 0.2) the R&D contribution represents only one tenth of the
annual growth rate of 2.2 percent. To account for all the productivity growth in the
US the R&D intensity must be s = 4.8 when 7 = 1.5, and 7 = 8 when 7 = 1.2. These

observations led the paper to conclude that much of the growth in 7FP is unexplained.
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Figure 4.3: Contribution of R&D to productivity growth

An important feature of R&D is that the spillover effects are not contained
within national borders. For example, innovation in computing hardware in the US
rapidly diffuses across the world. This raises the level of technology in every country
that adopts the new hardware. The adoption of technology created elsewhere is likely
to be the major source of growth for many countries. Such observations have
motivated extension of the innovation model to an international setting.

Howitt (2000) develops the model of Schumperterian innovation by creative
destruction to fit within an international setting. The basic structure of the model is
that firms invest in R&D and innovations arrive randomly but at a rate influenced by
the R&D expenditure. The innovations transfer across countries but the process
modelled for this is questionable. The transmission mechanism is that if a country
makes the next innovation the level of innovation will be above the maximum
achieved anywhere in the world. Hence, an innovation leapfrogs a country to the top
of the technology ladder. Implicitly, this is assuming that all countries have access to
the best available technology (or at least knowledge of that technology) and can
improve upon it by innovation. In practice, a better description would be of countries
with a range of technology levels with innovation being with respect to the best level
to which they have access. Other than this self-produced innovation there is no other
transmission mechanism for technology to diffuse. It might be expected that
technology would filter down through trade or through foreign direct investment but
these processes are not incorporated within the model.

As a consequence of the assumptions a country that does not spend on R&D
simply stagnates. It is claimed that this model generates relationships between growth
and economic variables that are essentially the same as for the Solow model but with



the inclusion of some additional terms. Hence, the regressions that fit reasonably well
with the Solow model do not show that endogenous growth models are inappropriate
but in fact may be miss-specified. It is argued that the miss-specification results in an
over estimate of the capital share in generating growth. These comments relate to the
controversy begun by Mankiw et al. (1992) and discussed further in Section
reftesendog. The representation of growth is interesting for the debate on endogeneity,
but the international transmission mechanism for innovation does not accord with
expectations.

Diao et al. (1999) present an alternative endogenous growth model that
accounts for international spillovers of technology. The model is based on each
country possessing an aggregate production function for R&D. Incorporated within
this production function are two spillover effects. First, the output of R&D is
proportional to the total level of accumulated knowledge with each country. Second,
these is an international spillover. The international spillover arises from the trade in
investment goods. The purchase of investment goods from abroad is viewed as adding
to the total stock of knowledge through the technology embodied in those goods. The
model is calibrated to data for Japan and employed to study the effects of trade policy
and policies designed to stimulate R&D. It is shown that strategic trade policy does
not increase R&D at home significantly, but can increase the spillover effect which in
turn raises growth. Conversely, trade liberalization can reduce growth. Policies that
directly subsidize R&D are found to have significant growth-enhancing effects at a
low net cost to taxpayers.

The potential inefficiency of the competitive equilibrium when there is
innovation provides scope for efficiency-enhancing policy intervention. This has led
to studies of the effect of tax policies on R&D.

Lin and Russo (2002) compare the consequences of cuts in capital taxation in
a model with exogenous innovation to the effect in a model with endogenous
innovation. When innovation is exogenous a cut in the capital tax raises the level of
saving. When innovation is endogenous a cut in the tax raises innovation as well. The
model is then calibrated to fit US data. This exercise suggests that the exogenous
innovation model underestimates the effect of tax cuts on innovation.

It is often observed that the private R&D choices of a firm does not into take
account the losses imposed on previous innovators nor on possible duplication, so
there is potential that R&D may undertaken at too high a level. However, private
choices also do not take into account the social return, so providing a reason for R&D
expenditure to be too low. Russo (2004) notes briefly some limitations of the
empirical work on R&D as a justification for conducting a CGE study to rank the
effectiveness of different tax schemes. The model used is based on those of Romer
(1990a) and Jones (1995). Labour effort is an input into the advancement of
knowledge. There are potential spillover effects, potential duplication effects, and
crowding effects. The simulation results that are given emphasis are that: (i)
incremental and comprehensive R&D tax credits produce relatively large increases in
research effort and welfare; (ii) lower income tax rates and tax credits for downstream
users rank next; (ii1) investment tax credits for upstream producers are ineffective; and
(v) incremental credits dominate comprehensive credits.

4.4.3 Government spending



Government expenditure can be used for consumption or for the provision of a public
capital good. The model of Barro shows how growth can be sustained by
accumulation of the public capital good. The includsion of this effect in a simulated
policy experiment changes the manner in which taxation affects growth.

Baier and Glomm (2001) extend the simulations of Section 4.3. The basic
assumption is that the set of productive inputs is expanded to include physical capital,
human capital and a publicly-provided input. This provides a positive role for taxation
to finance the public expenditure. Government expenditure is divided between
investment in the productive input, provision of a utility-enhancing service, and
transfer payments. These expenditures are financed by distortionary taxes on capital
and labour.

The paper provides some analytical results for the special case of a Cobb-
Douglas production function and some simulations. The main results are that the
growth rate increases the higher is the proportion of government revenue spent on the
productive input relative to the proportion that is redistributed, and that the optimal
tax on capital is positive. The positive tax on physical capital is interpreted as
recovering some of the return to public capital (or, alternatively, putting a price on
public capital for the private firm). Simulations of a CES technology support the
result that the growth rate is increasing in the proportion of government expenditure
on investment. Holding spending patterns fixed and increasing the tax rate ultimately
decreases the growth rate (although it may increase for low tax rates). The paper
captures some aspects of the simultaneity between taxation and public expenditure
that is apparent throughout the empirical literature.

Many of the policy experiments consider only tax systems with a constant
marginal rate. This is typically for reasons of analytical and computational simplicity.
An exception to this is the work of Li and Sarte (2003) who analyze the consequences
of progressive taxation. The basic assumption is to capture progressivity by a single
parameter. To achieve this a progressive tax function is defined by

¢
-

where ¢ measures the degree of progressivity. This tax function is embedded in two

alternative endogenous growth models: Rebelo's model where government spending
is not productive and Barro's model where government spending is an input.

The analysis focuses on how changes in taxes affect growth and income
distribution and hence revenues via the progressive tax. The central observation is that
the marginal rate of tax is endogenous and that more progressive statutory rates do not
always imply more progressive effective rate - this can be caused by changes in the
income distribution. The simulation analysis reports that the growth effect of a
decrease in the marginal rate of tax relative to average rate of tax was positive but
small. The size of the effects is summarized in the observation that the changes in US
tax laws between 1981 and 1986 contributed at most 0.29 percent to per capita GDP
growth.

The effect of switching from a progressive tax system to a flat rate tax system
is simulated in Cassou and Lansing (2004). The focus of their analysis is the Hall-
Rabushka flat tax proposal to place a single tax rate on all labour income above a



threshold and on all capital income after fully expensing investment expenditures. The
model has a single representative consumer who chooses physical capital and human
capital use to maximize utility. Both forms of capital require investment of resource to
be produced.

The simulations consider the consequences of reform from the current US tax
system. The first step is to approximate the US system by the average tax rate (ATR)
function

ATR = 0.2528(Income ratio )", (4.6)

where n = 0.2144 and the income ratio is defined as income divided by mean income.
Other parameters introduced are 7 which is the degree to which business income is

double taxed, and ¢, the fraction of investment in physical capital that can be
expensed. The outcomes of the policy experiments are shown in Table 4.6 where g,

is the growth rate of output, 7 is the mean personal tax rate, and 7, is the mean
business tax rate. All of the reforms raise the rate of growth with the single exception
of maintaining progressivity in the tax structure. The greatest increase in growth
occurs when the flat tax is introduced but 7 remains at the value of 1 (complete
double taxation of business income). These results are further evidence that
progressivity is harmful to growth in these simulation models.

Tax system Tax rate g,

Progressive tax system (US) T,= 0.253,7, =0.35 | 1.800

Baseline flat tax reform 7 =0.3437 1.857
Reform with no change in ¢, | 7 =0.3174 1.854
Reform with no change in | 7 =0.3169 1.953
Reform with no changeinn | 7 =0.3431 1.638
Pure consumption tax reform | 7 =0.3520 1.878

Table 4.6: Flat-tax reforms

Some further implications of the division of government expenditure between
consumption and investment are investigated by Chen (2006). The paper considers an
endogenous growth model with a representative consumer. The government can
divide its revenue between spending on consumption and spending on a productive
input. The paper conducts an optimization exercise and considers the effects of
changes in parameters upon the optimal outcome. This exercise is intended to be
related to the distinctions between countries and growth rates. The essence of the
results is that changes in parameters have a direct effect upon growth and an indirect



effect via the re-optimization of the division between consumption and production.
This leads to policy changes having stronger growth effects than predicted by models
in which the government does not optimize.

4.4.4 Additional issues

There are two further papers worth noting that investigate further features of the
growth process.

Palomba (2004) constructs a two-country model. This has overlapping
generations of consumers but an AK production structure to ensure endogenous
growth. The key feature of the model is that capital is internationally mobile between
the two countries and locates in whichever country offers the highest net return. Each
country levies a source tax on capital invested in that country plus a tax on residents
capital incomes regardless of source. These taxes determine the international
allocation of capital via the equalization of net rates of return. A variation in tax
policy affects both the allocation of capital between countries and the total world
stock of capital through the saving decisions of the consumers. The paper claims that
a reduction in tax rates can increase the immediate amount of capital by obtaining a
greater share of the existing stock, but ultimately led to a fall in the growth rate.
Therefore, what appears to be an attractive policy in the short run does not prove to be
so in the long-run.

Benabou (1996) provides a detailed survey of the literature relating inequality
to growth. Three mechanisms are identified that can generate a causal link between
these two variables. First, distributional effects have an effect through the balance of
power in the political system. The lower is the income of the median voter the more
political support there is for redistribution. Redistributive expenditures can lessen
incentives for risk-taking and innovation and reduce growth. Second, imperfections in
credit markets prevent the poor from being able to undertake an efficient amount of
investment. Because of this, their marginal product is higher than the equilibrium
level, which can be exploited by redistribution to aid growth. An increase in
redistribution reduces the capital market constraints faced by the poor and allows their
investments to move closer to the efficient level. Third, sociopolitical conflict can
reduce the security of property rights, which discourages accumulation. A widening
income gap gives the poor an incentive to engage in rent seeking. Redistribution
addresses both of these issues. For these reasons it is to be expected that there will be
a negative correlation between growth and inequality in cross-country data.

The links between fertility and development are studied in Lord and Rangazas
(2006). The paper claims that data support the argument that an increase in the
schooling of younger children raises fertility as they become more valuable and can
add to family income. In contrast, an increase in schooling of older children reduces
fertility because it raises the productivity of parents and the extra child income is not
needed. The model is applied to long-run data from the US and England. It is also
claimed that the move away from household production is also relevant for the
changes in fertility. The model used is an overlapping generations one, so the growth
component is limited.

4.5 Summary



This chapter has reviewed the contributions of a wide range of theoretical models.
Simulation of the basic endogenous growth model with human capital accumulation
produced a widely varying set of predictions. Amongst these predictions there is one
element of constancy: none of the models contradicted the claim that a consumption
tax will increase growth. It was also supported when more detailed modelling of the
human capital decision was introduced. This is a result that will recur frequently in
the review of empirical research.

The results also demonstrated that there can be two-way causality between the
choice and growth. In particular, an increase in human capital accumulation raises
growth and increased growth provides a greater incentive for human capital
accumulation. This two-way causality is important when the results of growth
regressions are discussed.

Educational scholarship programs are an example of a policy that at first sight
appear only to be advantageous for growth. Closer inspection reveals that the means-
tested structure of the programs gives a disincentive to save because of the rate of
withdrawal with respect to asset accumulation. Human capital rises, but the net effect
on growth is uncertain if saving falls.

Finally, there are good arguments that the social benefits of R&D exceed the
private benefits. This provides an argument for subsidizing R&D with the intention of
raising growth. The theoretical results also indicate that R&D may be sensitive to
taxation. This later claim needs to be confronted with empirical evidence.



Part 3
Aggregate Analysis



Chapter 5: Growth Regressions

e Growth regressions analyze the effect of a wide range of economic and
non-economic variables on the growth rate of output

e The early literature claimed several variables were significant for
growth

e Evidence supported the convergence hypothesis and showed
government consumption expenditure was harmful for growth

e Extreme bounds analysis reveals most variables to be fragile

5.1 Introduction

There is a substantial body of literature that seeks to identify from data the factors that
determine the rate of growth. This line of research was pioneered by Barro (1991) and
the general methodology now goes under the name of Barro growth regressions. The
methodology has developed as the research has been undertaken but the conclusions
(and even the methodology) remain contentious. This chapter describes the major
findings of the growth regression literature and the conceptual issues that arise.

The general form of these regressions is that the growth rate of GDP is taken
as the left-hand side variable in a regression. The variables on the right-hand side are
selected from a very wide range of potential regressors. These range from economic
variables, such as ratio of investment to GDP, to non-economic variables such as
political rights and violent wars. The non-economic variables are included to capture
the stability of the political environment of each country. The data are typically taken
from the Summers and Heston (1988) data set and its later developments. This data
set covers a large cross-section of countries and attempts to ensure consistency of
definition and measurement across countries and across time.

Plosser (1992) provides a very useful table that illustrates the basic issues
involved. The table summarizes the basic data on countries and the correlation
between a number of variables and the growth rate of GDP. This is reproduced as
Table 5.1 below. The statistics are presented for all 97 countries in the sample, and for
a partition of the total set into fast-growth and slow-growth countries. The table shows
that fast-growth countries have a higher investment to GDP ratio, lower inflation,
engage in more trade, and have greater school enrolment rates. Slow-growth countries
have faster population growth and more political instability. Initial per capita GDP in
1960 is positively correlated with growth which runs counter to the convergence
argument described in Section 2.4. The essence of the growth regressions is to test
whether these correlations can be supported by formal statistical significance tests of
explanatory power.



Overall | Slow Fast Correlation
average | growth | growth | with GDP
n=97 |<0.5% |>3.5% | growth
n=23 | n=14 |rate

Real per capita GDP | 2.03% | -0.26% | 4.88% | 1.00
growth 1960-89

Investment 21 A7 26 .61
share of GDP
Share of government | .15 15 14 10

consumption in GDP

Inflation rate 23.00% | 42.11% | 7.90% | -.17

Standard deviation 52.38 137.19 | 5.68 -.16

of inflation rate

Exports as a 28 24 35 .30
share of GDP
Imports as a 33 .30 40 31
share of GDP
Secondary school 21 .06 34 41

enrolment rate 1960

Primary school 74 44 .98 .54

enrolment rate 1960

Population growth 2.06% |2.55% | 1.26% |-.36

Revolutions and .20 35 12 -.37

coups per year

Real per capita $1840 | $889 $1968 | .20
GDP in 1960

Table 5.1: Growth characteristics 1960 - 1989

5.2 Barro Regressions



Barro (1991) analyzed a cross-section of 98 countries using the data from the period
1960 - 1985. This analysis is worth describing in detail since it marked the start of a
considerable body of literature. Several different specifications of the basic regression
were run. Overall, the results showed that the growth of per capita GDP is positively
related to the initial level of human capital and negatively related to the initial level of
per capita GDP. This second observation is usually taken as evidence of convergence:
countries with lower initial GDP grow faster than those with higher initial GDP, so
there must be convergence. This demonstrates how the inclusion of further variables
is able to reverse the sign of the simple correlation reported by Plosser (1992).
Growth was also shown to be inversely related to the share of government
consumption in GDP and positively related to the variables measuring political
stability.

A flavour of these results can be obtained by reporting Barro's regression No.
1. The fitted regression equation is

7 ye08s = 0.0302—0.0075 GDP60 +0.0305 SEC60
(0.0066) (0.0012) (0.0079)

+0.0250 PRIM60—-0.119g°/y—0.0195REV

(0.0056) (0.028) (0.0063)
—0.0333 455455 —-0.0143 PPI60DEV (5.1)
(0.0155) (0.0053)

where the standard errors are in parentheses. The variable y,6ogs is the annual

average growth rate from 1960 to 1985. GDP60 is the level of per capita GDP in
1960, SEC60 the 1960 secondary school enrolment rate, PRIM60 the 1960 primary

school enrolment rate, g“/y is government consumption spending, REV is the

number of revolutions and coups per year, ASSASS is the number of assassination per
million population per year and PPI60DEV is the deviation of the 1960 purchasing
power parity value for the investment deflator from the sample mean.

The interpretation of these variables is that GDP60 is included in the
regression to capture the convergence hypothesis that low income countries will grow
more rapidly than higher income countries. The basis of this claim is the Solow model
of exogenous growth. If all countries have the same production technology those with
a lower capital labour ratio will observe a higher marginal product of capital and
hence higher gains from additional investment. The variables SEC60 and PRIM60 are
included to capture the role of human capital. As suggested by endogenous growth
theory the accumulation of human capital can overcome the decreasing returns to
capital in the Solow model and ensure continuous growth. The estimated coefficients
show that increased human capital implies faster growth and that higher GDP in 1960
implies lower growth given equal levels of human capital. The coefficients can be
interpreted as supporting the concept of £ -convergence as defined in Barro and Sala-

i-Martin (1995).

The negative coefficient on the government expenditure variable has several
interpretations. It is important to observe that this is consumption expenditure by
government, so that this does not conflict with the modelling of productive
government expenditure raising growth. The negative value may demonstrate that



government spending is somehow purely wasteful, but note that in many of the
countries in the sample a significant fraction of the government consumption
expenditure will be upon education which is already controlled for in the regression. It
is also possible that government spending is just a proxy for the entire set of
government non-price interventions. These include, for example, employment
legislation, health and safety rules and product standards. It may be these non-price
interventions, not the level of expenditure, that are responsible for reducing growth.
The government budget constraint also means that for every expenditure made by
government there is a corresponding item of taxation or borrowing to provide finance.
The negative sign could be capturing the distortionary consequences of the financing.
More will be said about how government size and taxation is related to economic
growth in the next chapter.

The policy implications of this regression are that increased education will
raise growth, subject to the caveat that this may raise government spending which has
the opposite effect, and the economic stability is important for growth. The effects of
educational expenditure are discussed from an alternative perspective in later
chapters. At this point it is worth noting that there are significant questions to be
raised about the interpretation of the human capital variable that enters these
regression equations. In terms of the theory of endogenous growth human capital
measures the level of skill in production activities. It is not immediately clear that the
proportion of population in education is a good measure of this skill. The literature on
human capital has distinguished between specific and general training. Measures of
primary and secondary education are more likely to contribute to general training
rather than specific training. If it is specific training that raises the productivity in
employment then the education measures will not capture what is really relevant for
human capital.

More recent research by Loayza and Soto (2002) in a Central Bank of Chile
report provides a table of growth rates for various regions and the result of a Barro
growth regression. This regression confirms with the standard results reported above.
Keller and Poutvaara (2005) add both human capital and R&D into the standard
growth regression framework. They show that for the non-oil producing and non-
OECD countries the coefficients on physical capital, human capital and R&D are
significant and positive both for income and growth.

5.3 Robustness of Coefficients

The literature on growth regression has identified a wide range of variables that one or
more regression has found to be correlated with the growth rate. Loayza and Soto
(2002) provide a discussion of the theory behind the inclusion of some of the most
common variables. However, the theory provides limited guidance on what should be
included, and even less on which variables can be excluded. In addition, the greater
the number of variables that are included as explanatory variables the greater is the
likelihood that some subset of variables will be highly correlated with each other thus
making it difficult to disentangle the individual effects. This raises the issue of how to
refine the regressions and identify the variables that need to be considered.

In a paper of fundamental importance Levine and Renelt (1992) demonstrated
the basic deficiency of growth regressions. Their work took two existing papers
(Barro (1991) and Kormendi and Meguire (1985)) and placed all the variables found



to be significant in these papers into a single regression. When included together all of
the variables became insignificant. This finding was used to motivate the use of
extreme bounds analysis, a technique introduced by Leamer (1983). Extreme bounds
analysis conducts a regression with a set of basic regressors, then the regressor of
interest, then includes a further set of possible regressors. The latter variables are
chosen from the set of potential regressors to obtain the maximum and minimum
values of the estimated parameter on the variable of interest. The regression is termed
fragile if the coefficient on the variable of interest switches from significant to
insignificant as the set of regressors is changed or if the estimated parameter changes
sign. Further details are given in the appendix to this chapter.

Levine and Renelt use four basic variables in all regressions. These are all
supported as relevant by the theoretical analysis of the Solow growth model. These
variables are the investment share of GDP, the initial level of GDP per capita in 1960,
the initial secondary-school enrolment rate, and the average annual rate of population
growth. In implementing the extreme bounds analysis Levine and Renelt restrict
attention to the inclusion of only three additional regressors but still find almost all
variables are fragile. The only variable that is not fragile is the ratio of investment to
GDP for the growth regression. The analysis is repeated for an investment regression
and the only variable that is not fragile is the ratio of trade to GDP. There is also some
weak evidence of conditional convergence. That is, the parameter on initial GDP is
negative in the regression for growth. This paper was the starting point for all of the
later literature since it introduced the extreme bounds analysis and the concept of a
fragile coefficient.

The problems inherent in growth regressions are explored further in Levine
and Zervos (1993). Their discussion begins with a summary of the statistical
problems. First, the data may be inaccurate and inconsistent. These problems are
particularly relevant for growth regressions that use data from a large number of
countries with differing techniques for collecting data and defining variables. Second,
the data may not be drawn as a random sample if there are fundamental differences
between countries. Third, there is the problem of averaging the data across a number
of countries and over a time interval in which many factors are likely to have
changed. There are also limitations in the use that can be made of the regressions. The
regressions do not demonstrated causality but only correlation. Furthermore, the
results cannot be interpreted in policy terms because many of the variables do not link
directly with policy instruments.

The paper provides a simple discussion of extreme bounds analysis and the
methodology for testing whether a variable has a robust relationship with growth. It is
concluded that only the state of financial development and the black-market premium
have a significant effect, and that other variables have a relationship that is fragile.
However, it is not clear what the black-market premium is capturing. In summary this
paper paints a very negative picture of the literature on growth regressions.

There are two conclusions that can be drawn from this discussion. The first is
the obvious one that in fact only a very small number of variables are correlated with
economic growth. The extreme bounds test reveals that most of the reported
correlations are fragile and possibly an artefact of the choice of conditioning
variables. The second argument that can be made is that the extreme bounds test is too
strong. Under this second interpretation it is the test that is rejected and not the
correlations or the methodology.



Two reasons for rejecting the extreme bounds test are provided in Sala-i-
Martin (1994). The paper observes that over 50 variables have been found to be
correlated with growth in the literature but before these can be taken as a guide to
policy the Levine and Renelt (1992) criticism has to be addressed. The view of Sala-i-
Martin is that the point estimates of the coefficient must follow a distribution as the
conditioning set is changed. He then observes it is unlikely that the domain of the
distribution is only positive or only negative. This suggests that the extreme bounds
test may be too strong and what really matters is the distribution of the estimator and
whether it is concentrated on a narrow subset of the domain. Also, it is observed that
Levine and Renelt always find some set of policy variables that matter. It is proposed
that the issue is the correlation of the policy variables which are all different imperfect
measures of some underlying economic picture - such as high inflation distorted trade
and repressed financial sectors all being present simultaneously. Hence, it is not that
policy does not matter but that the data cannot precisely identify which policy.

Sala-i-Martin (1997a, b) implements an alternative method of determining
which coefficients have a significance that survives regardless of the choice of other
regressors. This alternative method is to run many regressions to obtain a distribution
for the estimated coefficients and then look at how much weight in this distribution
lies on either side of the origin. This can only be implemented by making an
assumption about the distribution of the coefficients. Both the normal distribution
across models and a non-normal distribution are considered. In the normal case the
mean of the sample is constructed by calculating a weighted average using the
likelihood of the regression as the weight. Then the variance is computed using the
same weights. In the non-normal case for each regression the area under the density
function to the right of 0 is calculated then the weighted average of all these densities
is found. This is repeated for unweighted average to avoid the problem that spurious
regression caused by endogenous regressors may assign too much weight to bad
regressions. Then the procedure of Levine and Renelt is repeated using some of the
regressor in all equations, one variable of interest and three drawn from the set. Sala-i-
Martin found 63 variables in the literature that he chose to use (he claims more are
available) plus average growth rate of GDP between 1960 and 1992. For the three
fixed variables he chooses level of income in 1960, life expectancy in 1960 and
primary school enrolment rate in 1960. The average investment rate was given a
special role, as it appears in one set and not in another.

The results show that of the 59 variables (62 less three fixed) 58 fail the
extreme bounds test in the sense that coefficient range spans zero. The one exception
is the fraction of population following the Confucian religion. However, this is most
likely just a dummy for East Asian countries. A larger number of variables were
significant 90 or 99 percent of the time. In fact, 22 of the 59 variables have over 95
percent of their distribution located either to the right or to the left of 0. The full list
along with their average estimated coefficient is given in Table 5.2 in order of
significance (Equipment investment being the most significant). The most important
observation is that government spending (including investment) does not appear as
one of these, nor do any measures of financial sophistication. The weighting process
does not seem to have much impact. The fixed variables that appear in every
regression were tested and found to be significant in most regressions.



Variable Coefficient
Equipment investment 0.2175
Number of years an open economy | 0.0195
Fraction Confucian 0.0676
Rule of law 0.0190
Fraction Muslim 0.0142
Political rights -0.0026
Latin American dummy -0.0115
Sub-Saharan Africa dummy -0.0121
Civil liberties -0.0029
Revolutions and coups -0.0118
Fraction of GDP in mining 0.0353
SD black market premium -0.0290
Primary exports in 1970 -0.0140
Degree of capitalism 0.0018
War dummy -0.0056
Non-equipment investment 0.0562
Absolute latitude 0.0002
Exchange-rate distortions -0.0590
Fraction Protestant -0.0129
Fraction Buddhist 0.0148
Fraction Catholic -0.0089
Spanish colony -0.0065

Table 5.2: Mean coefficients

5.4 Further Work



The have been several developments of the method of growth regression to take
account of some of the difficulties noted above. These developments have used
alternative estimation methods or restricted attention to a limited range of countries.

Folster and Henrekson (2001) argue that analysis of the relationship between
growth and the size of government should be restricted to countries in similar wealth
ranges. This argument is based on an application of Wagner's law that the demand for
public sector goods depends on income and the stage of development. This argument
is given support by the observation that the composition of expenditure is different
between rich and poor countries. Hence, the paper focuses upon a sample of OECD
countries.

The initial step is to regress the growth rate on the investment share in GDP,
the growth rate of the labour force, the growth rate of the number of years of
schooling, initial income and then two measures of government size (total taxes as a
share of GDP and total expenditure as a share of GDP). This regression is undertaken
for a pure cross-section of OECD countries using average growth rates and average
values of variables over the period 1970 - 1995. In this regression the government size
variables are insignificant.

The question is raised of why growth regressions average over the long run.
One possible advantage of averaging is that it eliminates short- and medium-term
effects such as business cycles. However, averaging has numerous disadvantages.
First, simultaneity problems arise in that government size may be correlated with
GDP for demographic reasons. Second, tax policy may be endogenous with high taxes
maintained if growth is good. Third, averaging discards all information on within-
country variation.

The paper therefore suggests the use of panel methods but with 5 year
averages in order to avoid lag problems. Fixed country effects are accounted for by
using dummies. Period dummies are also included to remove the spurious correlation
because most countries have seen falling growth. The panel estimation reveals a
highly significant negative effect for government expenditure. If the expenditure ratio
increases by 10 percent of GDP then growth is lower by 0.7 - 0.8 percentage points.
The estimate is subjected to an extreme bounds robustness test and expenditure is
found to have a robustly negative coefficient.

The analysis of Folster and Henrekson (2001) is severely criticized in Agell et
al. (2006). Three issues are raised. First, the work of Folster and Henrekson switches
from actual growth to potential growth in their regressions and do not make this clear.
Second, the authors of the reply cannot replicate the results, nor can Folster and
Henrekson recover the data they use. Third, there are problems with the econometric
specification. Folster and Henrekson use two-stage least squares but Agell ef al. claim
that they do not instrument properly.

Agell et al. also offer some comments on a number of problems with the
general methodology of growth regressions - omitted variables, measurement errors,
reverse causation, nonrandom sample selection — and looks at reverse causation and
nonrandom sample selection in the context of Folster and Henrekson. Reverse
causation refers to public sector causing growth, and growth causing the public sector.
This reverse causality should be controlled by instruments. Using this technique Agell
et al. generally find that the effects of the tax share and the expenditure share are
insignificant and unstable across specifications in the correct regressions. The non-



random sample selection problem is the addition of rich countries to the sample.
These are non-random so invalidating results.

Folster and Henrekson (2006) dispute the findings of Agell ef al., arguing that
it is based on only one sample and uses weak instruments. It is also contended that the
instruments chosen by Agell et al. are weak and do not solve the simultaneity issue.
Folster and Henrekson continue to claim that the strongest result of their paper does
show a robust negative correlation between government size and the rate of growth.

Sala-i-Martin et al. (2004) develop a further method for aggregating
regression coefficients across different regressions. This uses a Bayesian approach.
The Bayesian approach begins with a specification of the prior distributions of the
relevant parameters conditional on each possible model. The number of variables in
the growth regressions makes this impractical since this number is so large. This has
the consequence that implementation of this approach begins from an arbitrary set of
priors. The method in this paper (BACE) combines averaging across models with
OLS estimation. The paper provides a construction for updating the prior beliefs into
posterior beliefs which is developed on the basis that the data become very
informative. This leaves the problem of providing priors which is solved by choosing
a mean model size with the probability attached to a model declining if it becomes
larger or smaller than the mean. The alternative models were then sampled using the
priors initially and then the posteriors. The data employed 67 variables from the usual
range.

For a model of size 7 this generates 18 variables with a posterior probability
higher than the prior probability. These are the ones that the data are suggesting
should be included. The paper also reports the fraction of regression for which the
absolute value of the ¢ statistic for these variables is greater than 2. Table 5.3
summarizes the main results. The first column describes the explanatory variables.
The second column gives the posterior mean coefficient on the variable from the
regressions in which it was included. The final column gives the fraction of
regressions for which its ¢ statistic was greater than 2. The final column makes clear
the fact that regression models can be found in which each variable would be judged
as fragile by extreme bounds analysis.

Variable Posterior mean | Fraction of
conditional regressions
on inclusion with [t stat.| > 2
East Asian Dummy 0.021805 0.99
Primary schooling 1960 0.026852 0.96
Investment price -0.000084 0.99
GDP 1960 (log) -0.008538 0.30
Fraction of tropical area -0.014757 0.59
Population density coastal 1960s 0.000009 0.85




Malaria prevalence 9n 1960s -0.015702 0.84
Life expectancy in 1960s 0.00088 0.79
Fraction Confucian 0.054429 0.97
African dummy -0.014706 0.90
Latin American dummy -0.012758 0.30
Fraction GDP in mining 0.038823 0.07
Spanish colony -0.010720 0.24
Years open 0.012209 0.98
Fraction Muslim 0.012629 0.11
Fraction Buddhist0.021667 0.021667 0.90
Ethno linguistic fractionalization -0.011281 0.52
Government consumption share 1960s | -0.044171 0.77

Table 5.2: Significance of variables

The paper then proceeds to test models of different sizes. The basic conclusion
from this analysis is that not much changes. The basic 18 in the table remain at the top
for all sizes with the exception of 5: malaria, Spanish, years open, ethno linguistic,
government consumption share. These could be a catch-all for other effects. The
conclusion is that this supports previous Sala-i-Martin work and is less negative than
Levine and Renelt.

Bhargava et al. (2001) look at the effect of health on growth rates. This is
done by using the adult survival rate (ASR) as a regressor in a growth regression. The
data for the analysis is taken from the Penn World Tables and the World Development
Indices of the World Bank. These provide two sets of slightly different regression
results. The education series are taken from Barro and Lee (1996). The estimation
used panel data at 5-year intervals (1965, 1970, 1975, 1980, 1985, 1990) for 92
countries.

What the econometric analysis reveals is that increased ASR is likely to raise
economic growth for poor countries. Moreover, there does not seem to be a reverse
causality from growth rate to ASR. For high-income countries an increase in ASR
reduces the growth rate. It would seem that ASR is proxying the distribution of
population in countries with different income. For the low-income countries an
increase in ASR keeps the ratio of workforce to young high. In rich countries an
increase in ASR raises the number of retired to the number working. This simple
mechanism explains the growth effect of ASR. A sample of the results is reported in
Table 5.3. This regression treats lagged GDP as a fully endogenous variable and
appears to be their preferred specification.



Constant 0.407

(0.069)
Tropics —-0.012
(0.0049)
Openness 0.028
(0.005)
Log of fertility rate lagged five years —-0.028
(0.008)
Log of investment/GDP ratio lagged five years 0.014
(0.0029)
Log of adult survival rate lagged five years 0.358

(0.114)

Interaction between lagged adult survival rate and GDP | —(0.048

(0.016)
Log of GDP lagged five years —-0.041

(0.008)
GDP at which partial derivative 1714

of GDP growth rate with respect

to lagged adult survival rate is zero

Table 5.3: Results from regression of GDP growth rate

Standard errors in parentheses

Human capital can be measured either by its stock or by its rate of
accumulation. Middendorf (2006) has tested the performance of these measures in a
growth regression for a subset of the OECD countries. The methodology is to use
panel data methods with country-fixed effects and time-fixed effects. The results
obtained using OLS regression show that average schooling (the stock variable) is
significant and has a positive coefficient. The change in schooling (the accumulation
variable) has a negative but insignificant coefficient. Instrumental variable estimation
is then tried to account for endogeneity of regressors. Average schooling then
becomes insignificant and the sign on the investment ratio is unstable. Middendorf
suggests that these effects are indicative of poor instrument choice.

5.5 Observations

Brock and Durlauf (2001) take the criticisms even further. First they criticize the
open-endedness of the theory. Observe that Durlauf and Quah (1999) count over 90
variables used, but the data sets have at most 120 countries so the chance of getting



firm inferences is difficult. This also emphasizes how collinearity of variables can
render coefficients insignificant. When many variables are included collinearity is
very likely to arise which undermines the method of Sala-i-Martin (1997) since there
will be some regression for which the effect of the variable is not robust. The
regressions also rely on parameter homogeneity. However, with the number of
countries being very large and the countries being very diverse it is unlikely that
parameter homogeneity will hold. Regressors may be endogenous rather than
exogenous and the instruments used may not be good choices. This point is illustrated
by showing that the Easterly and Levine (1997) result on ethnic diversity reducing
growth in sub-Saharan Africa is supported even when model uncertainty is taken into
account and is strengthened when parameter homogeneity is permitted. Overall the
paper provides a strong criticism of existing research but gives some evidence that it
is possible to move forward.

5.6 Conclusions

In terms of economics what have we learnt? From the Sala-i-Martin et al. (2004) we
learn that the East Asian dummy performs well - but that is predictable. The same
comment can be made on the ethnic diversity variable from Easterly and Levine
(1997). Schooling does well too, as does the convergence hypothesis. Beyond that we
have not learned much that is economically useful for conducting any policy
decisions. Ultimately this line of research is a dead end if the aim is to understand
what causes growth so that we can improve the situation.

To close this chapter it is worth drawing attention to the argument of Brock
and Durlauf (2001) that historical studies may inform us of more than the econometric
analysis of anonymous data. The discussion of growth accounting in Chapter 7 will
show that the path to growth has differed between countries. Some have grown
through capital accumulation, others through innovation. There are clearly many other
distinctions between individual countries. These differences are unlikely to be
apparent in aggregate data. Instead, detailed historical country study is more suitable
for bringing the details to light.

Appendix on Extreme Bounds Analysis

The method of extreme bounds analysis is used to test the sensitivity of egression
estimates to the choice of conditioning variables. As described by Leamer (1983,
1985) there are many regression equations that have equal theoretical legitimacy. The
difficulty for the investigator is to choose between the candidates. One important
consideration in this choice is that he estimated coefficients are robust to different
selections of conditioning variables.

Assume that we wish to estimate which variables are robustly correlated with
economic growth. The data set is divided into two sets of variables. The first are those
which have proved to be basic in explaining economic growth such as the share of
investment in GDP. This set of variables is labelled /. The second set of variables
comprises those that are potentially important for explaining growth. These could, for
example, have been indicated as important in previous econometric studies.

Next we identify our variable of interest, denoted M. This variable is included
in a base regression along with the set of variable /. Hence the regression



y=a+pIl+p,M+u, (5.2)

is estimated. Here / is a vector of the basic variables and f; is a corresponding vector

of parameters. This establishes an initial estimate of £, .

This leaves the remaining pool of potential regressors. Then the regression
v=a+pIl+p M+p.Z+v, (5.3)

is run for every subset of variables Z from this pool. What we are hoping to find is
that the estimated value of f,, will remain significant and of the same sign for all

choices of Z.

More formally, the maximum and minimum values of the estimated
coefficient ﬁm over all choices of Z are then found that are significantly different

from zero at the 5% level. This is checked by adding two standard deviations to the
maximum and minimum values estimated.

If g, is significant for all choices of variables Z and ﬁm plus or minus two

standard deviations retains the same sign then the estimated partial correlation of this
variable with economic growth is said to be robust. The estimated parameter is fragile
if the value changes sign or becomes insignificant.

The point of this method is that if there is really a relationship then the
parameter estimator should be robust. A fragile parameter estimate is more likely to
be an artefact of the data. Further discussion can be found in Levine and Renelt
(1992).



Chapter 6 Tax Regressions

e The growth rate and the level of taxation appear uncorrelated in
country-specific data

e Progressive tax systems create difficulties for defining an empirical
marginal rate of tax

e In cross-country data there is a negative correlation between the tax
rate and the growth rate

e There is weak evidence from regression analysis that the marginal rate
of tax is negatively related to growth

e There is mixed evidence from regression analysis on whether it is
personal income taxes or corporate income taxes that are responsible
for the negative relation

6.1 Introduction

The early literature on growth regressions presented an optimistic picture of how an
explanation of growth could be obtained. This optimism was lost when the robustness
of coefficient estimates was challenged. The set of robustly significant variables was
eventually reduced to a very small number whose nature give little insight into how
policy might affect growth. It is notable that the regressions described in Chapter 5
contained very limited detail on the government sector. An aggregate measure of
expenditure was considered but no measures of the tax burden. The focus of this
chapter is placed on growth regressions that include one or more variables
representing taxation. The regressions investigate the effect of the level of taxation
and the structure of the tax system.

Taxation can have both a negative and a positive effect on growth. The
negative effect arises from the distortions to choice and the disincentive effects. The
positive effect arises indirectly through the expenditures financed by taxation. The
endogenous growth model with a public good as an input provided a positive channel
through which taxation could raise growth. The relationship was not monotonic
because increases in the tax rate above the optimum would reduce the growth rate. In
practice, economies could be located on either side of the optimum. Similarly, the
evidence from the simulations provides a wide range of estimates for the effect of
taxation upon economic growth from negligible to significant. Since the theory is so
inconclusive, it is natural to turn to the empirical evidence.

6.2 Basic Evidence



At first glance, a very clear picture emerges from long-run historical evidence for
individual countries: tax revenue as a proportion of gross domestic product rose
significantly in all developed countries over the course of the last century, but the
level of growth remained relatively stable. This suggests the immediate conclusion
that, in practice, taxation does not affect the rate of growth. Data to support this claim
is displayed in Figures 6.1 and 6.2. Figure 6.1 plots the growth rate of US gross
domestic product and federal government tax revenue as a percentage of gross
domestic product since 1930. Trend lines have been fitted to the data series using
ordinary least squares regression. The two trend lines show a steady rise in taxation
(the upper line) and a very slight decline in the growth rate (the lower line). Although
the variance of the growth process reduces after 1940, statistical tests on US data have
found no statistical difference between the average rate of growth prior to 1942, and
after 1942. The data for the UK in Figure 6.2 tell a very similar story. The trend lines
show an increase in taxation but, in contrast to the US, an increase in the rate of
growth.
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Figure 6.1: US Tax and Growth Rates

Source: US Department of Commerce: www.bea.doc.gov/
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Figure 6.2: UK Tax and Growth Rates

Source: Feinstein (1972), UK Revenue Statistics, Economic Trends

The message from these figures appears compelling but must be considered
carefully. There are two reasons for caution. Firstly, a contrast between tax rates and
growth across time cannot answer the question “if taxes had been lower, would
growth have been higher?” To do so requires a study involving countries with
different regimes. Secondly, there are substantive issues that have to be resolved
about the definition of the tax rate that should be used in any such comparison.

To understand the problem of definition, consider Figure 6.3 which illustrates
a typical progressive income tax. There is an initial tax exemption up to income level
Y}, then an income band at taxed at rate # and a final income band taxed at rate #,,

t, > t;. What is important about the figure is that it shows how the marginal rate of

tax differs from the average rate of tax. For instance, at income level Y, the marginal
rate i1s one minus the gradient of the graph whilst the average rate is one minus the
gradient of the ray to the graph (shown by the dashed line). With a progressive tax
system, the marginal rate is always greater than the average rate.

The data displayed in Figures 6.1 and 6.2 uses tax revenue as a fraction of
gross domestic product to measure the tax rate. This measure captures the average rate
of tax. However, what economic theory predicts to be important for behavior is the
marginal tax rate - the decision on whether or not to earn additional income depends
on how much of that income can be retained. This suggests that the link between
growth and taxation should focus more on how the marginal rate of tax affects
growth.

The difficulty with undertaking the analysis comes in determining what the
marginal tax rate actually is. Figure 6.3 illustrates this problem: the marginal tax rate

is either 0, #; or ¢, depending upon the income level of the consumer. In practice,

income tax systems typically have several different levels of exemption (e.g. married
and single persons allowances), several marginal tax rates, and they interact with
social security taxes and with the benefit system. All of this makes it difficult to
assign any unique value to the marginal rate of tax. The same comments apply equally
to corporation tax, which has exemptions, credits and depreciation allowances, and
Value Added Taxation which has exemptions, zero-rated goods and lower-rated
goods. In brief, the rate of growth should be related to the marginal rate of tax but
there are significant difficulties in finding an empirical counterpart.
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Figure 6.3: Average and Marginal Tax Rates

6.3 Empirical Results

Given these preliminaries, it is now possible to review the empirical evidence. The
strongest empirical link between taxation and growth was reported in Plosser (1992).
Plosser calculated the correlation between the rate of growth of per capita gross
domestic product and a range of variables for the OECD countries. The share of
income and profit taxes in GDP was found to have a correlation of -0.52 with the
growth rate of GDP. A chart plotting average tax rates in OECD countries against
GDP growth over 1960 - 1989 is given to confirm this result. Even so, Plosser warns
against taking the correlation as evidence of causality and presents several potential
explanations for the lack of robustness in regression equations (most policies operate
through investment, policies are complex and not easily represented by variables in
regressions, policies are highly correlated).

Figure 6.4 displays an updated version of Chart 6 in Plosser (1992). This
figure extends the sample period through to 2004. The data points are found by
averaging the growth rate and the tax rate over this period for each country. A straight
line fit by least squares shows the negative relationship between the growth rate and
the average tax rate identified by Plosser. The obvious limitation of this finding is that
the effect of taxation cannot be accepted without considering the effect of other
explanatory variables. For instance, the OECD countries differ in their income levels
and, as the discussion of Chapter 5 has shown, income is one of the most robust
determinants of economic growth. Other variables may also be important. The
negative relationship cannot be accepted until it has been shown to survive the
inclusion of additional covariates in a regression analysis.
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Figure 6.4: Real income growth and tax rates in OECD countries 1960 - 2004
Source: Penn World Table Version 6.2

The measure used to represent tax rates is an important issue in tax
regressions. Some of the research employs the average rate of tax, while other papers
attempt to construct a measure of the marginal rate of tax. This issue matters because
the standard application of economic theory shows it is the marginal tax rate that
matters for the degree of distortion introduced into choices. Optimal decisions are
determined by trading the marginal benefit of one choice against the marginal benefit
of another. The marginal rate of tax directly affects this trade-off and causes the
distortion in choice. Using an average rate of tax to explain growth does not capture
this important feature of taxation.

In an analysis of 63 countries Koester and Kormendi (1989) use IMF data to
construct measures of the average tax rate and the marginal tax rate. The average tax
rate variable is constructed by using revenue/GDP and the marginal tax rate variable
is obtained from a regression of revenue on GDP and a constant. A series of
regressions of the growth rate on tax variables and income are conducted. The
regression results show little evidence of an effect of either average or marginal rate
upon the growth rate, but the marginal rate is claimed to have an effect on the level of
activity. The relevant growth rate regressions are presented in Table 6.1. The tax rates
are significant when used as the sole regressor but become insignificant when the
level of initial GDP is included. The inclusion of initial GDP raises the explanatory
power of the regression, though it still remains small.

Variable A B C D




Constant 0.060 0.053 | 0.058 0.060
(8.26) (10.48) | (8.34) (11.4)

Average -0.074 —0.005
-2.18 (~0.11)
tax
Marginal -0.25 -0.011
(-1.87) (-0.87)
tax
Initial GDP —0.052 | —0.048

(-2.656) | (-3.03)

R? 0.072 0.05 0.17 0.18

Table 6.1: Regression on marginal and average rates

The standard criticisms of this paper are as follows. First, it assumes a
constant marginal rate of taxation despite significant changes in the tax systems in
several of the countries over the period of the data set. Second, the inclusion of too
wide a range of countries causes aggregation bias since the industrialized and non-
industrialized countries may have very different responses of growth to taxation.
These are criticisms that can be levelled at many of the papers in this area of the
literature.

A comprehensive data series on personal tax rates was given in Sicat and
Virmani (1988). An alternative series for the marginal tax rate was constructed and
reported in Easterly and Rebelo (1993a). The method of construction involves
computing the income-weighted average marginal tax rate

Q, =2 , (6.1)

where r'(y) is the marginal tax rate at income y and f (y) is the density function for
income. The construction is completed by assuming that the marginal tax rate z"(y) is
given by the logistic equation

' _ ap
’ (y)— I+a exp(azy) ) 6-2)

This function ensures that the marginal tax rate lies between g /(1+a1) and a,.

Implementation of this formula is undertaken by setting the three parameters
(ao,al , az) to match chosen aspects of the data.

Easterly and Rebelo (1993b) test the tax rates of Sicat and Virmani (1988),
their own method of constructing marginal tax rates, plus several other methods of
defining the marginal tax rate, in tax regressions. In total 13 different measures of the



tax rate are employed. The methodology adopted is to include these measures of the
marginal tax rate one at a time within a basic regression equation. The basic equation
contained the standard determinants of growth found to be significant in Barro
regressions; notably initial income (PRIM60), school enrolments (SEC60),
assassinations (ASSASS), revolutions (REV) and war casualties (WARCAS).
Estimation of this basic equation without the inclusion of tax rates generated the result

7y7088 = 0.003—0.004 GDP60 +0.025 SEC60
(0.51)  (-2.81) (1.88)

+0.023 PRIM 60— 0.01 REV
(3.15) (-1.29)

—0.003 ASSASS —1.157TWARCAS , (6.3)
(-1.47) (-1.67)

with an R? of 0.29.

Table 6.2 reports the statistical significance level of the alternative measures
of the marginal tax rate when included as an additional variable in this regression. The
tax rates generally perform badly in the regressions. Only the marginal income tax
rate from a regression on GDP is significant at the 5 percent level. In particular, the
Koester-Kormendi (1989) marginal tax rate becomes insignificant when included
alongside other variables in the regression equation.

Tax rate Significance level

Tax rates computed using regression

Koester-Kormendi (1989) marginal tax rate 0.194

Marginal income tax rate from regression on GDP 0.047

Marginal tax rate from regression of total revenue on GDP | 0.121

Tax rates computed as ratios of tax revenue to tax base

Taxes on income, profits, and capital gains/GDP 0.353
International trade taxes/Imports plus exports 0.243
Individual income taxes/Personal incomes 0.098

Sicat-Virmani statutory tax rates

On first bracket 0.432

On 0.75 x average family income 0.386

On 2 x average family income 0.958




On 3 x average family income 0.587

On highest bracket 0.687

Easterly-Rebelo (1993a) marginal tax rate 0.880

Table 6.2: Significance of marginal tax rates

When the significant tax rate was included the estimated regression equation
became

7y7088 = 0.010—6.46 % 107> GDP60 +0.,0439 SEC60
(1.109) (-2.25) (2.09)

+0.0247 PRIM 60 —-0.0439 REV
(2.24) (~0.39)

— 65.7 ASSASS — 1.436 WARCAS

(-1.69) (-2.225)
- 0.064 MARTAX . (6.4)
(-2.204)

The inclusion of the marginal tax rate variable has a major effect on the value of the
coefficient on assassinations. The coefficients on the other variables do not change
dramatically in significance but the coefficient on initial GDP in 1960 is reduced. The
effect of the marginal tax rate has the expected negative sign.

From a number of regressions involving different combinations of these
variables, Easterly and Rebelo (1993b) conclude: “The evidence that tax rates matter
for economic growth is disturbingly fragile”.

A further analysis of the significance of a tax rate variable is undertaken in
Mendoza, Milesi-Ferretti and Asea (1997). The clear finding is that when initial GDP
is included in the regressions, the tax variable is insignificant. Evidence contrary to
this is presented in Leibfritz, Thornton and Bibbee (1997). Their regression of average
growth rates for OECD countries over the period 1980 - 1995 against three measures
of the tax rate (average tax rate, marginal tax rate and average direct tax rate) showed
that a 10 percent increase in tax rates would be accompanied by a 0.5 percentage point
reduction in the rate of growth, with direct taxation reducing growth marginally more
than indirect taxation.

Additional work on similar lines has been undertaken by Dowrick (1993) and
de la Fuente (1997). These papers considered the more general issue of how the
structure of fiscal policy affects growth. In particular, they investigated how the rate
of growth is related to the composition and level of public sector spending. Dowrick
studied a number of OECD countries and showed that personal income taxation had a
negative effect on growth but corporate taxes had no effect. The results of de la
Fuente showed that if public spending (measured as the share of total government
expenditure in GDP) increases, growth is reduced (a reduction in government
spending of 5 percent of GDP reduces growth by 0.66 percentage points) whereas an



increase in public investment will raise growth. These results confirm the negative
coefficient on government consumption expenditure.

Padovano and Galli (2001) also construct marginal tax rates by regressing tax
revenue on GDP but improve on Koester and Kormendi by including level and slope
dummies to allow for changes in the tax rate over the sample period. The regression
equation for construction of the marginal tax rate variable is

REV = ay + a;GDP + a,TAXREF + a3(TAXREF x GDP), (6.5)

where REV is government revenue, and TAXREF is a dummy for tax reform. The

estimated regression equations have an average R? of 0.96 (the value of which
suggests there may be spurious regression issues) and almost always have a value of
a; that is significant at the one percent level. However, the estimates for «; show
significant intertemporal variability for individual countries which seems larger than

known changes in tax systems would suppose. For instance, the values for the UK are
0.285 (1950s), 0.449 (1960s), 0.324 (1970s), and 0.367 (1980s).

The estimated marginal tax is then used in a growth regression for OECD
countries. The decade-average growth rate is regressed on per capita income,
population growth, average rate of physical and human capital accumulation, the
constructed marginal tax variable, plus other conditioning variables. The sample of
results reported in Table 6.3 show that the marginal tax variable is negatively and
significantly correlated with growth.

Constant 0.027
(6.67)
Marginal tax -0.012
(-2.79)
Base year GDP _1.42%x107°
(-6.32
Population growth 1.062

Ratio of physical investment to GDP | 0.0002

1.84)
Investment in human capital 0.(00())4
0.1
Government consumption ~3.13x107°
(~0.02
Inflation -0.08
(-3.02)

R2 0.53




Table 6.3: Regression results

¢ statistics in parentheses

It has been noted that some tax regressions employ the average rate of tax,
while others attempt to construct a measure of the marginal rate of tax. The
consequence of this modelling choice is investigated by Padovano and Galli (2002)
for data on 25 industrialized countries over the period 1970 - 1998. The basic
argument is that individual choices are at the heart of endogenous growth theories.
The relevant variable for choices is the marginal rate of tax and not the average rate.
For this reason the average rate of tax should not be significant in a growth regression.
In addition, the average rate of tax is also related to government expenditure and so
may even enter a growth regression with positive sign. The marginal rate of tax, and
measures of tax progression, should enter the growth regression with a negative sign.

The first step in the analysis is to regress tax revenue on a constant, GDP, a
dummy for tax reforms, and the interaction of the dummy and GDP. The coefficient
from this regression is interpreted as an approximation of the marginal tax rate. There
is no attempt to disaggregate the data to find the marginal effect of different taxes.
The average value for the constructed marginal tax rate across the sample of countries
is 33 percent and the average tax 29 percent.

The effect of a range of variables other than the tax rates is tested by
“progressive inclusion” to ensure robustness. When the av