The Search for Growth

Charles|. Plosser

Theideathat capital investment is essential to the long-run rate of
growth of a nation is acommon, if somewhat vague, axiom of most
policy discussions of economic growth and development. Yet for the
better part of ageneration the preeminent theory of economic growth
developed by the Nobel Prize winning economist Robert Solow and
the data summarized by the important contributions of Edward
Denison, John Kendrick, Solow, and others provided uswith virtually
no basis for making such claims. Perhaps even more striking was the
fact that the theory seemed unableto explain the extreme and persist-
ent differences in living standards or growth rates across countries.
Finally, thetheory and evidence offered little scopefor policymakers
to influence the long-run rate of growth of an economy. For these
reasons, many economists interested in positive economic theories
came to view growth theory as a rather sterile, and uninteresting
branch of economics through most of the 1960s and 1970s. Under-
standing business cyclesand monetary economics becamemuch more
popular pursuitsamong academic economists. !

Theimportanceof understanding thesourcesof long-term economic
growth and the public policies that influenceit should be self-evident,
but let's try to attach some numbers to the concept that may help put
thediscussion in some perspective. By almost any measure, the range
of living standards across countries is enormous. By some measures,
real income per capita in such countries as Bangladesh, Ethiopia,
Haiti, and Boliviawas less than 5 percent of U.S. per capitaincome
in 1989.
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Perhaps more important than the existence of these very poor
countries is the fact that not al countries that start out poor remain
poor —while others seem unableto raisetheir standard of living above
mere subsistence levels. Countries such as Botswana and Korea had
per capitaincomes of less than 10 percent of that in the United States
in 1960 and by any metric would be classified as very poor. Y et by
1989, Botswana had increased its per capitaincome by almost eight-
fold, growing at acompounded annual rate of about 7 percent. Korea
grew at an annual rateof about 6 percent, resulting in anamost sixfold
increase in per capita income over the three decades. The United
States, on the other hand, grew at an annual rate of about 2 percent
resulting in an increase of only about 75 percent over the same time
interval. Other countriesthat were not as poor asBotswanaand Korea
but that experienced significant growth over this 30-year interval
includeCyprus at an annual rate of 4.7 percent, Greece at 4.3 percent,
Hong Kong at 6 percent, Japan at 5.6 percent, Malta at 6 percent,
Portugal at 4.1 percent, and Singaporeat 6.4 percent. At agrowth rate
of 4 percent per year rate, real per capita income doubles every 17
years; at a5 percent rate, it doublesevery 14 years.

While these countries obviously made great strides in improving
their living standardsover thelast generation, other countries were not
so fortunate. Indeed, most countries that were poor in 1960 remain
among the poorest in 1989.2 All the more reason why it isimportant
to ask why Botswanagrew at a7 percent rate while Bangladesh and
Ethiopiagrew at only about 0.5 percent per year. Why did Koreagrow
at 6 percent while Bolivia grew at only 0.5 percent? And why did
Singapore grow in excess of 6 percent annually while New Zealand
and the Philippinesgrew at less than 1.5 percent per year? Was there
something about the national economic policies followed by these
countriesthat led to either rapid growth or stagnation?

The differences in welfare levels produced by these differential
growth rates is staggering. For example, Chart 1 showsthe magnitude
of the consequences of a country's being among the fast growers
versus the slow growers. The countriesin the top quartile of growth
over the 1960-89 period grew at an average annual rate of about 4.1
percent and their per capitaincomesincreased from just under $2,000
per year to more than $6,000 per year. Those countriesin the bottom
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Chart 1
AverageReal Per Capita GDPin 1960 and 1989
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quartile of growth over theperiod grew at arate that wasindistinguish-
ablefrom 0.0 percent. For the United States, an extratwo percentage
points added to the average growth rate would add about 22 percent
or $3,500 to real per capita gross domestic product (GDP) over the
next decade and more than 80 percent or $1 2,800 per capitaover 30
years! By contrast, the gainfrom eliminating fluctuations in per capita
incomes through stabilization policiesisrelatively small.3 The ability
of any economy to raise living standards from one generation to the
next depends on its ability to sustain economic growth.

During the last half dozen years, many academic economists have
turned their attentions to the challenges of understanding economic
growth. Building on the work of Solow (1956), Cass (1965), and
Koopmans (1965), these economists are seeking to remedy the
shortcomings of theearlier attempts to model the growth process and
in doing so are exploring new and potentially important sources of
economic growth and the avenues for policies to influence the long-
term welfare of a nation.
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Thetraditional view of economicgrowth

Modern work on economic growth can traceitsintellectual rootsto
thework of Robert Solow. The basic neoclassical model of economic
growth developed by Solow is, first and foremost, a model of capital
accumulation. Its influence on the profession and its thinking about
aggregative economicsis based on acombination of itssimplicity and
its contribution to the quantification of various factors influencing
economic growth. The model's foundation rests on the concept of an
aggregate production function that combines labor and physical capi-
tal to produce a composite good that is associated with the output of
the economy. The level of output is aso influenced by the level of
"technology" or "productivity" of the factors of production. The
model is silent, however, on the factors influencing the evolution of
technology.

The characteristics of the production function are central for the
model's predictions about growth. The essential features are: (1)
constant returns to scale (for example, doubling of all inputs leads to
adoubling of output); and (2) diminishing margina returnsto both
capital and labor (for example, increasing capital by afactor of two
and holdinglabor input fixed rai sesoutput by |essthan afactor of two).
Diminishing returnsto physical capital limits the ability of the Solow
framework to deliver a very satisfactory explanation of cross-country
differences in income per capita or rates of growth..As we will see
below, it is the key feature that distinguishes the traditional view of
economic growth from the new or endogenous theories of growth.

Thetechnology of the sort just described isfrequently expressed in
theform of a Cobb-Douglas production function which iswritten

Y =AK!I LY and 0 < a< 1

wheretotal output, Y, is produced from physical capital, K, and labor,
L. The level of technology is captured by A, which grows at some
predetermined rate. Thisformulation exhibits both constant returnsto
scale and diminishing marginal returns to each input. The degree of
diminishing returns to capital is measured by (1-a). The smaller this
value (that is, thelarger isa) thesmaller aretherewardsto increasing



The Search for Growth 61

the capital stock. Thecapital stock accumulatesover time through net
investment such that K;+; - Kr = I; - 8K;, where6 isthedepreciation
rate of physical capital. It isoften easier to express thisframework in
per capita terms so that production iswritten as YL =y = A[K/L)!-*
= Ak!-% and the accumulation of capital becomesk;+; - k; = it - 8kz.4

An economy that produces output according to this neoclassical
technology exhibits some striking and important characteristics. For
the moment assume that the rate of population growth isconstant and
that there is no growth in productivity or technology. Thefirstimpor-
tant feature is that given a savings/investment rate, and therefore, a
rate of accumulation of physical capital, the per capita output of the
country will reach a steady state or constant value. Similarly, the per
capita amount of capital also reaches a constant level. The reason is
that asthe per capitacapital stock grows, thereturn to capital fallsand,
becauseof theconstant investment rate, theamount of new investment
per capita increases but at a diminishing rate. Eventually the amount
of new investment per capita will just equal the depreciation on the
larger capital stock and then growth of the per capitacapital stock will
stop. Thusthelevel of incomeand thelevel of capital will grow at the
samerateasthe population; per capitavalueswill not exhibit growth.>
If we alow for technological progress or productivity growth, then
per capita income and capital stocks would grow at a rate that is
proportional to the rate of technological change.

The second important implication of the Solow framework is that
thesavings/investment rate isafundamental determinant of thelong-
run standard of living. Countries with higher savings/investment rates
will have higher per capitaincomesin the steady state. The intuition
behind this result is simply that a higher investment or savings rate
resultsin more accumulated capital per worker which, in turn, increases
the per capita output of the economy, but at a decreasing rate. Thus
the Solow model suggeststhat sustained or long-run differencesin the
level of per capitaincomeacross nationsisassociated with differences
in savings rates. Thriftiness, however, whileimpacting the long-term
wealth of a society, does not cause it to grow faster. In steady state,
thegrowth rate of per capitaincomeisindependent of the savingsrate.
In other words, in thelong run, societiesthat save more will not grow
faster than those that save less.®
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Although exogenous technological progress is the only source of
long-term or steady state growth in per capitaincomesand consump-
tion, the Solow framework does predict per capita growth during the
transitions from one steady-state level to another. Suppose that
through some impulse, a society became more savings oriented,
perhapsastheresult of achangeintax policy thatencouraged savings.
Inthelong run, the new higher rate of investment will enable workers
to use more capital and thus operate at a higher capital/labor ratio and
produce moreoutput per worker. In order to get to the higher standard
of living, theeconomy must, for some period of time, grow faster than
the growth rate of technology. However, once the new higher steady
state is achieved, per capita income growth will return to a rate
proportiona to the rate of technological change. Therateat which the
gapisclosed between theinitial incomelevel and the new steady state
critically depends on the degree of diminishing returns.

Thelast important implication of the traditional view of growthis
that countries that have accessto similar production technologies and
have similar savings/investment rates should converge to similar
steady-state levels of per capita income. This convergence property
means that the poor country, which starts with a lower capital/labor
ratio, will grow faster during the transition asit catches up to therich
country, but both countrieswill ultimately arrive at the same standard
of living. The case for convergence assumes that both countries are
closed economies so that there is no trade between them. If the
economies were open so that international borrowing and lending
werefeasible, then theeconomiesarelikely toconverge morequickly.
Sincethepoor country haslesscapital per worker, thereturnstocapital
investment will be higher than in the rich country. The poor country
will be attractiveto foreign investors and the capital stock islikely to
grow even more quickly, thereby speeding up the process of conver-
gence. Of course, countries with different savings rates will have
different steady states so just because oneis poor and oneisrich does
not imply that convergence will occur or that one will grow faster than
the other.

Atthispurely qualitativelevel, the Solow model makesanimportant
distinction between factors that influence the level of per capita
income and those that influence the growth rate. The commonly held
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view that changes in tax structures that make savings and investment
more attractive activities that can result in sustained increases in an
economy's rate of growth, issimply not an implication of the tradi-
tional Solow analysisof economic growth. Sustained growthinliving
standards comes about from productivity or technological growth.
Unfortunately, the theory has nothing to say about how this produc-
tivity growth isdetermined or how policy might influenceit.

Quantifying the basic neoclassical model of growth

One of the attractive features of the classical framework is that it
permits the decomposition of economic growth into that portion due
to the growth of inputs (physical capital and labor) and due to the
growthof technology or productivity. This practiceof growth account-
ing involves computing the shares of national income devoted to the
compensation of both physical capital and labor. Assuming theinputs
to production are paid their margina products, then the labor's share
corresponds to the exponent ain the Cobb-Douglas production func-
tion. Table 1, derived from Maddison (1987), presents estimates of
factor sharesfor avariety of industrialized countries. These estimates
put capital's share (1-a)at about 0.3 and labor's share at about 0.7.
Thesimilarity of factor shares across countries and across timeisone
of thestylized factsof economic growth that any theory must confront.

_ Tablel _ ,
Estimatesof Factor Sharesin GDP
(average for 1973-82)

Total capital share Total labor share
France 31 70
Germany .30 .70
Japan .29 g1
Netherlands .30 .70
United Kingdom .26 74
United States 27 73
Average .29 71

! Source: Maddison (1987)
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If capital's shareisabout 0.3 then the production technology exhibits
sharply diminishing returns to capital formation. Other researchers
have put capital's share above 0.4 for some countries and some time
periods, but in much of the literature it is frequently assumed that
capital's share in GDP is about one-third and labor's share is about
two-thirds (that is, &= 2/3). Sharply diminishing returns to capital
formation places limits on the Solow model's ability to account for
cross-country differencesin per capitaincomesand growth rates. For
example, it saysthat adoubling of thecapital stock per capitaincreases
steady stateincome per capita by only about 26 percent [(2!/3-1)100].
Thus for capital accumulation to account for the fact that the United
States has 20 times theincome per capita of Kenya, the capital stock
per capitain the United States would have to be about 8,000 timesthe
capital stockin Kenyal AccordingtoSummersandHeston (1991) U.S.
capital per worker is only about 26 times that of Kenya. Even for
countries more similar to the United States than Kenya, diminishing
returns limits the explanatory power of the Solow model. Summers
and Heston report that the capital stock per worker in the United States
is approximately 22 percent higher than in Sweden while per capita
income is more than 40 percent higher. The difference in physical
capital can account for only about a7 percent differential in per capita
incomesiif the share of fiscal capital in output isjust one-third. Thus
the Solow model with such sharply diminishing returns accounts for
very little cross-country variation in per capitaincomes.’

Neither can the model offer much help explaining differences in
growth rates by appealing to the transitional dynamics. Imagine that
acountry could increaseits rate of net investment by 50 percent. The
model predictsthat the growth rate would immediately increase, but
would gradually decline over time until the new higher steady-state
capital stock per capitawasreached. The new steady-stateincome per
capita would rise by about 22 percent.8 If the country completed the
transition to this higher steady state in exactly 30 years, then the
increase in the average annual growth rate would only be about 0.7
percent per year.? Thus largeincreases in investment rates have little
ability in the theory to explain growth rate differentials.

Theabove observationscan be summarized by lookingat thegrowth
rates of productivity. If capital accumulation does not account for
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much of the observed per capita growth, then the Solow model must
rely on exogenous growth in technology or productivity. Since
productivity growth is measured as the residual after accounting for
factor accumulation, it isoften referred to asthe “Solow residual.” As
can be seen from Table 2, productivity growth accountsfor asubstan-
tial portion of economic growth in many countries and across many
time periods. For example, the growth acceleration during the period
1950-73 from the previous 40 years and the slowdown since 1973 is,
toalarge degree, accounted for by variationsin productivity growth,
not variationsin factors.

Table2 . q
Real GDP Growth and productivity
1913-50 1950-73 1973-84

GDP  Produc- GDP  Produc- GDP  Produc-
growth tivity Growth tivity Growth tivity

France 1.20 142 5.10 4.02 2.20 184
Germany 1.30 .86 5.90 4.32 1.70 155
Japan 220 1.10 9.40 5.79 3.80 121
Netherlands 240 125 4.70 3.35 1.60 81
UK. 1.30 115 3.00 214 1.10 122
us 2.80 1.99 3.70 185 2.30 52
Average 187 1.30 5.30 3.58 212 119

! source: Maddison (1987).
I mplicationsfor tax policy

Theimplicationsof the Solow model of economic growth should be
fairly clear from the preceding discussion. Nevertheless, it isuseful to
explicitly consider a quantitative example that can serve as a
benchmark for later discussions. King and Rebelo (1991) have simu-
lated thequantitativeimpact of changesintheincometax in the Solow
model. They calibrate the model by selecting the conventional value
of a=2/3 for labor's share, a depreciation rate of 10 percent (6=.1)
and a growth rate of technology of 2 percent. Because of the tech-
nological progress, this economy grows at 2 percent per year in the
steady state.
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The tax experiment explored by King and Rebelo isan increasein
the average income tax rate from 20 percent to 30 percent. The
steady-state growth rate is determined by the rate of technological
progress so the long-run growth rate is unaffected by this policy.
However, the tax increase does result in a lower steady-state capital
stock and thus a lower steady-state level of output. King and Rebelo
calculatethat thecapital stock declinesby 18.2 percent in thelong run.
Thistrandates into about a6.5 percent declinein the level of income
from what it otherwise would have been. During the transition to this
lower capital stock theeconomy growsat |essthan itssteady-staterate
of 2 percent. If the new steady state is reached in 30 years, then the
average annua growth rate is reduced by a mere 0.2 percent by this
50 percent increase in average tax rates. Thus high tax rates would not
appear to cause much damageto thiseconomy. ' By liketoken, lower
taxes would not reap many benefits.

Thesearch for new mechanismsfor growth

The basic wesakness of the traditional view of economic growth
stemsfrom tworelated factors. First, physical capital exhibitssharply
diminishing returns in the production process, making it difficult for
the model to be reconciled with cross-country variations in either
living standards or growth rates. The second, related factor, isthat the
model does not provide any explanation for steady-state growth.
Long-term growth is independent of savings and investment and is
determined by the exogenously specified rate of technological
progress. Since technology or productivity is not determined by the
model, the theory provides no framework for understanding the
economicforcesand policies that influencethe most important source
of growth. Whileit may turn out to be true that there are severe limits
on theability of public palicy to influencethelong-run growth rate, it
isimportant that we arrive at that conclusion some way other than by
relying on models that ssimply beg the question.

The new growth theories attempt to address these deficiencies by
constructing models where steady-state growth arises endogenously.
Theliterature in thisareaisexpanding at an exponential rateand it is
impossible, nor is it my intent, to survey the scores of papers and
theoretical perturbations they explore. What | will try to do is to
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summarizewhat | consider to betwo magjor strandsto thisincreasingly
technical literature in fairly simple terms. | apologize, in advance, to
all those authors whose work | am summarizing but whom | fail to
individually reference.

All of the models of endogenous growth must break the constraint
of diminishing returnsto accumulation imposed in the basic Solow or
neoclassical model. The way thisisdone varies, but for my purposes
itisconvenient todivide the approachesinto two broad strategies. The
general set of implicationsof the new theories of endogenous growth
isthat societies that save and invest more will generally grow faster
in thelong run and therefore policies that affect the savings rate will
have moreimportant and sustained consequencesfor economic wel-
fare.

The first group of models focuses on a broad measure of
reproduciblecapital that includesnot only physical capital, asstressed
in the Sotow framework, but other typesof capital as well, especialy
human capital. The key to obtaining positive growth in the long run
inthese modelsisthat there must be somesubset of thesecapital goods
whose production does not require the use of nonreproducibleinputs.
These models are the closest in spirit to the traditiona framework of
Solow, but the production technology is such that the role of invest-
ment and capital accumulation becomes a much more important
channel for influencing growth. In these models, tax policy is more
important for the long-run growth rate to the extent that it influences
thelong-runrate of accumulation of either physical or human capital.

The second strategy for generating endogenous growth captures a
wide variety of approachesunder one heading. Theseapproaches must
also break thelink between capital, somehow measured, and diminish-
ing returns, but they do so because there is some kind of spillover,
externality or publicgood featureto themodel. That is, privatereturns
may be diminishing, while social returns are not because of the
spilloversor externdities. What distinguishes these models from the
previous onesis that external effects frequently result in competitive
equilibrium being sub-optimal. If so, then there may be some scope
for government policy to bring about a welfare improving outcome.
In some waysit may be useful to think of these as attempts to model
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technology asareproduciblefactor of production.
Modelswith reproducible factors of production

One way to break the link between diminishing returns and capital
accumulation istothink of all inputsto the production processassome
formof reproduciblecapital, either physical or human. Theideaisthat
what matters for production is not raw labor measured in terms of
persons or hours worked, but the quality or efficiency of thelabor as
indexed by the knowledgeor acquired skillsof theworker. Thisbroad
measure of capital may also include other types of capital such asthe
state of knowledge. !!

Thesimplest form of thissortof processisonedeveloped by Rebelo
(1991) where output is expressed as a linear function of a.broadly
defined concept of capital. It is frequently referred to as the “AK™
technology since the production function is written Y = AK.!2 This
production function retains the property of constant returns to scale,
but it no longer exhibits diminishing returnsto capital accumulation.
It isaspecial caseof the production function in (1) with&a=0.

Thissimple technology generatesthe most basic of al endogenous
growth models. Since the production of output no longer faces
diminishing returns as in the Solow framework, it can exhibit per-
petual growth in per capita values. The reason is that since there are
no diminishing returns to capital accumulation, a constant rate of
investment can result in an ever growing capital stock per capitaand
thus steady-state growth. !3 Thus to raise the long-run growth rate of
an economy, it issufficient that the savings rate rise.

In the Solow framework with diminishing returns to capital accu-
mulation, thelong-run growthrateisindependent of therateof savings
or investment. Instead, steady-state growth isdetermined by an exog-
enoudly given rate of technological progress. In this class of endog-
enous growth models, the long-run growth rate is fundamentally
determined by the saving and investment decisions of the citizens of
the economy. This suggests that anything that influences the incen-
tives of people to save and invest is potentially an important factor for
influencing long-run growth prospects. Tax policies areobviously one
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important factor influencing investment decisions. Since capital and
financial marketsare central to the efficient allocation of investment,
regulation and development of the financial sector may beimportant
for sustained economic growth.!* The importance of investment in
theseendogenousgrowth modelsfor thelong-run prospectsof anation
stands in stark contrast to the Solow framework where raising the
investment rate causes transitional growth, but has no impact on
steady-state or long-term growth.

This simple endogenous growth model exhibits the essential fea-
tures of aimost all the models of thisclass. Nevertheless, it isinstruc-
tive to add more structure to the framework. Rebelo (1991) explores
theimplicationsof variousextensionsof thissimplelinear model that
treat the production of consumption, physical capital, and human
capital as separate goods with distinct production functions. He
demonstrates that in order to generate endogenous steady-state
growth, itisonly necessary that a'* core™ of capital goods be produced
without the use of nonreproduciblefactorsand according to aconstant
returns-to-scale technology. For example, the production of the con-
sumption or physical capital good may involve nonreproduciblefac-
tors or exhaustible resources, but aslong as the production of human
capital is constant returns to scale in human capital, then sustained
growthispossible.

Quantifying the impact of taxes

King and Rebelo (1990) have calibrated both aone- and two- sector
endogenous growth model of the sort described by Rebelo. The one
sector model is essentially the linear technology model described
above. The parameters arethe sameasin the Solow typemodel except
that & =0 so capital's shareisone so that X must beinterpreted asa
broad measure of capital including human capital.

The tax experiment isagain an increase in theincome tax ratefrom
20 percent to 30 percent. Sincetheincreasein taxes hasan immediate
effect on the investment rate by lowering the after-tax return to all
forms of capital accumulation, the economy's long-run growth rate
drops. Under the parameter values chosen, the economic growth rate
dropshby 1.63 percent,from 2 percent per year to0.37 percent per year.



70 Charlesl. Plosser

The consequences are large. After 30 years, an economy growing at
2 percent per year increases per capitaincome by 81 percent whilean
economy growing at 0.37 percent increases per capitaincome by just
12 percent.!> Even after just 10 years, the economy growing at 2
percent increases by 21 percent while one growing at 0.37 percent
increases by just 3.8 percent.

King and Rebelo also explore the consequences of taxation in a
two-sector model where one sector produces a familiar consump-
tion/physical capital good and the other sector produces acore capital
good labeled human capital. The basic results are similar. However,
the two-sector model permits the ability to distinguish between taxes
levied on physical goodsand capital and human capital. Sinceincome
taxation amounts to taxing consumption and investment at the same
rate, anincreasein thetax rate reducesthelong-run growth rate of the
economy. It brings thisabout by reducing the capital/labor ratioin the
economy. On the other hand, aconsumption tax acts likeanondistor-
tionary lump-sum tax and will have noimpact on thelong-run growth
rate. Aslong as physical capital is used in the production of human
capital, thenevenif human capital isnot taxed directly, atax onincome
in general impacts growth but the magnitude depends on the impor-
tance of physical capital in the production of human capital.

The lessons learned from these exercises is that investment in a
broad concept of capital that includes human capital, can have quan-
titatively large effectson a nation's growth rate and thus the welfare
of its citizens. From a public policy perspective, this means that
policies intended to influenceinvestment may be quantitatively more
important than suggested by the traditional Solow view of capital
accumulation. Specifically, investment in human capital playsamore
prominent role and thus should not be ignored simply because it is
harder to measure than physical capital.

Growth with externalities and spillovers

The models | group under this category are similar to the ones just
described in that to generate sustained growth they must exhibit
constant returnsto scalein reproducible factorsfor someset of capital
goods. They differ becausethey exhibit external effects. Nevertheless,
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it isimportant to keep in mind that it is not the external effects that
generate sustained growth, but it is constant returns to scale in all
inputs that can be accumulated.

The work of Robert Lucas (1988), for example, emphasizes that
human capital accumulation has external effects on the productivity
of the economy. He postulates that an individual worker is more
productive, regardless of his skill level, if other workers have more
human capital. Theimportant implicationof theexternal effect isthat
under a purely competitiveequilibriumits presenceleadsto an under-
investment in human capital because private agents do not take into
account the external benefits of human capital accumulation. Since
the equilibrium growth rate in this model depends on the rate of
investment in both physical and human capital for al the reasons
discussed previously, the externdity implies that growth would be
higher with more investment in human capital. Thisframework sug-
gests the possibility that a government subsidy to human capital
formationor schooling could potentially result in a substantial improve-
ment in economic growth and welfare.

Another example of the role played by externa effects has been
proposed by Paul Romer (1986) in one of the seminal contributionsto
the new work on growth. Building on the work of Kenneth Arrow
(1962) and others, Romer's framework is conceptualy similar to
Lucas model just described except that the source of the externality
isthestock of knowledge. Knowledgeis produced by individuals, but
since newly produced knowledge can, at best, be only partialy kept
secret, the production of goods and services depends not only on
private knowledge, but on the aggregate stock of knowledge as well.
Firmsor individualsonly partialy reap the rewardsto the production
of knowledge and so a market equilibrium results in an under-invest-
ment in knowledge accumulation. Knowledge in this framework is
closely related to the level of technology so that Romer is explicitly
attempting to make technological progress something that is deter-
mined by the model rather than imposed externally. Some of Romer's
more recent work (for example, Romer [1990]) continuesto stressthe
importance of invention and the development of new technologies as
theengines of economic growth. In these newer models, firms cannot
appropriateall the rewardsto knowledge production so that the social
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rate of return exceeds the private rate of return to certain forms of
capital accumulation. Since knowledge and invention are devel oped
by private profit maximizing firms, the economy may under-invest in
these forms of capital. Consequently, public policies regarding tax
incentivesfor research and development, patents and property rights,
and regulatory issues may be critical to raising the growth rate and
economic welfare in these economies.

Barro (1990) has explored aframework that includes tax-financed
government services. In Barro's framework, government provides
twotypesof services. First, government providesconsumption-rel ated
services directly to households. These could be anything from food-
stampstoart work. Second, thegovernment sector suppliesproductive
goods that can be considered public capital and serve as an input to
private production. Services from infrastructure such as roads and
bridges as well as courts and police services which may enhance
property rightsare candidatesfor public provided capital. Both types
of services are assumed to befinanced by aflat rate incometax. The
production function must, as stressed before, exhibit constant returns
to scale in factors that can be accumulated, in this case private and
public capital. Otherwise, the long-run growth rate is once again
determined by the rate of technological progress.!6

The two types of government services impact long-run growth in
different ways. First, government consumption services have no
productiveimpact in this model economy, yet they arefinanced by an
income tax that lowers the return to the accumulation of capital.
Conseguently, increases in government supplied consumption ser-
vices reduces the long-run growth rate of the economy. Second,
government supplied capital inducestwo offsettingeffects. An increase
in publiccapital raisesthereturnsto privatecapital accumulation and thus
raises the long-run growth rate. The increase in the income tax rate
necessary to provide the capital actsto reduce thelong-run growth rate.
To balancethese two effectsand thusmaximizegrowth, the government
must supply publiccapital at the samelevel aswould be provided by the
privatesector. Supplyingmoreor lesscapital lowersthelong-rungrowth
rate. Thusashift from productiveto nonproductive spending by govern-
ment would lower the long-run growth rate. Barro also argues that
lookingacrosscountries,oneshould expect to seethat the higher theratio
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of productivespending to output, thelower long-run growth rates will
be.”

Industrial policies and endogenous growth

To some, these model s with externalitiesareattractive because they
appear to provide a rationale for government intervention and may
have been seen asjustifying atypeof "industria policy.” Unfortunately,
theleap from theory to practice in thiscaseisaparticularly large one.
Inthefirst place, welfareimproving subsidies of specific activitiesare
usually assumed to be offset by a nondistorting lump-sum tax else-
where in the economy. In reality, tax and subsidy schemes are never
so clear-cut. Subsidies are often financed by distortionary taxes and
thusthe benefits may be partially or totally offset. Second, the models
generally say that it may be beneficial to reduce the tax on, say,
research and devel opment or on investment in those technol ogiesthat
have the greatest external benefits. Such prescriptions are not easily
translated into a method of ** picking winners." The policymaker still
does not know which investments will have the biggest external
benefitsnorishelikely toknow inadvancewhich industrieswill make
the greatest contributionsto the state of knowledge or human capital.
Perhaps the best way to interpret these models is to recognize that
reducing the taxation on investment in human capital and the produc-
tion of knowledge will generally result in increases in sustained
growth rates and to the extent such investments generate external
benefits to the economy, the rewards are enhanced.

Economicgrowth in a cr oss-section of countries

Table 3 summarizes some of the facts surrounding the growth
experiences for a broad cross-section of countries for the period
1960-89. Thevariablesare onesthat arefrequently found in empirical
studies of economic growth. The 97 countries had an average growth
rate over the period of just over 2 percent. Of the 97 countries| have
arbitrarily classified, the 23 that grew on averagelessthan 0.5 percent
per year asslow growth countriesand they grew at an average annual
rate of about -0.3 percent. The 14 countries that grew faster than 3.5
percent are classified asfast growth countries.!®
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Table3
Growth Characteristicsof a Cross-Sectionof Countries
1960-1989
Overall Slow Fast growth  Correlation
average growth<5%  >3.5% with GDP
n=97 n=23 n=14 growth rate
Red itaGDP growth
196?&8%6Jp g 2.03% -.26% 4.88% 1.00
Investment share of GDP 21 17 .26 .61
Government consumption
shared GDP .15 .15 .14 .10
Inflationrate 23.00% 42.11% 7.90% -17
Standard deviation o
inflation rate 52.38 137.19 5.68 -.16
Exportsasashaed GDP .28 24 35 .30
Imports asasharedf GDP 33 30 40 31
Secondary school
enrollment rates 1960 21 .06 .34 41
Primary school enrollment
rates 1960 74 44 .98 .54
Population growth 2.06% 2.55% 1.26% -36
Revolutions and coups per
year 20 35 12 -37
Red per capitaGDPin 1960  $1840 $889 $1968 20

There are several interesting aspects to these data. First, countries
that grow faster typically devote alarger share of GDP to investment.
They have sharply lower inflation rates and thus resort to inflation as
asource of tax revenueto alesser degree than the countries that grow
slowly. Fast-growing countries also are engaged in trade with other
countriesto agreater degree than slow-growing countries. Moreover,
itisnot just export trade that isassociated withfast-growingcountries,
but imports also constitutealarger share of GDP. Both secondary and
primary school enrollments rates are higher in faster growing
economies. These enrollment rates have been used by Barro (1991)
and others as proxies for investment in human capital. Population
growth in the slow-growth countriesis 1.3 percent higher than in the
faster growing economies. The average number of revolutions or
coupsis a variable intended to capture the political (in)stability of a
country andisclearly larger for the sampleof slow growth economies.
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Barro (1991) and others have presented evidence that government
consumption to GDPisnegatively related to growth in some samples.
The measure used in Table 3 indicatesthat slow growing economies
have more government consumption to GDP that fast growing
countries, but the correlation is weak. The measure used in Table 3
does not correspond to the nonproductivegovernment spending empha-
sized in Barro's model. For a smaller sample of countries, Barro
constructs ameasure of government consumption that omitsspending
on education and nationa defense. He argues that these expenditures
are more like public investment than consumption. He finds that
measured appropriately, government consumption has significantly
negative association with average growth rates. He also finds that
public investment islargely unrelated to economic growth.

| have also reported the simple correlation of each variable with the
real per capita growth rate. These correlations point to investment,
trade, and school enrollments as the most correlated activities with
growth. The school enrollment rates are of particular interest since
they areasstrongly correlated withreal income growth asinvestment.

Finally, many authors have noted that in broad samples of countries
initial income levels are not correlated with subsequent economic
growth. If the Solow model is interpreted literally, the transitional
dynamics of the model would suggest that poor countries should grow
faster than rich ones so the correlation should be negative. In this
sample the correlation is positive rather than negative. Charts 2-5
visually depict several of these associations summarized in the table.
In Chart 2 the 97 countries are divided into quartiles based on their
income per capitain 1960. The average growth rate of the countries
in each quartile for the subsequent 29 year is then plotted. In this
sample, thissimplechart shows that richer countries on averagegrew
faster during the period than poor countries.

Charts 3-5 divide the countries according to their growth rate rather
than income. Chart 3 shows the positive association between invest-
ment shares and growth. Thisisoneof the most robust correlationsin
thetable. Chart 4 highlights theassociation betweenschool enrollment
rates in 1960 and growth. The more rapid growing countries appear
to have been investing more in human capita. Thisresultis particularly
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~ Chart2
Real Per Capita Growth and Real Income
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Chart 4
School Enrollment Ratesand Real Per Capita Growth

Secondary School Enrollment Rates in 1960
.35

30

25

201

A5

A0

05

Bottom Quartile Top Quartile

Chart5
Trade Shareof GDP and Real Per Capita Growth

Trade Share of GDP
1.0

Bottom Quartile Top Quartile



78 Charles|. Plosser

important given the significant role played by human capital accu-
mulation in the new models of long-term growth. Finally, Chart 5
breaks down the rel ation between the volume of trade and growth. The
fastest growing countriesengaged in more tradein relation to the size
of the economy than slower growing nations.

Whilethesecomparisons areinteresting and instructive, the sample
containsa very wide variety of countries whose experiences, endow-
ments, and forms of government are quite different. It is helpful to
break out a subsampleof countriesthat are potentially moresimilar to
seeif therelations observed previously arerobust. Table4 replicates
the previous tablefor 24 countries of the Organization for Economic
Cooperation and Development (OECD). Compared to the larger
sample this is a fairly homogenous group of countries which were
generally among therichest nationsin 1960, if not always the fastest
growing.

It isinstructive to note the features that are associated with slower
economic growth and compare them to the broader sample. First, the
association between growth and investment remains strong. In this
sampleanegativecorrel ation between growth and government spend-
ing is more pronounced. Thereisalso a negative association between
the initial level of income and growth. Finaly, Table 4 includes a
variable that measures the average tax rate on income and profitsin
each country. In the endogenous growth models such atax would act
to discourage investment in both physical and human capital and thus
lower the growth rate. The correlation is indeed negative as seen in
thetable. Chart 6 displays this negative association between tax rates
and growth.

It would be wrong to take these simple correl ations as evidence of
causation running from the variable of interestin Tables 3or 4 toreal
economic growth. Many of them, such asinvestment rates, are endo-
genousvariables. That is, investment may cause morerapid economic
growth, but rapid economic growth may also increase the demand for
investment goods. Other variables might bespuriously correlated with
growth simply because they may be correlated with a third more
important variable. Infact, many of these variablesarecorrelated with
each other so determining the marginal impact on growth of any one
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of them may provedifficult. On theother hand, thissort of information
is suggestive and important for understanding various factors related
to long-run growth.

The empirical strategy followed in most of the literature is to
estimate various cross-country regressions in search of a set of stable
relations among the various variables suggested by the theories. One
of the mgjor difficultiesis that the data necessary to adequately test
the predictions of both the old and new models of growth are not
available. In some cases thequality of thedatais suspect and islikely
to be heavily influenced by measurement error.!?

Table4
Growth Characterigicsfor OECD Countries 1960-1989

Overdl Slow growth  Fastgrowth  Correlation

average <3.0% >3.0% with GDP
n=24 n=13 n=1| growth rate
Real per capitaGDP
growth 1960-89 3.00% 2.40% 3.71% 1.00
Investment share of GDP .23 21 .25 .61
Government consump-
tion shareof GDP 17 .19 16 -.45
Income & profit taxes
shareof GDP 12 14 .10 -52
Inflationrate 9.03% 8.33% 9.84% A3
Standard deviation of
inflation rate 5.61 -5.38 5.87 13
Exportsas a share of GDP .29 31 27 -17
Imports as a share of GDP .30 31 .29 -11
Secondary school
enrollment rates .50 St .50 -.15
Primary school
enrollment rates 1.10 1.10 1.09 .03
Population growth 78% .88% .67% -.14

Red per capita GDP
in 1960 $4333 $4990 $3534 -.68
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Chart 6
Real Economic Growth and Tax Ratesin OECD Countries

Average Per CapitaReal GDP Growth 1960-1989

0 .05 .10 15 .20 .25
AverageTax Rates onIncomeand Profits

Levine and Renelt (1992) have examined these cross-country
regressions in great detail attempting to identify those relations that
appear robust. The following findings are summarized from their
conclusions:

Investment rates (for both physical and human capital) display
arobust positive correlation with average growth rates across a
wide variety of samples and specifications.

Tradeasashareof GDP is positively correlated with investment.
Moreover,import shareswork aswell asexport sharessogrowth
appearsto be closely associated with trade not just exports asis
sometimes asserted.

Poor countries seem to grow faster than rich countries if the
initial level of human capital isheld fixed as measured by school
enrollment rates. Thisconditional convergence property appears
significant over the 1960-89 period but does not appear to hold
oxer the 1974-89 period.
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Trade policy variables appear closely related to investment and
so their separate impact on growth cannot be determined inde-
pendently of investment.

The correlation of some fiscal policy variables with growth is
dependent on what other factors or policies are held fixed.

In some ways it is not surprising that policy variables are not
robustly correlated to growth, especially when investment is held
fixed. After al, if thereisachannel for policy it isthrough itsimpact
on the incentives to save and invest. Moreover, policiesare complex
and varied ranging from monetary andfiscal policiesto regulatory and
trade restrictions. Finally, policies within a country are frequently
highly correlated. For example, countries that have strong and large
central governmentsfreguently adopt awiderangeof potentially slow
growth policiesincluding higher taxes, morerestrictive tradepolicies,
more regulation of financial intermediaries, and so on. So if we are
clever, we may find a way of summarizing an entire package of
government policies employed by a country but it may prove very
difficult or impossible to disentangle empirically the separate effects
of oneaspect of policy from another.

Solow revisited

The work on endogenous growth models and their emphasis on
broader concepts of capital has prompted a number of authorsto ask
if theoriginal Solow framework with diminishing returnscan bemade
more consistent with data by broadening the concept of capital. Barro
(1991), Barroand Saa-i-Martin (1992) and Mankiw, Romer, and Well
(1992), for example, find evidence that after controlling for potential
differencesin steady states, andin particular differencesininvestment
in human capital, poor countries grow faster than rich countries.
Conditional convergenceof thissort isusually interpreted as support-
ing the Solow framework and its dependency on diminishing returns
and asinconsistent with endogenous growth models.

The logic of the Solow model with diminishing returns is that
countries will converge to a steady-state level of income per capita,
but not necessarily the same steady state. Thus without accountingfor
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the potential differencesin the steady-stateincomelevelsthere would
be no reason to expect to see poor countries growing faster than rich
ones and, indeed, Chart 2 and Table 3 make it clear that they don't.
However, convergence would beanticipated in the Solow framework
after conditioning on the determinants of the steady-state level of
income.

Mankiw, Romer, and Weil (1992) find evidence of such conditional
convergence but find that reasonabl eestimatesare produced only after
broadening theconcept of capital toincludehuman capital. Asaresullt,
the version of the Solow model constructed by these authors exhibits
acapital sharethat isat least 0.67 rather than the value of 0.33 that is
commonly associated with physical capital. Barro and Sala-i-Martin
(1992), through a similar analysis, arrive a an estimate of capital's
shareof 0.8. Both of these results point to a much moreimportant role
for capital accumulation and human capital accumulation because
their implied modelsare much lessinfluenced by thesharply diminish-
ing returns of the standard neoclassical framework. Nevertheless,
these analyses remain silent on the sources of sustained economic
growth since technological progress or productivity improvements
remain the sole source of growth in the steady state.

It was noted earlier that in the Solow framework with capital's share
set at 0.33, the convergence to a new steady state should have a
half-lifeof six to 10 years. With capital's shareincreased to 0.67, the
half-lifeincreasesto something on theorder of 30years, Oneimplica-
tion of thisslower transition isthat theimpact of policies that alter the
steady-state growth rateisspread out over much longer periods so that
impact on growth rates of thetransitional dynamicsinthese modelsis
even less. For example, if a policy increases the steady-state level of
income by 25 percent, but it takes 60 yearsinstead of 30 yearsto fully
close the gap, then, during the transition, growth rates would on
average only be 0.4 percent per year higher compared to 0.8 percent
higher for the model with a shorter transition period. Thus, using the
Solow model, even with a much higher capital share, does not really
offer much additional explanation for growth.

It is worth noting at this point that conditional convergence of the
type uncovered by these authorsis not necessarily inconsistent with
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the new theories of endogenous growth. In some settings where there
are multiple sectors, the new theories do predict transition pathsfrom
one steady-state path to another. Thusitisvery likely that someform
of convergence will be found in these models as well. What the
empirical literature hasfound may simply be evidence for the exist-
ence of transitional dynamics not adiscriminating test of old vs. new
theories of growth.

An assessment and prospectsfor thefuture

The new theories of economic growth seek explanations for sus-
tained economic growth and persisting disparitiesacross countriesin
incomelevelsand growthrates. Thetraditional view based onthework
of Robert Solow appeared to leave too much of such explanations to
unobserved exogenous forces like technological progress. Indeed,
economic policies intended to influence the rate of physical invest-
ment could not affect steady-state growth in this traditiona
framework. Such policies could influence the level of steady-state
output and thusthe transition to new long-run equilibrium. However,
diminishing returns to capital accumulation make it virtually impos-
siblefor the traditional model of growth to explain much of the very
large variations in income levels or growth rates.

The new growth theories are extensions of the basic neoclassical
framework developed by Solow. Thefeature that distinguishes these
models from the neoclassical framework is that they entertain the
possibility that the returnsto capital accumulation are nolonger bound
by diminishing margina productivity. In order to generate sustained
economic growth, these modelsfocus on the existence of a* core™ set
of capital goods that are constant returns to scale in reproducible
factorsof production. Breaking thedependenceondiminishingreturns
is frequently achieved by considering broad forms of capital in the
production process and especial focusing on theroleof human capital .
Anotherclosely related strategy istoconsider endogenoustechnologi-
ca progress where private investment in theacquisition of knowledge
or technology has external benefits that offer an escape from the
limitations of diminishing returns.

The implication of these models is that capital accumulation in all



84 Charles|. Plosser

forms is quantitatively more important than in the traditional
framework. Consequently, they provide an interesting and rich
laboratory for investigating theimpact of policy on economic growth.
The sorts of public policies that impact the incentives of millions of
individuals to save and invest in both physical and human capital as
well asinvest in the development of new technologies turn out to be
central to thelong-run rate of growth.

It istoo early to measure how successful these attempts will be to
explain growth and understand how policiesarelikely tointeract with
anation's growthrate. Asyet these model s havesimply not confronted
thedatain waysthat will deliver answersto such important questions.
Understanding the role and significance of human capital or the
accumulation of knowledge and technology are difficult but the
payoffs are large.

Endnotes

'whether economists have been any more successful at these endeavors remains an open
question.

2Of the 24 countries, out of asample of 97, whose per capita incomes were in the bottom
quartile in 1960, 18 were 1n the bottom quartile in 1989, and 23 remained among the bottom 50
percent.

*Lucas (1987) argues that eliminating variability in consumption of the magnitude exper-
enced in the United States over the postwar period would be equivalent in utitity terms to an
increase in average real consumption of somewhere between 0.1 percent and maybeas much as
0.75 percent. On the other hand, raising the long-term growth rate by two percentage points
would be equivalent in utility to an increase of 31 percent in real consumption.

“lam assuming that the population and the labor force are the same. For purposes of this
discussion, nothing of importance is sacnificed with this simplification. It should be apparent
that this production technology exhibits diminishing returns to the capital/labor ratio K/L.

*In technical terms, the growth rate of the per capitacapital stock can be wntten as (kr+ -k )k
= gi sothat dividing the capital accumulation equation through by k yields gy =ik-8 = sAk™®-8,
where s is the investment rate i/y. As the caputal stock per capita grows, the first term, sAk’®,
declines until it reaches6.

SThe discusston in thetext will typically proceed asif the savings rate is predetermined since
this makes certain aspects of the framework moreintuitive. However, it isImportant to keep in
mind that savings rates are chosen by agents and so are endogenously determined. In order to
affect changes in the savings rate, the incentives to savings/investment must be altered.
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"Mankiw, Romer, and Weil (1992) find that if capital's share isset at one-third, they can only
explain 28 percent of the cross-country variation in long-run average income levels using a
sample of 75 countries. The model explainseven less of the variation among OECD countries.

#The investment to output ratio is proportional to the capital and output ratio in the steady
state and given the Cobb-Douglas technology is ¥/L= AfK/Y ] ory =Afksy (1,

®How fast an economy convergesto a new steady state is a matter of considerable debate.
Estimates apparently depend on the sample and other characteristics that are held fixed. Barro
and Sala-i-Martin (1990) and Mankiw, Romer, and Weil (1992) estimate that one-half the gap
isclosed anywhere between 25 years and 110 years depending on the sample considered. The
Solow model with a= 2 3 predicts that the gap should close much more rapidly and depends on
several parameters. King, Rebelo, and Plosser (1988) compute the half-life of the transition as
ranging from five to 10 years under a reasonable range of parameter assumptions.

10ing and Rebelo measure the welfare loss to this economy of the increase in taxes as
equivalent to a permanent 1.6 percent drop in real consumption.

1See Uzawa (1965) and L ucas (1988) for early work on incorporating the accumulation of
human capatal into a model of economic growth.

2 per capitaterms, this production function is Y/L = y = AK/L = Ak.

BFor this model with a constant Investment rates, the growth in the per capita capital stock
can be expressed as gk = sA - 6. Thus anything that raises the rate of investment, s, or the level
of technology, A, will also raise the growth rate.

YThe roleof financial intermediaries and their ability to allocate investment is explored by
King and Levine (1991, 1992) and by Roubim and Sala-i-Martin (1991).

15The welfare consequences are equally large. King and Rebelo estimate the loss due to the
tax increase isequivalent to adrop of 65 percent in real consumption.

'8 The potential for a sub-optimal competitive equilibrium arises in this framework if, for
example. tax ratesarefixed so that an Increase in private capital resultsin an increase in public
capital because output and therefore, public spending rises. If the increase in public capital 1s not
recognized as part of the retum to private capital accumulation then the resulting competiti ve equilibrium
will produce too littlegrowth sincethe social rate of return exceedsthe privaterateof return.

The reasoning behind this point is somewhat subtle. If governments are optimizing, then
the reason why different countries exhibit different spending ratios is that the relative produc-
tivity of public vs. privatecapital differsacross countries. Countries with higher spending ratios
and mgher taxes are hikely to experience lower growth rates because public capital must be
financed through adistortionary tax.

18The standard deviation of the average growth rates for the 97 countries is 1.78 percent so
the slow and fast growth countries are those that are slightly less than one standard deviation
from the mean.

®Summers and Heston (1991) grade the quality of their extensive cross-country dataset and
many of thecountnes rateaC- or D, especialy in Asia, Africa, and South America. Yetalarge
fraction of thecross-country variability in growth ratesansesfrom countrieson these continents.
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