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STELLINGEN
bij het proefschrift

Economic Growth and Business Cycles

Erik Canton

[1]

De economische effecten van vergrijzing hangen af van de specificatie van de intertempo-

rele nutsfunctie. Wanneer we ons gedragen volgens de theorie van Mill, dan mogen we

een permanente stijging van het inkomen per hopf.d verwachten. Volgen we het gedach-

tengoed van Bentham, dan luidt de conclusie dat ons een tijdelijke recessie te wachten zal

staan.

(Deze stelling is gebaseerd op hoofdstuk 2)

[2l

Studeren (vorming van menselijk kapitaal) is een effectiever middel tegen inkomens-

onzekerheid dan sparen (uitbreiding van het machinepark).

(Deze stelling is gebaseerd op hoofdstuk 3)

[3]

Learning-by-doing door een monopolist kan de economische groei afremmen, en zelfs

volledig stopzetten.

(Deze stelling is gebaseerd op hoofdstuk 4)

(4]

Het subsidiëren van onderzoek kan leiden tot een onimcediging ervan.

(Deze stelling is gebaseerd op hoofdstuk 4)



[~]

Het waargenomen verband tussen economische grcei en conjunctuur wordt beïnvlced door

overheidsingrijpen. De samenstelling van de overheidsuitgaven en de mate waarin

publieke investeringen bijdragen aan de economische grcei, bepalen of "meer overheid"

leidt tot hogere of lagere economische grcei. Verder is er sprake van een negatief verband

tussen overheidsomvang en hevigheid van de conjunctuur. Aldus kan de aanwezigheid van

de publieke sector een verklaring bieden voor zowel negatieve als positieve interactie

tussen economische grcei en conjunctuur.

(Deze stelling is gebaseerd op hoofdstuk 5)

[6]

Wetenschappers zonder fantasie vluchten in de empirie.

(Bewerking van Loesje)

[T]

Dat congestie niet per definitie nutsverlagend hceft te werken, kan men aan den lijve

ondervinden op vrijdagavond in Polly Maggoo.

[g]
Economen die pleiten voor een loongolf zouden minder moeten verdienen.

[9l

Bij onderzcek naar ~grcei en conjunctuur is het zaak om niet van de ene in de andere

recessie te belanden.
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"Het probleem is dat we maar één keer leven:
zodra we iets hebben ervaren en het eindelijk
begrepen hebben, gebeurt het nooit meer"

Milan Kundera,
De ondraaglijke lichtheid van het bestaan



Preface

Background

Writing a Ph.D. thesis is like travelling around in an unknown area. You start somewhere

and in the beginning you have to find out where you are and where you want to go to.

However, you don't know along what paths the journey is taking you, and you only can

speculate about the difficulties and problems you have to deal with on your way. Only

after a while you start learning about what route to choose and how to go on.

I started my work on the Department of Economics and worked with Anton van

Schaik. The plan was to write an empirical dissertation on economic growth and business

cycles. As a first empirical study, I wrote "The OECD 1951-88 Growth Experience

Revisited" in the first year of my Ph.D. program. The first chapter of this dissertation is

largely based on this study. But I eventually got lost in the empirical work, and decided

to continue in a more theoretical direction. At the time I moved to CentER to work with

Harald Uhlig, I started to attend his Utrecht-course on business cycles. This course

actually determined an important trajectory in my trip. I learned to solve stochastic

models and the techniques taught in this course enabled me to start working on the paper

"Business Cycles in a Two-Sector Model of Endogenous Growth" (chapter 3 in the

thesis). During the third year of my trip I started to see the light and it was a very

productive and interesting year: Lex Meijdam and I wrote "Altruism and the Macroecono-

mic Effects of Demographic Changes" (chapter 2 in this thesis, and forthcoming in

Journal of Population Economics), I started to work with Harald on our joint project

"Economic Growth and the Cycle: Creative Destruction versus Entrenchment" (chapter

4), and I went to several international conferences to present my work. At the beginning

of my fourth year I visited the Federal Reserve Bank of Minneapolis (the Mekka for Real

Business Cycle economists; thanks to Warren Weber for inviting me!) and I started to

write the final chapter on "Fiscal Policy in a Stochastic Model of Endogenous Growth".
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Chapter 1

ECONOMIC GROWTH AND BUSINESS CYCLE~;

Preliminariesl

This chapter is an introduction to the topic of economic growth and business
cycles. We start by presenting some empirical evidence on an investment driven
growth process for 16 OECD countries in the post-war era. To gain some
insight in the ultimate factors behind the growth process, we endogenize the
investment ratio and re-estimate the original model by adopting an Instrumental
Variables technique. After reviewing some salien[ business cycle features, we
turn to the central issue in this thesis: are long-term economic growth and
husiness cycle variability related? We survey some econometric evidence, and
~roceed by discussing various well-known explanations for the observed
mterdependency between economic growth and the cycle. A sketch of the
remaining chapters in this dissertation winds up this introductory chapter.

1.1 Introduction

This dissertation is about economic growth and business cycles. In particular, we are

interested in the question whether economic growth and cyclical variability are interde-

pendent or not. Although modern macroeconomic analysis commonly assumes that both

phenomena are orthogonal, there are many reasons to believe that this is not the case. In

this chapter we want to challenge the conventional wisdom of separating growth from

business cycle patterns.

Before going into details, let us first fix ideas by being a bit more explicit about

what we mean by economic growth and business cycles. The steady increase of a nation's

aggregate production level is referred to as "economic growth" . In other words, economic

~ This chapter is partly based on Canton ( 1994), which I wrote under [he supervision of
Anton van Schaik: I am indebted to Anton van Schaik for useful suggestions on earlier
versions of this paper. Theo Nijman encouraged me to apply the method of instrumental
variables.
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growth is the secular, low frequency, trend path of (some measurement) of aggregate

production. However, observed macrceconomic time series do not show a steady or

smooth pattern through time. Aggregate production, employment, investments, interest

rates, exchange rates and so on typícally move erraticly over time. These macrceconomic

variables apparantly move together, and such comovements of variables around their

secular trend pattern are called "business cycles".

The topic of economic growth has received considerable attention in the recent

macrceconomic literature. The theoretical strand of this literature mainly focused on the

construction and further development of models that endogenize the long-run rate of

economic growth. This is done by assuming non-decreasing returns to reproducible factor

inputs (in Arrow (1962) and Romer (1986) because of learning-by-doing; in Barro (1990)

because of productive government spending), or by introducing intentional technological

change (like the learning-or-doing model in Lucas (1988) or the "blueprints" model by

Romer (1990)). Good surveys can be found in Stern (1991) and van de Klundert and

Smulders (1992). Econometric studies about why growth rates differ across countries and

historically have been spurred by the availability of internationally comparable data for a

large number of countries and a long time span, such as the Penn World Table project by

Summers and Heston and the dataset collected by Barro and Wolf (1989). Examples of

econometric growth studies include Kormendi and Meguire (1985), Grier and Tullock

(1989), Barro (1991), Levine and Renelt (1992), van de Klundert and van Schaik (1996),

and de la Fuente (1997).

During the early eighties, business cycle research was given new impetus by the

seminal work of Kydland and Prescott (1982) and Hansen (1985) on so-called Real

Business Cycle (RBC) theory. In fact, the techniques to solve nonlinear dynamic

stochastic models and the methodology of comparing actual data to artificially generated

data through calibration of the model economy nowadays belong to the standard equip-

ment of modern macrceconomic research. The basic idea of RBC theory is to allow for

stochastic exogenous productivity disturbances in the context of a neoclassical growth

model. Economic agents respond optimally to temporary deviations in the technology

from its long-term trend through intertemporal substitution of their leisure and consumpti-

on possibilities. These behavioural reactions propagate the exogenous technology

disturbances forwardly through time, thereby mimicing some salient characteristics of
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cyclical variations in economic activity.

Whereas new growth theory builds forth on the standard neoclassical growth

model by endogenizing the long-term growth rate and RBC theory extends the neoclassi-

cal model with stochastic exogenous technology shocks, very few attempts have been

undertaken to construct integrated models of endogenous growth and business cycles. This

is strange, especially in light of the striking failure of standard RBC models to explain

permanent production effects due to temporary technology shocks as documented by

Nelson and Plosser (1982) and many others. This dissertation aims to contribute to the

existing body of literature by focusing on the interaction between long-term economic

growth and cyclical variability.

Before turning to modelling growth and fluctuations in the remaining chapters of

this thesis, we want to start with a"down-to-earth" empirical description of the modern

economic experience in a sample of OECD countries. Our plan is the following. In

section 1.2 we start by describing some observed patterns of economic growth in 16

industrialized countries for the post-war period. We pay particular attention to the catch-

up process of these nations to U.S. productivity levels during the fifties and sixties, and

the subsequent slowdown in economic growth after the first oil price shock in 1973.

Using pooled cross-section~time-series data, we proceed by presenting some econometric

evidence for an investment-driven growth process in our OECD sample. We subsequently

turn to an investigation of the factors behind the investment decision, and re-estimate our

original regression model by adopting an Insttumental Variables technique. In the third

section we turn to the topic of business cycle fluctuations and describe some salient facts,

such as the observed co-movements between important macrceconomic variables like

aggregate production, employment, investment, and consumption. The assumed orthogo-

nality between economic growth and business cycles is questioned in section four. The

interaction between growth and the cycle is explored in a number of econometric studies,

which we will briefly discuss. The most prominent theoretical explanations for the

presence of an interdependency between growth and cycles are recapitulated in section

1.5. Finally, section six concludes this chapter and sketches the research agenda for the

upcoming chapters in this thesis.
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1.2 Patterns of economic growth

1.2.1 Economic growth in the industrialized world; Some observations
Most economists agree that the pattern of economic growth in the industrialized world has

shown an ongoing convergence process in per capita income levels, labour productivity,

and total factor productivity, since the starting of the second industrial revolution in 1870:

countries that were relatively poor initially have shown relatively high economic growth

thereafter.Z However, as Baumol (1986) has shown, this tendency to converge has not

been ubiquitous. Convergence has been observed within a group of free-market industria-

lized nations and within a group of centrally planned economies, but not between both

"convergence clubs". Moreover, a large group of less developed countries failed to

display any convergence. This would raise the belief that the ability to catch-up is

contingent on some kind of similarity between the member countries. The similarity might

apply to the technology of production (cf. Abramovitz' technological congruence, 1989),

government policies, consumers' demand schedules, geographical positions, organization

of the economic system, as well as many other factors. Because the countries of the world

display large dissimilarities, it seems more justifiable to concentrate attention on a sample

of more or less comparable countries. Here we focus on the explanation of growth

differentials within the club of industrialized economies.

To that end we look at observed patterns of economic growth and its main

detetminants for 16 OECD countries' in the post-war 1951-88 period'. In particular, we

collect data on economic growth, investment, employment growth, and catch-up (defined

as the average distance of the following country to the U.S. in terms of real GDP per

z

a

Examples of studies on the convergence phenomenon include Baumol (1986), Abramovitz
(1989), Dowrick and Nguyen ( 1989), Mankiw, Romer and Weil (1992), Barro (1991,
1996), Barro and Sala-i-Martin (1995), and de la Fuente (1997).

Countries: Canada, U.S., Japan, Austria, Belgium, Denmark, Finland, France, Germany,
Italy, The Netherlands, Norway, Sweden, Switzerland, U.K., and Australia.

To differentiate between episodes, the total period is divided into 8 sub-periods: 1951-55,
1956-59, 1960-64, 1965-68, 1969-73, 1974-78, 1979-84, 1985-88. The cut-off between
these sub-periods are the peak years of economic growth, where growth rates are averaged
across the countries (cf. Maddison, table 4.7, 1991). A simplifying assumption is that
cyciical movements are synchronized across countries.
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worker); Appendix I contains further details. A summary of the dataset is presented in

Table 1.1.

Period 1951-88 1951-73 1974-88

Economic growth (lo) 4.00 4.84 2.60
[0.49] [0.38] [0.43]

Investments ( ~ ) 16.86 17.24 16.23
[0.24] [0.22] [0.25]

Employment growth (~) 0.96 0.96 0.97
[0.80] [0.89] [0.64]

Catch-up (q) 63.0 57.0 74.0
[0.30] [0.33] [0.16]

Note: Variables are defined in appendix I. Coefficients of variation are in brackets. The numbers
in the table are averages across sub-periods.

Table 1.1: Summary of the dataset.

According to Table l.l,the 16 countries reached an average annual growth rate of

4.Oq in the post-war period. In 30 years they thus managed to triple their GDP levels.

This production growth has been accompanied by an investment effort of approximately

17 q per year's GDP and an annual labour input growth of about 1 q. The average

productivity difference with the U.S. is 37qo for the whole period. These figures apply to

the total 1951-88 period, i.e. the first column of Table 1. The other two colums show the

data when the total period is split into two episodes, 1951-73 and 1974-88. The post-73

growth slowdown appears to be more than 2 q-point, compared to the golden period.

Investments decline by about 1 q-point, and labour input growth is approximately constant

across the episodes. The average productivity gap is much smaller for 1974-88 compared

to 1951-73, so the OECD countries catched-up (on average) to the U.S. in terms of

output per worker.

1.2.2 A simple regression analysis
New growth theories endogenize the long-tun rate of economic growth by assuming non-

decreasing returns to reproducible factor inputs ( in Arrow (1962) and Romer (1986)

because of learning-by-doing; in Barro (1990) because of productive government
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spending), or by introducing intentional technological change (like the lear~ning-or-doing

model in Lucas (1988) or the "blueprints" model by Romer (1990)). Probably the most

general endogenous growth theory is found in A new view of economic growth, by Scott

(1991). Investments are defined as the costs to change the economic constellation, in

terms of consumption forgone. It not only includes additions to the capital stock, but also

expenditures on research and development, marketing and market research, education,

and reallocation of production factors to more efficient sectors. To put it differently,

investments are the construction costs of an economy. Learning-by-doing and learning-by-

watching prevent the marginal returns to investment from declining. Investment changes

the economic constellation and opens up new opportunities to invest. In this defiant new

growth theory the neoclassical core concept of the production function is replaced by a so

called Investment Program Contour (IPC) which is strongly reminiscent of Kaldor's

Technical Progress Function (1957, 1962). According to Scott, the growth possibilities

are given by

g - g(INV, EMPL),

where g is economic growth, EMPL is employment growth, and INV stands for invest-

ment. First-order partial derivatives to INV and EMPL are positive, indicating that

economic growth is a positive function of the investment effort and labour input growth.

A linear specification of the IPC is

g - (3 ~INVt p2EMPL (1.2)

Some modifications are needed to transform eq. 1.2 into a regression model. A catch-up

term CU is included in the regression equation to account for the exploitation of the

advantages of backwardness in the follower countries. To test the ability of the following

countries to reap the benefits from backwardness before and after 1973, the catch-up

variable is split into two time intervals. Secondly, an error term e is included (which is

assumed to satisfy the Gauss-Markov conditions). Thus, the testable regression equation

looks like

gu - QotailNVrtQ2EMPL~~ta31n(CU1951-73,~t)tRa~(CUi9~a-ss.~)tEu (1.3)

where i denotes the country and t the time period. This regression model is identical to
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the model by van de Klundert and van Schaik (1996). Estimation results from an

Ordinary Least Squares ( OLS) procedure are reported in Table 1.2. Regression ( 1) is the

benchmark. Economic growth in the post-war OECD world is positively related with the

investment rate and with labour input growth; both cceffcients are highly significant. The

catch-up factor appears with a significant negative ccefficient in the golden era, but loses

its significance in the post-1973 episode. To put it differently, follower countries could no

longer take advantage of their backwardness in productivity levels after 1973. About 60q

of the variation in economic growth across countries and over time is explained by this

simple regression model. The constant term in the regression equation does not differ

significantly from zero, so that there is no systematic unexplained residual in the growth-

regression. However, examination of the individual residuals shows systematic underesti-

mations for Italy. Therefore, in regression (2) a country dummy is added to the model,

which is significant at the 5 q-level. Nonetheless, the null hypothesis that the dummy has

no additional predictive value cannot be rejected at the 2.5 qo-level (F-4.76 C FT"`(1,122)

at a 2.Sq significance-level). Thus, the preferred model specification is eq. (1).

Eq. (1)

Intercept

Investment

Employment growth

Catch-up, 1951-73

Catch-up, 1974-88

Dummy Italy

0.41
(0.48)

0.09

Eq. (2)

0.22
(0.48)

0.10
(0.03) (0.03)
0.80 0.85
(0.17) (0.17)
-3.24 -3.15
(0.40) (0.40)

0.14 0.24
(0.86) (0.85)

RZ
F-statistic

0.99
(0.45)

0.61 0.62

50.30 42.44

Note: The dependent variable is the rate of economic growth. An OLS estimation procedure is
adopted. Standard errors are in parentheses. Variables are defined in appendix I. The
coefficient of determination is adjusted for the number of explanatory variables. There are
128 observations.

Table 1.2: Regression analysis, part 1.
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In the OLS estimation procedure it has been assumed that investments are exogenous.

However, we believe that it is more appropriate to treat the investment decisions as an

endogenous variable. Let us mention some stories that may give insight in the (macrceco-

nomic) determinants of investment. Firstly, in The rise and decline of nations, Olson

(1982) provides a socio-institutional explanation as to why growth rates differ substantial-

ly across countries. Special interest groups are held responsible for declining growth rates

over time, since their power is likely to increase during a long period of political

stability. Only a major political disruption, like the occupation by a foreign power or

times of totalitarian regimes, can dismantle these powers of vested interests. According to

Olson, the Japanese and Getman economic miracles were unprecedented events because

the war experience disrupted the political coalitions. A well-known application of Olson's

theory is the case of the British trade unions (cf. Crafts, 1992 8c 1993). Since legalization

was early achieved in 1871, and the U.K. experienced a stable pattern of industrial

development, the number of trade unions grew rapidly. Because of the strongly decentra-

lized character of these unions, large inefficiencies in production were preserved. It was

not until the early eighties that the power of these interest groups was broken down

because of a severe recession. In fact, it was a political decision from the Thatcher-

administration not to support the economy in these dark days. Mass unemployment

affected the bargaining power of trade unions. X-inefficiencies diminished thereafter, thus

increasing the British labour productivity at a respectable average annual growth rate of

2.4q between 1979-88.5 Here we suggest to use some indicator of trade union power

and study how this proxy affects the investment decision. To that end we simply use the

labour income share, the hypothesis being that strong trade unions can appropriate a

larger share of a nation's GDP, thereby discouraging investment.

Secondly, certain conditions have to be fulfilled in order to be able to exploit the

advantages of backwardness. These conditions are expressed by Abramovitz as social

capabilities ( 1989), and address to social and physical infrastructure, juridical and political

s F~re et al. (1994) present a seminal way to deal with productivity growth stemming from
shifts of the technological frontier (innovation) and shifts towards the frontier (catching-
up). To study the topic of productivity growth in more detail, the determinants of both
sources of productivity growth should be detected. In the U.K. example, an important
source of the productivity performance of the eighties is of a socio-political nature. It is
far from obvious that the U.K.'s innovation potential has improved.
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systems, and the effective consensus in favour of development. The ability to imitate or to

adopt the techniques of the leading country hinges on whether the country has been

successful in creating and sustaining these prior conditions for growth. For example,

McCombíe and Thirlwall (1994) illustrate the importance of education and training by

looking at the metal trades industry. The observed output-capital ratio is much higher in

Germany than in the U.K. This disparity of capital productivity is not due to qualitative

differences in the machinery. It is simply because German machines breakdown less often

(maintenance is better). When breakdowns occur, German foremen are better prepaired to

handle them. Production delays are therefore much shorter in Germany than in the U.K.

As a rough proxy for these prior conditions for growth, let us use the secondary school

enrollment rate. We hypothesize that higher secondary school enrollment rates tend to

increase investments in the economy.

Finally, can governments play an active role in the outcome of the economic

process? According to Maddison (ch. 6, 1991), governmental promotion of domestic

demand buoyancy sparked off a secular investment boom in the industrialized countries

during the early fifties. In the golden age, governments had a commitment to full use of

resources. For example, the Full Employment Act in the U.S. dates from 1946. In the

U.K. and Scandinavia, fiscal activism and the commitment to full employment were

promoted by the early acceptance of Keynes' theory. Although Italy and Japan did not

adopt Keynesian policies, their governments strongly intervened in the reconstruction of

their economies. Also Germany did not pursue any Keynesian conduct, but full employ-

ment was achieved by export-induced growth. In the capitalist economies only about

2.5 q of the labour force was unemployed in the 1951-73 period. Macroeconomic

equilibrium was promoted by using budgetary policy as an instrument. The subsequent

increase in public expenditures induced feedback-effects on the demand structure of the

economy. Governments became to play a propulsive role in the growth of aggregate

demand, and business cycle fluctuations were dominated by swings in government policy.

After 1973, the situation changed dramatically. Oil price shocks caused double-digit

inflation rates, and polícy aspirations changed to fight inflation. Full employment

objectives disintegrated, and unemployment rose sharply since the mid seventies. As an

indicator of resource utilisation, we suggest to use unemployment figures. Our objective

is to test the conjecture that high unemployment indicates demand slack, and thereby
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lowers incentives to invest.

Constructing operational variables for these hypotheses is a tricky exercise and an

elaborate design of such proxy variables goes beyond the scope of this chapter. Keeping

this in mind, we propose to use the following simple investment model:

INV~~ - yo}y~IAB~~fY2SEC~~ty3UNEMP~t}T1~! (1.4)

where rl is a random error term, LAB is the labour income share, SEC is the secondary

school enrollment rate, and UNEMP is the unemployment rate (variables are defined in

Appendix I). Results from OLS regressions of the investment model are reported in Table

1.3. Regressions (3)-(5) present some tentative evidence in favour of the three hypothe-

ses. Each hypothesis is tested separately for its ability to replicate the investment pattern.

All coefficients have the expected sign and are significant, except for the ccefficient of

the secondary school enrollment rate (which is borderline significant). The F-statistic

shows that there is no systematic relationship between investments and secondary school

enrollment (3.04cF""(1,126)). These regression results might however be biased due to

problems of multicollinearity.b The joint contribution of these variables to the explanation

of investments is tested in (6). All ccefficients are now highly significant and have the

expected sign. Compared to (3)-(5), all coefficients increase in absolute tetYtts while their

standard errors decrease. After controlling for unemployment and labour income shares,

the secondary school enrollment rate appears with a highly significant positive ccefficient

in the regression equation. Almost 40q of the variation of investments is explained by

this model. High shares of labour income in total income squeeze profits and discourage

investments. A 5 q-point increase in the labour share will cause investments to decline by

almost 2qo-point. High unemployment rates point at demand slack, and thereby reduce

investment. Unemployment discourages investment even stronger than the labour income

share dces. A Sqo-point increase in unemployment lowers investment by 3.4q-point. A

high secondary school enrollment rate is associated with a flexible and motivated labour

force. Increasing this entollment rate by Sqo-point stimulates investment by 0.64q-point.

6 If two explanatory variables are positively correlated, then the omission of one of them in
the regression model will cause the coefficient on the other variable to be upward biased
because it partly operates as a prozy for the omitted variable (see for example Dougherty,
1992).
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To check for country-specific influences, the residuals of eq. (6) are analyzed. Systematic

overestimation of investment rates is found for the U.S., Denmark, and France, while for

Austria, Norway, and Australia investments are systematically underestimated. Adding

country dummies to the model is done in eq. (7). All dummies are significant at the 5 qo-

level. In the U.S., Denmark, and France, the investment ratio is systematically overesti-

mated by about 3 q-point, 3 q-point, and 2q-point, respectively. In Austria, Norway, and

Australia, investments are underestimated by about 2 qo-point, 5 q-point, and 3 q-point,

respectively. Apparently, country-specific influences play an important role in the

investment process. For example, Norwegian government policies are directed to

stimulate investments by keeping borrowing costs artificially low, so that in spite of the

extensive redistribution of income aggregate capital formation is high (e.g., Moene and

Wallerstein 1993). Evidently, more research is needed to explain cross-country differen-

ces in investment behaviour.
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Intercept

Labour income
share

Unemployment

Sec.school
enrollment
Dummy U.S.

Dummy Austria

Dummy Den-
mark

Dummy France

Dummy Norway

Dummy Aus[ralia

Rz
F-statistic

Chapter 1

Eq. (3) Eq. (4) Eq. (5) Eq. (6) Eq. (7)

29.76 18.39 14.31 29.99 27.14
(3.21) (0.56) (1.50) (2.67) (2.27)
-0.25 -0.39 -0.35
(0.06) (0.06) (0.05)

-0.41 -0.67 -0.54
(0.12) (0.11) (0.09)

0.03 0.13 0.13
(0.02) (0.02) (0.02)

-3.02
(0.98)
2.07
(0.93)
-3.01
(0.95)
-2.15
(0.93)
5.38
(0.95)
3.05
(0.92)

0.11 0.07 0.02 0.39 0.62

16.30 10.93 3.04 27.61 23.59

Note: The dependent variable is the investment rate. An OLS estimation procedure is adopted.
Standard errors are in parentheses. Variables are defined in appendix I. The coefficient of
determination is adjusted for the number of explanatory variables. There are 128 observa-
tions.

Table 1.3: Regression analysis, part 2.

If the investment rate is hypothesized to depend upon labour income shares,

unemployment levels, and secondary school enrollment rates, the former regression

results should be re-estimated. One of the Gauss-Markov conditions - regressors need to

be uncorrelated with the error term - is not satisfied, and the OLS estimator is biased and

inconsistent. The simultaneous equation model is
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gi~ - p~}p17NV.~tR2EMPL~ttR31n(CU1951-73,~r)}Rqln(CU1974-88,ir)}E~r (1.3)

INV~ - yaty~LAB~~ty2SEC~~ty3UNEMP~~trln (1.4)

A consistent estimation technique is the instrumental variables (IV) method. The IV

estimator is defined as

RIV - (Zi~-1Z~y

where y is the endogenous variable (g in our model), X is the matrix of explanatory

variables (i.e. INV, EMPL, and CU), and Z is the matrix of instruments (LAB, SEC, and

UNEMP). These instruments should be highly correlated with the investment rate, and

uncorrelated with the error term in the first equation, i.e.

E(N-'Z~X) ~ 0

E(N-'Z~e) - 0

where N is the number of observations. Results from the IV procedure are reported in

Table 1.4. The basic model, excluding country dummies, is estimated in regression (8).

Again, the constant term and the post-73 catch-up variable appear with insignificant

coefficients, and the other coefficients are significant and have the expected sign.

Regression coefficients differ in magnitude from those in the benchmark regression. As

(9) shows, adding country dummies to the set of instruments yields results more in line

with the benchmark regression. Since Sargan's chi-square statistic on the validity of the

instruments strongly rises compared to eq. (8), we prefer regression (9). Although the

statistical results are similar to the previous eq. (1), the economic interpretation is much

richer. Equation (9) shows that economic growth is explained by private investment rates,

employment growth rates, and a catch-up variable, whereby investments are influenced by

unemployment levels, secondary school enrollment rates, labour income shares, and

country-specific factors. Moreover, the constant term in regression (9) is much closer to

zero, whereas the t-statistic of the null hypothesis that the intercept term equals zero

decreases from 0.87 in (1) to 0.32 in (9). The IV model thus reduces the room for an

unexplained residual.
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Regression (9) can be used to interpret the post-73 growth slowdown. The

unability to exploit the catch-up potential after 1973 shows up in an insignificant cceffi-

cient of the catch-up variable over the 1974-88 period. This finding is probably more

satisfying than the conclusion of a recent OECD study that "the dummy variable for the

pre-73 period is the most important variable in explaining the productivity growth

slowdown" (pp.32, 1993). However, the model dces not explain why countries suddenly

lost their ability to take advantages of a backward situation. A guestimate in this direction

is that the oil price shocks and the subsequent regime switches from demand-oriented

policies towards fighting inflation increased the unemployment level. Since lower degrees

of resource utilisation tend to increase the resistence to change (cf. OECD, 1993), the

unemployment increase could have hampered productivity-enhancing reforms.

Eq. (8) Eq. (9)

Intercept -1.05 0.18
(0.74) (0.56)

Investment 0.23 0.12
(0.06) (0.04)

Employment growth 0.53 0.76
(0.21) (0.18)

Catch-up, 1951-73 -2.41 -3.11
(0.53) (0.44)

Catch-up, 1974-88 1.59 0.37
(1.07) (0.91)

RZ 0.55 0.61
F-statistic 40.38 50.02

Sargan's chi-square 3.56 24.52

Note: The dependent variable is the rate of economic growth. An N estimation procedure is
adopted. Standard errors are in parentheses. Variables are defined in appendix I. Sargan's
misspecification statistic indicates that in both equations, the null hypothesis tha[ the
regression is correctly specified and that the instrumental variables are valid instnunents,
is not rejected at conventional significance levels. There are 128 observations.

Table 1.4: Regression analysis, part 3.

A decomposition table of the economic growth rate for the 1974-88 period is listed

in Appendix II. Large residuals are found for Switzerland 1974-78, and the United
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Kingdom 1985-88. The positive residual for the United Kingdom may be due to decreases

in the rate of X-inefficiencies in British production, as stipulated earlier. Another remark

that can be made is that only Denmark and The Netherlands had negative residuals in the

last sub-period. Only these countries performed below expectations. Thirdly, labour input

growth contributes relatively strong to economic growth in Canada, the U. S. , The

Netherlands, and Australia. Decomposing the investment rate is done in Appendix III.

Country-specific factors that are not captured by the investment model are added for six

countries. Outliers (say, ~ n ~ ~ 2) in the residual term are found for Canada 1985-88,

Japan 1974-88, Norway 1974-88, Switzerland 1974-88, and Australia 1974-78. This table

highlights the quantitative effects of government policies on investment ratios. Consider,

for example, the case of The Netherlands. Consensus among social partners on the

importance of wage restraints decreased the labour income share from 58q in 1974-78 to

53qo in 1985-88, thereby stimulating investments by approximately 2q-point. However,

the rise in the unemployment level from 5.8 qo in 1974-78 to 9.8 q in 1985-88 accounted

for a reduction in the investment ratio by 2qo-point. The positive effect of a lower labour

income share on investments is thus undone by the negative effect of rising unemployment

levels.

1.3 Business cycles

Our focus in the previous section was on the factors behind long-term economic growth.

Business cycle fluctuations were completely ignored by filtering out the high frequency

component of the variables of interest ( more precisely, we calculated peak-to-peak

average values). In this section we want to look at cyclical variability in more detail by

reviewing some salient facts of business cycle fluctuations in the industrialized world.

In business cycle studies, the researcher has to adopt some kind of inethodology to

distinguish between high frequency and low frequency components of the variables under

consideration. One popular way to do so is by using the Hodrick-Prescott (HP hereafter)

filtering technique. Suppose that we want to analyze an observed time series, y~. The

cyclical component of this series is denoted by y,`, and the growth component by y,8. The

smoothing parameter i` reflects the relative variance of the growth component to the

cyclical component. For a fixed value of 1`, the HP-filter selects a path for the growth
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component that minimizes the loss function

T T

~ (yc~)Zt~~, ~(yrgl-Yrg)-(yrg-Yrgt)~Z
r-1 t-1

(1.5)

Smoothing parameter ~ trades off "goodness of fit" against smoothness of the trend. The

growth component coincides with the actual series for ~-0. As ~ becomes infirtitely

large, the growth component approaches a linear trend. Common choices for i` are 1600

for quarterly data, and 400 for annual figures. In Figure 1.1 we illustrate the HP-filtering

technique in action for U.S. real GDP figures in the 1950-1992 period.

50 55 60 65 70
Year

75 80 85 90

Note: Data are taken from Summers and Heston, PWT 5.6. Per capita income figures are
logged; the raw data is passed through the HP-filter, with ~-400 (annual data).

Figure 1.1: Log of real GDP per capita and its growth component in the U.S.
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In Table 1.5 we summarize some important business cycle facts for the U.S.

economy, reported in Cooley and Prescott (1995).

Cross-correlation of output with

Variable SD(qo) x(-3) x(-2) x(-1) x x(1) x(2) x(3)

Output 1.72 0.38 0.63 0.85 1.0 0.85 0.63 0.38
Consumption 1.27 0.57 0.72 0.82 0.83 0.67 0.46 0.22
Investment 8.24 0.38 0.59 0.79 0.91 0.76 0.50 0.22
Government 2.04 -0.03 -0.01 -0.01 0.04 0.08 0.11 0.16
purchases
Exports 5.53 -0.29 -0.10 0.15 0.37 0.50 0.54 0.54

Imports 4.88 0.31 0.45 0.62 0.72 0.71 0.52 0.28

Labour 1.59 0.30 0.53 0.74 0.86 0.82 0.69 0.52
input

Av. hours 0.63 0.34 0.48 0.63 0.62 0.52 0.37 0.23
worked

Wages 0.76 0.47 0.58 0.66 0.68 0.59 0.46 0.29

Note: Statistics are from Cooley and Prescott (1995). Data are quarterly and cover the 1954:I-
1991:II period. Series are HP-fil[ered.

Table 1.5: Summary statistics on U.S. business cycle fluctuations.

The table reports standard deviations (SD) to indicate cyclical variability, non-

lagged correlation ccefficients to indicate whether a variable moves procyclically or

countercyclically with output, and cross-correlations over time to indicate any lead or lag

structure. Several interesting features of U.S. business cycle fluctuations are worth

noting. The time pattern of consumption is smoother than that of aggregate production;

investments are typically more volatile than production; government purchases are more

erratic than consumption and output and approximately uncorrelated with output; export

and import variability is in the same order of magnitude; imports are stronger procyclical

than exports; export movements lead output movements; employment and production

fluctuations are in the same order of magnitude; employment fluctuates more than average

hours worked, suggesting that employment variations are largely associated with move-

ments into and out of the work force; wage movements are relatively smooth.
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Do these characteristics of the U.S. business cycle experience carry over to other

(OECD) countries? In Table 1.6 we summarize findings from Danthine -and Donaldson

(1993) on the international business cycle experience. The general impression emerging

from this table is that most facts obtained for the U.S. are confirmed, so that one may

speak of international regularities. However, some cross-country differences are worth

noting. Consumption is more variable than output in Austria and France; consumption and

output variability are of the same magnitude for Italy. Government spending fluctuates

less than output in Canada, Germany, Switzerland and the U.S. But in other countries

government spending is more variable than output. The correlation of government

spending with output strongly differs internationally, both in magnitude and in sign.

Related research by Backus, Kehce, and Kydland (1995) for almost the same country

sample largely confirms these observations.

St.dev. of detrended variables Cross-correlation
with output

Country Output Cons. Inv. Gov. Cons. Inv. Gov.

Australia 1.75 1.36 2.47 2.11 0.66 0.68 0.38

Austria 1.42 1.65 3.48 2.13 0.57 0.33 0.04

Canada 1.41 0.94 3.02 1.37 0.67 0.60 -0.22

France 0.89 1.58 2.28 2.78 0.46 0.53 -0.10

Germany 1.67 0.72 3.28 1.26 0.64 0.83 -0.01

Italy 1.88 1.82 2.90 1.95 0.41 0.80 0.36

Japan 1.66 0.73 2.80 3.76 0.49 0.81 -0.19

Switzerland 2.29 0.74 2.81 0.80 0.78 0.78 0.36

U.K. 1.53 1.14 2.51 1.71 0.69 0.70 0.00

U.S. 1.73 0.71 3.01 1.18 0.85 0.90 0.09

EC 12 1.12 0.87 2.23 0.47 0.84 0.89 0.11

Note: Statistics are from Danthine and Donaldson (Table 2 and 3, 1993). Cons. -aggregate
consumption; Inv.-aggregate investment; Gov.-aggregate government spending. Data are
quarterly, and HP-filtered.

Table 1.6: Summary statistics on international business cycle fluctuations.
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1.4 Are business cycles and economic growth related?

After describing some empirical facts on economic growth in section 1.2 and reviewing

some important business cycle characteristics in the third section, we now turn to the key

question in this dissertation, namely whether long-term economic growth and cyclical

variability are interdependent. Particularly, does an increase in the intensity of business

cycle fluctuations generally go along with higher or lower economic growth? Empirical

studies dealing with this issue are not abundant; we will discuss four examples. Using

data from the International Financia[ Statistics of the International Monetary Fund,

Kormendi and Meguire (1985) use a cross-section of forty-seven countries over the 1950-

77 period. Testing simultaneously a set of hypotheses, they find a significant positive

effect of cyclical variability (measured as the standard deviation of real output growth) on

the mean annual growth rate. In Figure 1.2 we plot Kormendi and Meguire's data on

economic growth against the business cycle intensity. Overall, a higher standard deviation

of real output growth seems to go along with higher average growth rates. The simple

correlation ccefficient is equal to 0.24. However, it might be misleading to include a

heterogeneous group of countries into the sample: factors behind growth and business

cycles in the U.K. might be completely different than in Sri Lanka. Let us therefore

analyze the interdependence between economic growth and the cycle for the more

homogeneous "Maddison 16" OECD countries, in Figure 1.2 denoted by a t. The simple

correlation ccefficient for these countries equals 0.41, whereas the correlation ccefficient

for the other countries now drops to 0.13.

A problem in the study by Kormendi and Meguire is that they loose a lot of

information by only considering cross-country data. Recognizing this, Grier and Tullock

(1989) construct pooled cross-sectionltime-series data on 113 countries, using data from

Summers and Heston (1984). To remove the cyclical component, they calculate five-year

averages. This allows them to use 500 observations for analysis. In line with Kormendi

and Meguire, they find a positive and significant effect of the standard deviation of real

GDP growth on mean economic growth. To check for heterogeneiry between (groups ofj

countries, econometric results for 24 OECD countries and for 89 other countries are

presented. A statistical test strongly rejects pooling both groups in a single sample,

confirming the importance of heterogeneity. However, the conjectured interaction between
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Switzerland, U.K., and U.S.).

Figure 1.2: Kormendi and Meguire's data on economic growth and cyclical variability.

economic growth and the cycle still holds for both groups of countries.

Martin and Rogers (1995) construct a simple learning-by-doing model with

concave labour supply behaviour: the increase in labour supply during good times is

smaller than the decrease in labour supply during bad times. Overall, (symmetric)

business cycle fluctuations will go along with diminished learning-by-doing effects, and

lower economic growth. To investigate the hypothesis that business cycles deteriorate

long-term economic growth if the growth rate of human capital is increasing and concave

in the cyclical component of output, they analyze the impact of a larger amplitude of the

business cycle on economic growth for 90 European regions in the 1983-92 period (data

from Eurostat), for 24 OECD countries, and for 72 non-industrialized and non-oil

producing countries (data for these 96 countries are from Barro and Lee (1993) and the
World Bank). For the second and third sample, the relation is tested both for the entire
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Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey,
U.K., U.S., and Yugoslavia.

Figure 1.3: Martin and Rogers' data on economic growth and cyclical variability.

1960-88 period as well as for three sub-periods, viz. 1960-69, 1970-79, 1980-88. The

amplitude of business cycle fluctuations is measured by the standard deviation of growth

rates, or by the standard deviation of the unemployment rate. Within the tradition of the

empirical growth literature (cf. Barro 1991, Levine and Renelt 1992, Barro and Sala-i-

Martin 1995), a number of other variables are included in the regression model to control

for differences in initial economic conditions, investment rates, human capital, and so on.

The econometric analysis suggests that a significant negative relation between the

amplitude of business cycles and economic growth is found for the European regions and

for the 24 industrialized countries, but not for the other 72 countries (this finding holds

for both measurements of cyclical variability). Martin and Rogers ascribe this difference

to the fact that economic activity in developing countries is dominated by the agricultural
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sector, where there are limited opportunties for learning-by-doing. We have plotted

Martin and Rogers' data on economic growth and cyclical variability for 24 OECD

countries in Figure 1.3. In contrast to their econometric findings after including other

variables, the figure shows a clear positive effect of cyclical variability on long-term

economic growth; the simple regression ccefficient is 0.58 with a standard error of 0.26.

A fourth example of this literature is Ramey and Ramey (1995), studying the

relation between volatility and annual economic growth for a cross-section of 92 countries

(from 1960 through 1985), as well as for a subset of 24 OECD countries (1950-1988).

They find that cyclical variability - the variance of innovations to a forecasting equation

for annual growth rates - have a significant negative effect on annual growth rates. This

result is strengthened by controlling for other important characteristics. However, the

inclusion of an investment control variable does not alter the results, implying that

investment-based theories of the interaction between economic growth and business cycles

are not verified by the data. However, using the standard deviation of output growth as a

proxy for cyclical variability they obtain for the OECD sample results consistent with

Kormendi and Meguire (1985) and Grier and Tullock (1989): "volatility of the innovati-

ons seems to have a negative effect, while volatility in the predicted variable has a

positive net effect" (Ramey and Ramey, pp.1145, 1995).

Finally we turn to an evaluation of the relationship between cyclical variability and

long-term economic growth by looking at Maddison's (1991) data for 16 OECD countries

over the 1950-89 period. According to Maddison, ihe post-war economic experience can

be split into two sub-periods, namely 1950-73 and 1973-89. Economic growth is

calculated from the mean annual growth rate of GDP within each sub-period (Table 3.2 in

Maddison 1991). Following Maddison (Table 4.1, 1991), the intensity of business cycle

fluctuations is calculated from the maximum amplitude of recessions in aggregate output.

Figure 1.4 shows the relationship between economic growth and the cycle. The data show

a clear inverse relationship between long-term growth and short-term instability: an

economy facing mild recessions will generally experience more rapid economic growth.

Our interpretation of this negative relationship is the following. The maximum amplitude

of recessions as a proxy for cyclical variability may be more similar to the variance of

innovations to a forecasting equation for growth used by Ramey and Ramey (1995).

Therefore, the amplitude of cyclical variability may be more intimately linked to the
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Figure 1.4: Maddison's data on economic growth and cyclical variability.

concept of uncertainty. Thus, to wind up this section, our interpretation of the available

empirical evidence is that uncertainry is bad for long-term growth whereas risk tends to

increase economic growth.

1.5 Some stories about economic growth and the cycle

In the previous section we have discussed some evidence about the presence of a

relationship between long-term economic growth and business cycle intensity. The

empirical literature has not come up with a conclusive answer about the sign of this

relationship: uncertainty seems to be bad for growth but risk tends to raise economic

growth. Also the theoretical links that have been proposed in the literature can go either
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way. Here we shall briefly recapitulate some well-known arguments.

Cyclical variability may go along with an increase in economic growth because of

1. The opportunity cost effect

Firms may find it profitable to allocate more employees to research and reorganization

activities when the economy is passing through a recession, since the opportunity costs -

in terms of forgone production - of these productivity-improving activities are relatively

low (cf. Aghion and Saint-Paul 1991, and Hall 1991). To generate interaction between

economic growth and business cycles, Aghion and Saint-Paul assume that the cost of

RócD is convex. Optimal firm policies with respect to business cycle fluctuations are

asymmetric in that case: the reallocation of employees to the research sector during

recessions is larger than the reverse reallocation during economic expansions. Thus,

average growth in the economy will be higher in the presence of business cycle volatility.

2. Precautionary savings

Business cycle variability can lead to higher economic growth to the extent that agents

behave "prudently" and accumulate assets as a buffer stock to protect consumption against

bad states of the economy. Precautionary investment in physical capital has been studied

in Deaton (1991) and Skinner (1988). Precautionary accumulation of human capital has

been investigated in Dellas (1991): the interdependence between economic growth and the

cycle is studied by considering the effect of stabilization policy on the allocation of

production factors. Since low-skill employment is disproportionally affected by cyclical

variability, agents may want to accumulate human capital more rapidly so as to increase

job security. Hence, stabilization policies can retard economic growth by discouraging

such behaviour.

3. Creative destruction

Aghion and Howitt (1992) construct an endogenous growth model in which vertical

innovations lead to the replacement of incumbent firms through a Schumpeterian process

of creative destruction (cf. Schumpeter 1942). They find that economic growth and the

variability of the growth rate increase with the size of the vertical innovations. This paper

together with the work by Segerstrom, Anant, and Dinopoulos (1990) initiated a huge
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body of literature on economic growth and cyclical variability originating from creative

destruction (for example Jovanovic and Rob (1990), Stein (1997), Li (1996), and

Caballero and Hammour (1996)).

4. Cleansing of the production structure

A fourth potential explanation as to why business cycles are good for long-term economic

growth is that recession may cleanse the production structure by shaking out the least

productive firms. Caballero and Hammour (1994) refer to this as the "cleansing effect". It

is more likely that older capital vintages are scrapped during economic downturns. This

cleansing makes the entrance of more efficient producers more likely, since productive

resources are relieved and firms can appropriate larger market shares.

... but cyclical variability may slowdown economic growth because of

1. Skill loss while unemployed

Cyclical variability may lead to a deterioration in the rate of economic growth when

unemployment is associated with skill loss. A first example of this idea is van Ewijk

(1994) in which a distinction is made between "wild" and "mild" fluctuations. Due to

entry costs, full employment is maintained when fluctuations are mild. In contrast, severe

economic downturns may induce firms to leave the market so that unemployment will

arise. The unemployed may become less productive over time because of diminished

learning-by-doing as well as "rusting" effects. This will affect long-term economic growth

adversely. Secondly, Martin and Rogers (1995) construct a simple learning-by-doing

model with concave labour supply behaviour: the increase in labour supply during good

times is smaller than the decrease in labour supply during bad times. Overall, (symmetric)

business cycle fluctuations will go along with diminished learning-by-doing effects, and

lower economic growth.

2. Political instability

Economic growth and business cycles might be linked in a negative fashion to the extent

that both phenomena are affected by the degree of political instability. Countries or

episodes with increased political instability may go along with increased economic

instability and lower economic growth. Some empirical work in this direction has been
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carried out by Ramey and Ramey (1995) and Alesina et al. (1992), suggesting that

political instability may lead to lower growth and increased volatility in government

spending.

3. Industrial disputes

Low-skilled workers are normally disproportionally affected by business cycle fluctuati-

ons, in the sense that these people are the first to be laid off in a recession. Therefore, to

the extent that low-skilled labour is well-organized, one can hypothesize that industrial

disputes will take place more regularly in economies with relatively erratic business cycle

fluctuations. In turn, these industrial disputes may have negative effects on long-term

economic growth. For instance, one can imagine that the expected returns to investment

are lower when industrial disputes take place more frequently. On the demand side one

could think of customers being less eager to place orders at companies that face more

uncertainty with regard to delivering date because of such industrial conflicts.

4. Credit market imperfections

A final example why cycles may be bad for long-term growth is when finns have to cut

in their research program during economic downturns because of imperfections in the

credit market. This idea has been pursued by Stiglitz (1993). Contrary to physical capital,

banks normally do not accept human capital as a collateral. Therefore, firms may not be

able to raise commercial credits to finance their investments in innovative activity, and

only firms with a deep pocket may be able to finance research expenditures when times

get worse.

1.6 Conclusions and sketch of the thesis

This chapter presented some empirical evidence on an investment driven growth process

for 16 OECD countries in the post-war era, and discussed some salient business cycle

features. We also surveyed some econometric evidence on the interdependence between

long-term economic growth and business cycle variability. This is the main issue in this

thesis. Well-known explanations for the observed interdependency between economic

growth and the business cycle were recapitulated.
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The remainder of this dissertation analyzes the topic of economic growth and

business cycles from different perspectives. Chapter 2 on "Altruism and the Macrcecono-

mic Effects of Demographic Changes" approaches the central theme from a neoclassical

viewpoint with no economic growth by setting the exogenously determined trend growth

rate at zero. This chapter evaluates the macroeconomic effects of demographic changes

under various assumptions about the degree of altruism and the specification of the

intertemporal utility function. Chapter 3 on "Business Cycles in a Two-Sector Model of

Endogenous Growth" analyzes the interaction between economic growth and business

cycles by constructing a stochastic model of endogenous growth in which increased

business cycle variability encourages additional investments in human capital (for

precautionary reasons), and thereby tends to increase the long-run rate of economic

growth. In Chapter 4 on "Growth and the Cycle: Creative Destruction versus Entrench-

ment" we take a neo-Schumpeterian viewpoint, and study the effect of learning-by-doing

and recessions on the pace of innovations and the rate of economic growth. An incumbent

firm can strengthen its position by building up a base of loyal customers (say, through

learning-by-doing). While recessions may not destroy technological leadership, they may

be bad for such firm-customer relationships. In this chapter we formalize these ideas

within the context of an Aghion-Howitt growth model with creative destruction. Chapter 5

- entitled "Fiscal Policy in a Stochastic Model of Endogenous Growth" - examines the

impact of income taxation on long-tenn economic growth and cyclical variability in the

context of an endogenous growth model with learning-by-doing as well as public

schooling. We evaluate the potential role of tax randomness as an additional source of

business cycle variability, the interrelationship between growth and cycles when tax

programs are modified, and the relation between government size and macroeconomic

stability.
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Appendix I: List of variables and their description.

Symbol Name Definition and Source

8

INV

EMPL

CU

LAB

SEC

UNEMP

economic growth

investment

employment growth

catch-up

labour income share

sec. school enrollment

unemployment

growth rate of real Gross Domestic Product (1985
international prices; Chain index)
Source: Summers and Heston (1991)

gross non-residential fixed investment as a percenta-
ge of GDP
Source: Maddison (1992) and van de Klundert and
van Schaik (1996)

growth rate of the number of workers, calculated
from variable 1, 2, and 19 in Summers and Heston
(1991, pp.362)

real GDP per worker (1985 international prices)
relative to the U.S.
Source: Summers and Hes[on (1991)

compensation of employees paid by resident produ-
cers as a percentage of GDP (current prices)
Source: OECD's National Accounts (1983, 1992)

ratio of total students enrolled in secondary educati-
on to estimated number of individuals in the age
bracket 12-17 years
Source: Barro (1991)

unemployment as a percentage of the total labour
force
Source: Maddison (1991)

Countries:
Canada, United States of America, ]apan, Austria, Belgium, Denmark, Finland, France,
Germany, Italy, The Netherlands, Norway, Sweden, Switzerland, United Kingdom, Australia.

Period:
The period under consideration is 1951-1988. According to Maddison (Table 4.7, 1991), yearly
growth rates of GDP averaged over the 16 countries reached peak values in 1955, 1959, 1964,
1968, 1973, 1978, and 1984. These peak years in economic activity are taken as cut-offs between
sub-periods. We thus have divided the total period into 8 sub-periods, 1951-55, 1956-59, 1960-
64, 1965-68, 1969-73, 1974-78, 1979-84, and 1985-88. The number of observations is 128.
Variables enter the dataset as averages over the sub-periods, except for catch-up and secondary
school enrollment. Catch-up is measured in the first year of each sub-period. Secondary school
enrollment rates are only reported for 1960, 1970, and 1985.

The complete dataset is available in Canton (1994).
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Appendix II: Decomposition of economic growth, 1974-88.

g !NV EMPL ]n(Ci~ e

Canada 4.42 1.93 2.37 -0.07 0.01
2.86 1.90 I.51 -0.05 -0.68
3.39 1.65 0.83 -0.05 0.79

U.S. 2.59 1.53 1.77 0 -0.89
2.33 1.58 1.21 0 -0.64
3.68 1.45 0.73 0 1.32

Japan 3.43 2.78 0.53 -0.25 0.19
3.86 2.75 0.64 -0.20 0.49
4.00 2.72 0.63 -0.17 0.64

Austria 2.60 2.45 0.59 -0.18 -0.45
2.17 2.16 0.61 -0.16 -0.62
2.57 2.11 0.37 -0.16 0.07

Belgium 2.16 1.74 0.68 -0.09 -0.36
1.13 1.58 0.59 -0.09 -1.14
2.24 1.46 0.30 -0.11 0.41

Denmark 1.25 1.77 0.97 -0.19 -1.48
2.42 1.47 0.62 -0.19 0.33
1.75 1.71 0.38 -0.16 -0.36

Finland 1.21 2.35 0.60 -0.20 -1.72
4.48 2.06 0.65 -0.20 1.78
3.43 2.08 0.46 -0.16 0.87

France 2.62 1.81 0.67 -0.11 0.07
1.42 1.68 0.68 -0.09 -1.03
2.34 1.66 0.52 -0.11 0.10

Germany 1.92 1.68 0.39 -0.14 -0.20
1.55 1.70 0.50 -0.12 -0.72
2.27 1.64 0.10 -0.13 0.47

Italy 3.61 1.96 0.35 -0.15 1.26
2.92 1.84 0.49 -0.10 0.52
3.20 1.68 0.42 -0.09 1.02

Netherlands 3.15 1.77 1.11 -0.06 0.15
1.29 1.59 1.09 -0.06 -1.51
2.15 1.74 0.82 -0.09 -0.50

Norway 5.23 3.29 1.53 -0.15 0.38
3.37 2.48 0.90 -0.11 -0.09
3.94 2.54 0.63 -0.08 0.67

Sweden 1.43 1.86 0.84 -0.14 -1.30
2.36 1.64 0.46 -0.15 0.23
2.32 1.69 0.28 -0.13 0.29

Switzerland -0.92 0.88 0.20 -0.02 -2.16
1.74 0.84 0.43 -0.05 0.35
3.23 0.99 0.27 -0.06 1.84

U.K. 1.36 1.71 0.36 -0.18 -0.71
1.29 1.54 0.37 -0.16 -0.63
4.08 1.60 0.23 -0.16 2.23

Australia 2.49 2.09 1.77 -0.08 -1.46
2.80 2.18 1.48 -0.09 -0.95
3.68 2.28 1.23 -0.09 0.09

Note: e is calculated as the actual growth rate minus the contributions of investment, labour
input growth, and catch-up, minus the constant tetm from regression 9.
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Appendix III: Decomposition of investments, 197488.

INV LAB UNEMP SEC n

Canada 16.80 -19.88 -3.82 13.49 -0.13
16.55 -19.55 -5.02 13.49 0.49
14.35 -19.22 -4.88 13.49 -2.18

U.S. 13.30 -21.27 -3.68 12.97 1.15
13.73 -21.39 -4.17 12.97 2.20
12.58 -21.28 -3.42 12.97 0.18

Japan 24.20 -19.16 -1.02 12.58 4.66
23.88 -19.34 -1.25 12.58 4.76
23.68 -19.08 -1.43 12.58 4.47

Austria 21.30 -18.93 -0.92 10.35 1.59
18.80 -19.15 -1.60 10.35 -0.01
18.37 -18.73 -1.89 10.35 -0.57

Belgium 15.16 -20.45 -3.18 12.58 -0.91
13.77 -20.70 -5.77 12.58 0.53
12.73 -19.41 -5.79 12.58 -1.79

Denmark 15.38 -19.73 -3.25 13.49 0.75
12.83 -19.62 -4.83 13.49 -0.34
14.88 -19.17 -3.60 13.49 0.03

Finland 20.44 -19.65 -2.22 13.36 1.82
17.94 -19.10 -2.79 13.36 -0.67
18.12 -19.24 -2.65 13.36 -0.48

France 15.74 -19.15 -2.28 12.58 -0.38
14.65 -19.73 -4.08 12.58 0.91
14.40 -18.77 -5.51 12.58 1.11

Germany 14.60 -20.17 -1.72 9.69 -0.35
14.80 -20.29 -2.84 9.69 1.10
14.28 -19.68 -3.48 9.69 0.60

Italy 17.07 -17.39 -3.41 9.83 0.91
15.96 -16.75 -4.42 9.83 0.17
14.57 -15.83 -5.63 9.83 -0.94

Netherlands 15.36 -20.55 -3.09 13.36 -1.50
13.83 -19.86 -5.03 13.36 -1.78
15.10 -18.61 -5.27 13.36 -1.52

Norway 28.58 -20.38 -0.95 12.71 4.70
21.58 -17.78 -1.31 12.71 -4.55
22.13 -18.56 -1.33 12.71 -3.21

Sweden 16.16 -22.29 -0.99 10.87 1.42
14.30 -21.85 -1.47 10.87 -0.39
14.73 -20.64 -1.21 10.87 -1.43

Switzerland 7.63 -21.19 -0.19 8.25 -6.38
7.26 -21.85 -0.28 8.25 -6.00
8.64 -21.88 -0.40 8.25 -4.47

U.K. 14.84 -21.73 -2.65 11.66 0.43
13.37 -20.33 -5.06 11.66 -0.05
13.90 -19.39 -5.52 11.66 0.02

Australia 18.16 -19.49 -2.56 12.45 -2.42
18.92 -18.59 -3.91 12.45 -1.21
19.80 -17.56 -4.21 12.45 -1.06

Note: n is calculated as the actual investment rate minus the contributions of the labour income
share, the unemployment rate, secondary school enrollment, the country-dummy, minus
the constant term from regression 7.
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Chapter 2

ALTRUISM AND THE MACROECONOMIC

EFFECTS OF DEMOGRAPHIC CHANGES'

In this chapter we show that the macroeconomic effects of demographic changes
strongly depend on the degree of altruism and on the specification of the
intertemporal utility function. We allow for agents either to be altruistic in the
sense of Barro (1974) or non-altruistic. In the latter case, generations are
heterogeneous like in the "unloved children" model of Weil (1989). In the
fotmer case, where the model is a standard Ramsey model with identical agents,
we distinguish a Millian and a Benthamite intertemporal utility function. For
each of these models, we study the effects of an anticipated and unanticipated
permanent decline in population growth as well as the consequences of a baby-
boom~baby-bust scenario.

2.1 Introduction

The baby-boom in the sixties and the current ageing process in most Western countries

have brought about a lively debate among economists about the effects of these demograp-

hic changes. A seminal paper in this respect is Cutler et a[. (1990), describing the

economic consequences of the expected ageing of the American population using a

neoclassical growth model with varying relative sizes of self-supporting and dependent

populations. Another example of this literature is Yoo (1994), who compares the effects

of a baby-boomlbaby-bust in the dependency-ratio model of Cutler et al. , in a standard

neoclassical growth model, and in a Diamond overlapping-generations model. His

conclusion is that the different models lead to results that are qualitatively the same.

i This chapter is joint work with L,ex Meijdam, and is forthcoming in Journal of Population
Economics, Vo1.10, No.3, 1997. We would like to thank Alessandro Cigno, Gianluca
Femminis, Henri de Groot, Eline van der Heijden, Martijn van de Ven, an anonymous
referee, and conference participants at the Tenth Annual Meeting of the European Society
for Population Economics for helpful suggestions. Erik Canton ackowledges the Rens-
Holle Association for providing a travel grant.
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There are, however, two important points that should be taken into account when

analyzing the macrceconomic effects of demographic changes. Firstly, models with

intergenerational altruism generate different responses to demographic shocks than models

with selfish agents. Secondly, if there is intergenerational altruism in the sense of Barro

(1974), one needs to distinguish between a Millian and a Benthamite intertemporal utility

function. In the literature, different assumptions are used without discussing their

implicatíons. The results of Cutler et al. , for example, crucially depend on the assumption

of a Benthamite intertemporal utility function. There is, however, no compelling

economical argument to prefer this function above a so-called Millian utility function.Z

And the conclusions of Yoo hinge on the fact that he uses a Millian utility function in

case of the neoclassical growth model and the overlapping-generations model whereas he

uses a Benthamite utility function in case of the dependency-ratio model.

It is remarkable to notice that the literature on the economic effects of demograp-

hic transitions largely ignored the consequences of distinguishing a Millian from a

Benthamite utility function, whereas the literature on endogenous fertility and optimal

population size extensively discusses the implications of using either criterion function.

For instance, Nerlove (1988) shows that maximizing a Benthamite intergenerational social

welfare function always leads to a larger population than maximizing a Millian welfare

function. However, in the context of a simple model of endogenous growth, Palivos and

Yip (1993) show that the Benthamite criterion leads to a smaller population size and

higher output growth. Other examples include Becker and Barro (1988), Cigno (1993),

and Nerlove, Razin, and Sadka (1982, 1985).

The hypotheses of altruism and non-altruism are empirically investigated by Cigno

and Rosati (1992, 1996). Cigno and Rosati (1992) study saving and fertility behaviour in

Italy and their empirical findings support the hypothesis that individual behaviour is

motivated by self-interest rather than intergenerational altruism. Similar iindings are

obtained in a more recent study for Germany, Italy, U.K. and U.S. (Cigno and Rosati

1996).

In this chapter we show that the macroeconomic effects of demographic changes

strongly depend on how altruism is modelled. We employ a general specification of

Z For an ethical discussion on this topic, we refer to Sidgwick (1874) and Sumner (1978).
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intertemporal utility, allowing us to study the Millian and the Benthamite utility functions

as special cases. Moreover, we allow for agents either to be altruistic in the sense of

Barro (1974) or non-altruistic. In the former case, the model is a standard Ramsey model

where all agents are identical. The latter case leads to a model with heterogeneous

generations like the "unloved children" model of Weil (1989). For each of these models,

we study the effects of demographic shocks in the long-run as well as in the short-run.

The long-run results are based on a comparative statics analysis. Analytical solutions for

the short-run effects are derived by the method of comparative dynamics (Judd (1982)).

Two demographic scenario's are studied: an anticipated and unanticipated permanent

decrease in population growth (to mimic the ageing process) as well as a temporary

increase in population growth (to mimic a baby-boomlbaby-bust).

The chapter proceeds along the following lines. In section 2.2 we introduce the

model. The model's steady-state is derived in section 2.3. Some comparative statics

results are discussed in the same section. Adjustment trajectories in an ageing scenario

and a baby-bootn~baby-bust scenario are studied in section 2.4. Finally, section 2.5

briefly concludes.

2.2 The model

The production process is described by the production function y-f(k), where f satisfies

the usual conditions and y and k denote per capita aggregate output and capital respective-

ly. Denoting the interest rate on capital by r and wage income per worker by w, competi-

tive markets require that r-f (k)-S and w-y f(k)k where S is capital depreciation. On the

household side, labour is homogeneous and labour supply is inelastic and equal to

population size L, growing at an exogenous rate n. The model allows for three different

settings. In the first and the second setting, there is altruism in the sense of Barro (1974).

In that case, there is a fixed number of dynasties. Each new born child is linked through

intergenerational transfers to a pre-existing dynasty. The dynasties thus grow at the same

rate as the population. In this interpretation, the model is a Ramsey-model with homoge-

neous agents. The difference between the first and the second setting is the form of the

utility function. In the Ramsey-Benthamite variant of the model, the utility of a represen-

tative member of the dynasty is weighted by the size of the dynasty. In the Ramsey-
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Millian variant, this is not the case. In the third variant of the model there is no altruism

and generations are heterogeneous (cf. Weil, 1989). Children who are born do not belong

to any pre-existing dynasty. Each "unloved" child initiates a dynasty by itselve. The rate

at which new dynasties are created is thereby equal to the rate of population growth.3 To

be able to present these three variants in one model, we assume that instantaneous utility

of a member of a dynasty is a CRRA function of his consumption level c(we use a hat "

to distinguish quantities per member of a dynasty from per capita aggregate variables

which are different if agents are heterogeneous). The Ramsey model with altruistic agents

can easily be studied for more general utility functions', but the Weil model with

heterogeneous agents becomes analytically untractable in that case. Intertemporal utility of

a dynasty U is defined as the discounted flow of instantaneous utils, weighted by L` and

discounted at the rate of time preference p:

U(O) -
~~(t)i-eL(t)Ee-P`dt, (2.1)
0 1-e

where B is the relative rate of risk aversion. In other words, utils are discounted at an

effective rate p-en, 05 e 51. If e-1, utiliry is weighted by the size of the dynasty and we

have a Benthamite intertemporal utility function. If e-0 we have a Millian intertemporal

utility function. Note that, although eq. 2.1 is usually considered as a social welfare

function, we interpret this expression as an intertemporal utility function. In other words,

our analysis is positive rather than normative. However, as markets are efficient, there is

no reason for government intervention in the Ramsey version of the model with homoge-

neous agents. In case of heterogeneous agents, government intervention might be

desirable for equity reasons. Here we abstract from this possibility. However, Calvo and

Obstfeld (1988) introduced a government that maximizes a social welfare function (being

the discounted sum of the lifetime utilities of all generations) in a similar type of model

without population growth. They show that this effectively leads to a Ramsey economy if

The fourth possibility, the combination of non-altruistic agents and Benthamite utility, i.e.
weighting future utility by population size, is logically inconsístent.

All results presented below for the Ramsey model hold for a general utility function and a
general production function (see Appendix II).
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the government is able to use time and age dependent lump sum taxes.5 Unfortunately,

the correspondence of these two models breaks down if population growth is not

COI1Stant. 6

Denoting the connectedness of generations through interdynasty transfers by i`, we

can formulate the budget constraint as:

~ - (r-~,n)ktw-c.
dt

(2.2)

Notice that wage income per worker is identical for all generations, i.e. w-w. If ),-1

transfers are given to new generations so that their wealth equals that of existing

generations. In that case, the model is a Ramsey model with homogeneous agents. If )`-0

there is no altruism and we have the Weil (1989) model of unloved children where

generations are heterogeneous.

We can define r-~n as the effective interest rate, and per capita human wealth as

- fí~{s)-lnbs

h- fw(t)e o dt. (2.3)
0

Straightforward optimization and aggregation gives that per capita aggregate consumption

is a fraction ~ of per capita total wealth,

c - ~(kth), (2.4)

where the propensity to consume out of total wealth, ~, is given by (cf. Barro and Sala-i-

Martin 1995):

1 " f IV-ln)(t-B)IB-(P-En)~9]ds
(2.5)- fe o dt.

~ o
The dynamic properties of the system in per capita aggregate quantities can be summari-

zed by the following laws of motion

s

6

In the model used by Calvo and Obstfeld, the size of the population is constant. The
model can easily be extended so as to allow for constant population growth. In that case,
depending on whether the generations' lifetime utility is weighted by their size or not, we
get the results for a Ramsey-Benthamite or a Ramsey-Millian economy.

Meijdam and Verbon (1997) analyze the effects of population growth shocks in a discrete
time overlapping-generations model with a government maximizing the discounted sum of
lifetime utilities.
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c~c - 6-t[r-~ln-pten]-(1-~l)n1c~(kth)

Ir~k - r-ntw~k-c~k

h~h - r-~.n-w~h.

(2.6)

(2.7)

(2.8)

Eq. (2.7) is the economy's resource constraint. The n-term in this equation indicates

capital dilution. Eq. (2.8) follows from differentiating (2.3) w.r.t. time. Eq. (2.6) follows

from differentiating eqs. (2.4) and (2.5), and substituting eq. (2.7) and (2.8).

2.3 Steady-state and comparative statics

In the absence of technical progress, per capita quantities are constant in the steady-state:

clc-klk-hlh-0. To be able to express the steady-state of our general model in closed

form, we assume a Cobb-Douglas production function: ~k) -ka, where a is the producti-

on elasticity of capital.' In that case we can describe the steady-state solution by:

k' - a-óx'~ k. - x.~-e~ c. -(I~x4-ó-n)k', (2.9)
h~ 1-a

where K' denotes the steady-state capital output ratio.8 We now analyze the long-run

effects of demographic shocks in the three versions of the general model presented above

(Appendix II (III) presents comparative statics results for the Ramsey model (Weil

model)).

Firstly, if A-1 and e-1, i. e. transfers are given to new generations so that their

wealth equals that of existing generations and utility is weighted by population size, we

have a standard Ramsev model with a Benthamite utility function. Comparative statics

learns that in this case dc'~dn c 0 and dk'Idn-O. So ageing, i. e. a decrease in population

~ The analytical results derived below can easily be proved for a general form of the
production function (see Appendix II and III).

g In a Ramsey model (1`-1) we have x'- a - in a model with heterogeneous
p tn(1-e) }ó '

2 4 a
agents (~-0, e-0), we have x'- -a2- RZ- R` where Q,-S(n9fd-~p) and

2at
(32--(af 1)ó-p-nc~B, c}: Appendix I. In Appendix I we also show the uniqueness of this
solution.
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growth, increases per capita consumption in the long-run, but dces not affect the capital-
labour ratio. The latter result is due to the fact that the difference between the effective

rate of time preference and the effective rate of return on capital, which determines

savings, is not affected by ageing in this case. The long-run effect of ageing is indicated

graphically in Figure 2.1. Note that the clc-locus is vertical in this case. The intersection

wiih the klk-locus gives the steady-state for the Ramsey-Benthamite economy (point B). A

decrease in n now shifts the klk-locus upward but does not affect the clc-locus, leading to
a new steady-state B' .

Secondly, if ~-1 and e-0, we have the dynastic Ramsev model with a Millian

utility function, i.e. utility is not weighted by population size. Notice that the effective

rate of time preference in this case is larger than in a Benthamite economy. Consequently,

the capital intensiry is lower than in case of a Benthamite economy (see the solution for K
in footnote 8). As it can easily be shown that the steady-state of the Benthamite economy

is dynamically efficient, this implies that consumption will be lower too in a Millian

economy. Comparative statics shows that in this case dc'Idn C 0 and dk'Idn G 0. So, in a

Ramsey-Millian economy, ageing in the long-run not only increases per capita consumpti-

on, but also leads to a higher capital intensity. The reason for this is that the effective rate

of time preference is not affected by ageing in a Millian economy while the effective

interest rate rises, which stimulates savings. For a graphical illustration see Figure 2.2.

The klk-locus is the same as in the Benthamite economy. The clc-locus is vertical again
but lies to the left of that of a Benthamite economy. Point M is the initial steady-state of
the Millian economy. A decline in population growth now not only shifts the klk-locus

upwards, but also shifts the clc-locus to the right leading to the new steady-state M'.

Thirdly, if ~-0 and e-0, i.e. there is no altruism and utility is not weighted by

population size, we have the Weil (1989) model of unloved children. There are no

transfers to new generations in this case. Consequently, the generations' wealth, and

therefore their consumption levels too, will differ. In this case, the model presented above

describes the evolution of average per capita variables. The klk-locus is the same as for

the Ramsey models. The clc-locus is now upward sloping with a vertical asymptote. It

can easily be derived from footnote 8 that the steady-state (point W in Figure 2.3) lies

between the steady-states of the Ramsey-Millian and the Ramsey-Benthamite economies
iff
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e ~ 1 ptnt(1-a)8
a p tn

(2.10)

This condition holds for plausible parameter values. A decline in population growth now

not only shifts the klk-locus upwards, but also shifts the clc-locus downward. Conse-

quently, the capital intensity will increase and consumption rises in the new equilibrium

(W'), i. e. dc'ldn c 0 and dk'ldn c 0. It should be noted that this variant of our model

captures the most important element of overlapping-generations models, namely the

absense of altruism.9

2.4 Demographic changes

In this section we evaluate the short-run effect of demographic changes in the three

different variants of the model presented above. Several techniques have been proposed in

the literature to study adjustment trajectories when the economic system is hit by shocks.

Mankiw (1987) and Ihoro (1990) for example, evaluate the transition dynamic adjustment

path graphically. In this section we use this graphical technique to illustrate the effects of

ageing (cf. Figure 2.1-2.3). However, using this graphical analysis, nothing can be said a

priori in the Ramsey-Millian economy and the Weil economy where the initial response

depends on the steepness of the stable manifold. Therefore we solve for the fixed point

problem analytically, using the method of comparative dynamics as described in Judd

(1982). Appendix II (III) contains details of this methodology for the Ramsey model

(Weil model).

9 In discrete time overlapping-generations models, like the well-known Diamond model
(Diamond, 1965), the steady-state may be dynamically inefficient so that an increase in
capital intensity may, ceteris paribus, lead to a fall in consumption. In our model,
however, this is not possible. But dynamic inefficiency can easily be allowed for by
assuming that labour productivity declines with age (see Blanchard and Fischer (1989),
pp.119-120).
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Figure 2.1: A decline in population growth in the Ramsey-Benthamite economy.

Figure 2.2a: A decline in population growth in the Ramsey-Millian economy
with a relatively flat stable manifold.
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Figure 2.2b: A decline in population growth in the Ramsey-Millian economy
with a relatively steep stable manifold.

Figure 2.3: A decline in population growth in the Weil economy.
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Finally, in addition to the analytical approach (the method of comparative

dynamics) and the graphical technique, we present the consequences of demographic

changes by numerical simulation experiments using the method of multiple shooting (see

Ascher, Mattheij and Russel, 1988). The following parameter set pertains to these

experiments: a-0.36; 5-0.05; 8-2; p-0.03; n-0.01. The reason to adopt the method

of multiple shooting instead of the more well-known time-elimination method for

nonlinear systems by Barro and Sala-i-Martin (1995) is that this time-elimination

technique cannot solve the system's dynamic response in case of anticipated perturbations.

Two demographic scenarios, both starting in the steady-state, are analyzed: an

a ein scenario, i. e. a permanent decrease in population growth, and a baby-boom~bab~

bust scenario, i. e. an unanticipated increase in population growth which is thought to be

permanent, followed by an unanticipated return to the original low rate of population

growth.

A~S

In case of the Ramsey-Benthamite economy, the steady-state for a lower rate of populati-

on growth lies vertically above the old steady-state. Therefore, if the decrease in

population growth is unexpected, the economy immediately jumps to its new steady-state

(from B to B' in Figure 2.1). If the decrease in population growth is anticipated,

consumption also jumps upward at the announcement date. However, this jump is

smaller, vi2. from B to C in Figure 2.1. It places the economy on an unstable arm of the

system with the old parameter values. At the moment of the parameter shock (t-5), the

economy arrives at the stable arm (point D in Figure 2.1) of the system with the new

parameter values, leading to the new steady-state (B' in Figure 2.1). This dynamic

adjustment process is shown in Figure 2.4. The consumers anticipate on the future

increase in consumption possibilities (enabled by the lower rate of capital dilution when

population growth falls) by immediately increasing consumption. Consequently, savings

fall and the capital stock starts declining until the decrease in n actually takes place. Then

less saving is needed in order to compensate for capital dilution and k starts rising again,

gradually approaching the steady-state level. After its initial jump, consumption also

gradually grows to its new steady-state value.



46 Chapter 2

In case of the Ramsey-Millian economy, the consequences of ageing are complete-

ly different. The economy jumps to the stable arm leading to the new steady-state (M' in

Figure 2.2) if the decline in population growth comes unexpected, since the economy

cannot immediately jump to its new steady-state. The slope of the stable arm depends on

the parameter values. We consider two possibilities, viz. a relatively flat stable arm ZZ in

Figure 2.2a and a relatively steep stable arm Z'Z' in Figure 2.2b. In the former case,

consumption initially jumps upward, whereas consumption falls in the latter case. So, in

case of a Millian utility function, consumption can either rise or fall initially in response

to an unanticípated negative population growth shock. Using comparative dynamics (see

Judd, 1982) it can be shown (cf. Appendix II) that the initial change in c is positive iff

8 ~ (1-e)c ~ (2.11),
pk'

where p is the positive eigenvalue of the system's Jacobian. This condition is not satisfied

in our numerical simulations (cf. Table AII.1 in Appendix II), so that c will go down

initially. The same condition applies if the ageing is anticipated, in which case the system

follows trajectory MCDM', illustrated in Figure 2.2b when the stable manifold is

relatively steep. So, in our numerical simulations consumption will initially decrease in

case of an anticipated decline in population growth. However, the initial change in c is

smaller than in case of an unanticipated change. As in the Benthamite economy, the

system moves along an unstable manifold to its new stable arm, on which it arrives at the

date of the shock. Figure 2.4 presents the adjustment process. Consumption can be seen

to stay below its old steady-state value until the time of the demographic shock after

which it starts increasing. Consequently, the capital-labour ratio increases monotonically.

So in this case, consumers anticipate on the rise in the effective rate of return on capital

(relative to the effective rate of time preference) after the demographic shock by immedia-

tely raising savings.

The effects of ageing in the setting of the Weil model resemble to a certain extent

the effects in a Ramsey-Millian economy. Again, an unexpected decline in population

growth causes consumption to jump to the stable arm leading to the new steady-state (W'

in Figure 2.3). In Appendix III we solve the fixed point problem in the Weil model

analytically for a logarithmic utility function. It is shown that the initial effect on

consumption of a decrease in population growth is positive if p 1 p tnpk'~c`, where p is
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the positive eigenvalue of the Jacobian matrix. This condition dces not allow a general

answer to the question whether the initial change in consumption due to a decrease in

population growth is positive or negative. Consumption jumps upward in our numerical

experiments.'o The same result applies if the ageing is anticipated. Figure 2.4 presents

the adjustment process for this case. Consumption immediately jumps upward and starts

to increase until the new steady-state is reached. Due to the initial increase in consumpti-

on, the capital-labour ratio goes down in the short-term before increasing monotonically

to its new equilibrium level.

Hence, the results in a non-altruistic model are on average in between the opposite

results for the two Ramsey models. The results for the different generations may be quite

different, however. The initial increase in consumption is due to the fact that human

wealth jumps upward by more than 6 percent. As the youngest generations do only

possess human wealth, their increase in consumption will be much larger than the average

increase. The wealth of older generations, on the other hand, consists for a relatively

large part of financial wealth. As the value of financial capital does not change initially,

this implies that their initial increase in consumption will be much lower than the average

increase.

Baby-boomlbaby-bust

In the first variant of the model, the Ramsey-Benthamite economy, the steady-state capital

intensity is invariant to changes in population growth. Therefore, a baby-boom~baby-bust

scenario will not induce transition dynamics. If population growth unanticipatedly

increases, consumption immediately jumps to a lower level whereas the capital stock is

unaffected. If the baby-boom unexpectedly comes to an end, a reverse process instantane-

ously restores the prior equilibrium: consumption jumps upward. This dynamic adjust-

ment process is shown in Figure 2.5.

In the Ramsey-Millian case the impact of the baby-boomlbaby-bust scenario is

different. Again, Figure 2.5 shows the adjustment process. A permanent increase in

population growth then lowers the consumption and capital intensity in the long-run.

~o Sensitivity analysis learns that this result is quite robust with respect to parameter changes.
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Panel (a): Consumption

Panel (b): Capital

20

-5 ~
0 10 20 30 40 50

Note: B, M, W denote the Ramsey-Benthamite, the Ramsey-Millian, and the Weil economy.
Numbers on the vertical axis are ~-deviations from the original steady-state. Time is on
the horizontal axis. The impulse is a permanent 0.01 decrease in n from t-5 onwards.

Figure 2.4: Macroeconomic consequences of an anticipated permanent
decline in population growth.
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Panel (a): Consumption
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Panel (b): Capital
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Note: B, M, W denote the Ramsey-Benthamite, the Ramsey-Millian, and the Weil economy.
Numbers on the vertical axis are ~O-deviations from the original steady-state. Time is on
the horizontal axis. The impulse is a 0.01 increase in n from t-0 to t-5.

Figure 2.5: Macroeconomic consequences of an unanticipated rise in population growth,
followed by an unanticipated return to the original population growth rate.
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However, when this baby-boom is not expected, consumption initially jumps upwards,

which causes a fast decrease in the capital stock. As a consequence of this, consumption

also starts to fall. The unanticipated return to the original population growth rate, in turn,

leads to rising consumption levels again. Due to the lower level of capital dilution this

can go along with a gradual increase in capital intensity, until the original value is

restored in the long-run.

We finally consider the baby-boomlbaby-bust scenario in the setting of the Weil

economy. As in the Ramsey-Millian world, an unexpected increase in population growth

induces transition dynamics, which is illustrated in Figure 2.5. At the beginning of the

baby-boom, consumption immediately falls downward and the capital stock starts to

decline until the baby-boom unexpectedly comes to an end. At that moment, consumption

jumps upward and almost reaches its original level again. From that time on, consumption

and capital monotonically increase, eventually settling down in the original equilibrium.

2.5 Conclusion

There is a large and fastly growing literature on the macroeconomic effects of demograp-

hic changes as e.g. ageing or the sudden ending of a baby-boom. A central question in

this literature is whether the optimal response to such shocks is to anticipate on the future

capital abundance and to increase consumption, or to increase savings. In this paper it is

shown that the optimal reaction to demographic changes strongly depends on the intertem-

poral utility function used as well as on the question whether agents are altruistic or not, a

point that has largely been neglected in the literature so far. Table 2.1 summarizes the

results of our numerical simulation experiments. As shown in this table, the results of

demographic shocks in case of a Ramsey model with a Millian utility function may be

exactly opposite to the result when a Benthamite utility function is employed. In the latter

case, for instance, ageing leads to an increase in consumption which causes a temporary

decrease in the capital stock. This behaviour corresponds to the optimal reaction to ageing

for the U.S. presented by Cutler et al. (1990). If, however, in an otherwise identical

Ramsey model a Millian utility function is used, the optimal reaction to the same impulse

may be to initially decrease consumption and to increase capital accumulation, leading to

a permanent boom. The results in a non-altruistic model are on average in between the
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opposite results for the two Ramsey models.

Ageing Baby-boomlbaby-bust

Ramsey f Benthamite temporary recession status quo

Ramsey f Millian permanent boom temporary deep reces-
sion

Weil temporary recession followed by
~cnnancnt houm

temporary recession

Table 2.1: The effects of demographic changes on the capital stock.
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Appendix I: Derivation of steady-state in the Weil model.

Recall that in the Weil economy we have ~-e-0. tn steady-state (2.8) implies r'-w'Ih', or (by
the assumption of competitive markets)

ay'~k'-S - (1-a)y'~h'. (A1.1)

Denoting klh by ~ and kly by K, one can find from A1.1 that

~, - a-Sx'

1-a
In steady-state eq. (2.6) reads as

6-'[r-p] - nk~(kth).

Or,

6-'[a~x'-S-P~ - n~~~(~'}1).

After some manipulations one gets

-RZt ai-4R~ax~ 2 - 2p ,

(A 1.2)

(A1.3)

(A1.4)

(A1.5)

where a,-S(nBfdfp); az--(afl)á-p-naB. To ensure that ~'~0, we require that K cK~~;,-alS.
Then, from K-kly-k'-a, we find

k' - x' ~-a.

Eq. 2.7 boils in steady-state down to

r'-n}w'~k'-c'~k' - 0.

Using that r-alK and wlk-(1-a)IK, finally gives

c' - (l~x-S-n)k`.

(A1.6)

(A1.7)

(A1.8)

Numerical example.
Let a-0.36; 5-0.05; B-2; p-0.03; n-0.01. The solution is K-4.30 (cK~,;,-7.2); k'Ih'-0.23;
k'-9.77; c'-1.69. In Figure AL1, we show that the largest solution of (A1.5) exceeds the critical
value for the economically plausible parameter domain. Therefore, in footnote 8 in the text we
only consider the smallest root.
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Figure AI.1: Equation A1.5 as a function of the parameters.
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Appendix Il: Comparative statics and comparative dynamics in the Ramsey model.

In this appendix we present an analytical solution for the long-run as well as for the short-run
effects of a change in population growth in the Ramsey model (i.e. ~-1) for a general utility
function u(c) (u'(c) ~0, u"(c) C 0) and a general constant-returns-to-scale production function ,J(k)
(f(k) ~ 0, f'(k) c 0). The short-run solution is derived by the method of comparative dynamics (cf.
Judd 1982).

Suppose that the pattern of population growth over time is given by n,-n'fyz„ where
vector z, denotes the time pattern of the perturbation in population growth, and scalar ry denotes
the magnitude. We now loglinearize eqs. 2.6 and 2.7 around the steady-state (c , k~ by taking the
derivative with respect to y:

d[dlog(c)~dt] - k f~~(k') dlog(k) 1-E
dY - e dY ézt

d[dlog(k)Idt] - c ~ ~og(c) f(P -En) dlog(k)
-zdy - -k, dy dy `

where 0- -c'u"(c') Or, in matrix notation,
u~(c~)

d[dlog(c)~dt]
dy

d[dlog(k)~dt]
dy

-J

dlog(c)
dy

dlog(k)
dy

1-E

- é ,, J -
1

0 k Ï~~(k')
e

c'- p -En
k'

(A2.1)

(A2.2)

(A2.3)

where J is the Jacobian matrix. It can easily be checked that [he detenninant of this matrix is
negative, that is, that the system is saddlepoint stable.

The comparative statics results can now be derived from:

dlog(c')
dy

dlog(k')
dy

- J-~
1-E
é (A2.4)

This gives the result that a decrease in population growth (z~ G 0) leads to an increase in consump-
tion in the long-run. The effect on the capital-labour ratio depends on e. In case of a Ramsey-
Benthamite economy (e-1) k' is not affected while it increases in a Ramsey-Millian economy
(e -0).

The initial jump in consumption induced by ti follows from (cf. Judd 1982, eq. 7).

dlog(c~ f1-E Wk' -(p),
dY - I é-~, ~ i,(W) - fz~e -~`dt.

0
(A2.5)

where p is the positive eigenvalue of the Jacobian matrix and i,(~) is the Laplace transform of z,.
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It follows that the initial effect of a decrease in population growth (z, c 0) is positive if 0~
(1-e)c'

~,k'
This condition does not always have to hold. It holds, however, if e-1. That is, in case of a
Ramsey-Benthamite economy, ageing increases consumption in the short-run. In a Ramsey-Millian
economy (E-0), the initial effect on consumption depends on the rate of risk aversion. Consider
the simple case of a Cobb-Douglas production function f(k)-íca and CRRA utility. Table AIL1
presents some numbers on 8~~;,: [he critical value of the rate of risk aversion. Consumption will
initially increase in response to a negative population growth shock when the actual value of B
exceeds the critical value (consumption smoothing becomes more important for higher values of
B).

IX Ó P ecrit

(E -0)

0.36 0.05 0.03 2.17
0.25 0.05 0.03 3.08

0.50 0.05 0.03 1.60

0.36 0.02 0.03 2.00
0.36 0.08 0.03 2.28
0.36 0.05 0.01 2.45

0.36 0.05 0.05 2.04

Table AII.1: Critical value of the rate of risk aversion.



56 Chapter 2

Appendix III: Comparative statics and comparative dynamicx in the Weil model.

In this appendiz we present an analytical solution for the long-run as well as for the short-run

effects of a change in population growth in the Weil-model (i.e. 1`-e-0) for a logarithmic utility

function u(c)-1og(c) and a general constant-returns-to-scale production function fik) (f(k)10,

f'(k) c0). The short-run solution ís derived by the method of comparative dynamics (cf. Judd

1982).
Suppose that the pattern of population growth over time is given by n,-n'tyz„ where

vector z, denotes the time pattern of the perturbation in population growth, and scalar ry denotes

the tnagnitude. We now substitute eq. 2.4 in 2.6 with ~-p for B-1 and loglinearize eqs. 2.6 and

2.7 around the steady-state (c , k') by taking the derivative with respect to ry:

d[dl~Yc)~dt] - npk' d1~Yc)}[k.t.ii(k.)-npk']dl~Yk) pk'z` (A3.1)

d[dlog(k)Idt] - c`~o8(c) t~r(k.)-.nk') } c'] dlog(k) -zr
dY k' dY k' k' dY

Or, in matrix notation,

d[dlog(c)~dt]
dY

d[dlog(k)~dt]
~ dY

-J

dlog(c)
dY

dlog(k)
dY

pk'

c' z,, .1 -

nPk` kf~~(k.)-nPk`
c' c"
-c. f~(k.) 1(k.)}c.

k' k' k'

(A3.2)

(A3.3)

where J is the Jacobian matrix. It can easily be checked that the determinant of this matrix is

negative, that is, that the system is saddlepoint stable.
The comparative statics results can now be derived from:

dlog(c')
dy

dlog(k')
dY

- J-'

pk'

c' (A3.4)

This gives the result that a decrease in population growth (z` c 0) increases consumption as well as

the capital-labour ratio in the long-run." The initial jump in consumption induced by ti follows

from (cf. Judd 1982, eq. 7)

dlog(c~ - pk' p-npk'~c m N~ (A3.5). ,(p), z,(W) - fz,e - dt.
dY ( c' c'Ik' - o

where p. is the positive eigenvalue of the Jacobian matrix and z,(~) is the Laplace transfotm of z,.

~~ It should be noted that f~(k')-~k.) } ~~-r`-n~0.
k' k'
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So the initial effect of a decrease in population growth (z,c0) is positive if u~pfnpk'~c'. This
condition does not allow a general answer to the question whether the initial change in c due to a
decrease in population growth is positive or negative.
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Chapter 3

BUSINESS CYCLES IN A TWO-SECTOR MODEL

OF ENDOGENOUS GROWTHI

This chapter analyzes the impact of cyclical volatility on endogenous growth:
does growth increase or decrease with increased cyclical volatility? We
construct a stochastic two-sector model of endogenous growth to analyze this
question in detail. We will show that economic growth is higher in the presence
of business cycles, since people devote more time to learning activities in an
uncertain economic environment. Human capital is a hedge against future
income uncertainty. Hence, the rate of economic growth will be higher in a
stochastic environment. Based on a calibration of the model, we find that
economic growth increases by 0.161o-point as a result of observed business
cycle variability. When account is taken of the interaction between the model's
general equilibrium and the cycle, welfare gains (measured in units of a
permanent percentage increase in consumption) from eliminating business cycle
volatility are about 0.12"Io.

3.1 Introduction

Low frequency movements in per capita income are denoted as economic growth, while

high frequency components are called business cycles. While average growth in U.S. per

capita income over the 1950-1992 period amounted to 1.75q per year, the business cycle

t This chapter appeared as CentER Discussion Paper, No. 96116. Stimulating comments
from Harald Uhlig are gratefully acknowledged. I am also indebted to Lawrence
Christiano, Casper van Ewijk, Gerhard Glomm, Martin Lettau, Lex Meijdam, Fernando
Perera-Tallo, Xavier Sala-i-Martin, Ping Wang, Warren Weber, and seminar participants
at the Annual ENTER Jamboree in Toulouse (January 1996), IGIER in Milane (June
1996), the Annual IIPF Meeting in Tel Aviv (August 1996), at the Federal Reserve Bank
of Minneapolis (September 1996), and at Tilburg University (October 1996). This chapter
was completed while I was visiting the Federal Reserve Bank of Minneapolis: I want to
thank the Bank for its hospitality. The views expressed in this chapter are mine and not
necessarily those of the Federal Reserve Bank of Minneapolis or the Federal Reserve
System.
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component deviates on average by 2.72q.2 Apparently, the road to prosperiry is not a

smooth one. In the public discussion at least, these business cycle fluctuations are

considered as undesirable events, being a major cause of unemployment, bankruptcies,

demand slack and other miseries. In turn, all these business cycle reactions might have

effects on long-term economic growth. The important issue of the relationship between

business cycles and long-term growth thus arises. The aim of this chapter is precisely to

study this issue in detail.

What kind of relationship between long-term economic growth and cyclical

variability is observed in the data? Does an increase in the intensity of business cycle

fluctuations generally go along with higher or lower economic growth? There are some

empirical studies dealing with this issue. Based on data from the International Financia[

Statistics of the International Monetary Fund, Kormendi and Meguire (1985) use a cross-

section of forty-seven countries over the 1950-77 period. Testing simultaneously a set of

hypotheses, they find a significant positive effect of cyclical variability (measured as the

standard deviation of real output growth) and the mean annual growth rate: their

estimation results suggest that an increase of 2q-point in the standard deviation of the

rate of economic growth yields an increase in the rate of economic growth of

approximately 1 q-point. In Figure 3.1 we plot Kormendi and Meguire's data on

economic growth against business cycle intensity. Grier and Tullock (1989) construct

pooled cross-sectiott~time-series data on 113 countries, using data from Stunmers and

Heston (1984). In line with Kotmendi and Meguire, they find a positive and significani

effect of the standard deviation of real GDP growth on mean economic growth 3

The purpose of this chapter is to explore this interdependency between growth and

cyclical variability within the context of a Real Business Cycle (RBC) model extended

with endogenous growth. In particular, we will show that (i) economic growth is higher

z

3

Per capita income figures are taken from Summers and Heston, PWT 5.6. Series are
logged and detrended by the Hodrick-Prescott filter (setting the smoothing parameter to
400).

Admittedly, these findings are not undisputed. Other studies reach different and sometimes
opposite conclusions (cf. Levine and Renelt 1992, Ramey and Ramey 1995, Martin and
Rogers 1995, and Chapter 1 in this dissertation).
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Figure 3.1: Kormendi and Meguire's data on economic growth and cyclical variability.

in the presence of uncertainty about future overall productivity compared to the

deterministic model, (ii) economic growth is a negative function of the persistence of the

imposed sequence of productivity shocks, and (iií) economic growth is a positive function

of the variance of these shocks. Quantitatively, the model can replicate the findings by

Kormendi and Meguire (1985) and Grier and Tullock (1989) under certain restrictions on

the persistence parameters of the exogenous stochastic technology disturbances. A second

objective of this paper is to re-estimate the welfare gains of eliminating cyclical

variability. While these welfare gains are typically found to be very small in models of

exogenous growth (see for instance Lucas 1987, Atkeson and Phelan 1994, and

imrohoroglu 1989), our findings suggest that welfare gains (measured in units of a

permanent percentage increase in consumption) from eliminating business cycle volatility

are about 0.12 qo when account is taken of the interaction between the model's general

equilibrium and the cycle.

The deterministic counterpart of the model is a discrete time variant of the Lucas-

Uzawa two-sector "learning-or-doing" model of endogenous growth (Lucas 1988, Uzawa
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1965). In the basic model, business cycle fluctuations are driven by two mechanisms for

intertemporal substitution, viz. (i) the consumption-or-savings choice, and (ii) the

learning-or-doing choice.4 Savings are procyclical, while learning time rypically moves

countercyclically: the opportunity costs (in terms of forgone production) of productivity-

enhancing learning activities are relatively low (high) during recessions (booms) so that

more (less) employees will be allocated to the learning sector during an economic

downturn (expansion) relative to the production sector (cf. Aghion and Saint-Paul 1991,

Hall 1991). These intertemporal reallocations of workers across learning and production

activities along the business cycle are supported by the empirical observation that human

capital creation tends to be countercyclical (cf. Bean 1990, Davis and Haltiwanger 1989,

Saint-Paul 1993).

The key ingredient in our analysis is that business cycle fluctuations induce

precautionary savings. Agents want to insure against future income risk by increasing the

accumulation of human capital. In the context of our two-sector model, increasing the rate

of human capital accumulation implies an enlargement of the learning sector relative to

the production sector; more labour needs to be allocated to the learning sector to

accomplish faster accumulation of human capital. Since human capital accumulation

detetmines growth, the rate of economic growth will be higher in the presence of cyclical

variability.

The topic of precautionary savings has received much attention in the recent

literature. For example, Deaton (1991) shows that agents behave "prudently" and

accumulate assets as a buffer stock to protect consumption against bad states of the

economy, assuming convex marginal utility and botrowing constraints. However, the

analysis in Deaton is embedded into a partial equilibrium framework; all uncertainty is

a The motivation to use the Lucas-Uzawa learning-or-doing model and not (for example) a
simpler "Y-AK" model is that we want to construct a model that is capable of mimicing
observed time series patterns of important economic variables, both at high and low
frequencies. Since there are no transitional dynamics in the Y-AK model, this type of
model is not a suitable business cycle model: shocks cannot be propagated forwardly in
time since agents do not substitute consumption and leisure intertemporally in response to
a temporary productivity disturbance. A second reason why we think that this model is not
appropriate for our purpose is that it abstracts from employment as a productive factor
input. Since employment fluctuations are a key feature of observed business cycle
fluctuations, models that try to mimic actual business cycle patterns should attempt to
explain these employment movements.
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focused on labour income and the real interest rate is fixed. Similar to the methodology

used in this chapter, Skinner (1988) analyzes the role of precautionary savings against

uncertain interest rates and earnings by taking a second-order expansion of the Euler

equation. Skinner finds that "it is only to the extent that annual variations in earnings

signal a permanent change in future earnings that precautionary savings become

important" (pp.238). The intuition of this result being that a given year's income

fluctuation is only a small proportion of the present value of future income. Hence,

precautionary savings are very small when a year's earnings fluctuation only has

transitory effects on future income, but are potentially important when output variations

signal permanent effects on future income.

Examples of contiguous studies on the relation between economic growth and the

cycle include King and Rebelo (1988), Aghion and Saint-Paul (1991), Aghion and Howitt

(1992), Dellas (1991), Caballero and Hammour (1994), Stiglitz (1993), and Benavie,

Grinols, and Turnovsky (1996). King and Rebelo integrate Real Business Cycle theory in

an endogenous growth model and study the effect of economic fluctuations on the path of

economic activity. Contrary to the basic implication of the neoclassical model that

temporary shocks only exert temporary effects on the level of economic activity, King

and Rebelo show that temporary disturbances have permanent effects in a two-sector

endogenous growth model. The propagation mechanism at work along the cycle in

Aghion and Saint-Paul is the opportunity cost effect. To generate interaction between

economic growth and business cycles, Aghion and Saint-Paul assume that the cost of

RBcD is convex. Optimal firm policies with respect to business cycle fluctuations are

asymmetric in that case: the reallocation of employees to the research sector during

recessions is larger than the reverse reallocation during economic expansions. Thus,

average growth in the economy is higher in the presence of business cycle volatility.

Aghion and Howitt construct an endogenous growth model in which vertical innovations

lead to the replacement of incumbent firms through a Schumpeterian process of creative

destruction. They find that economic growth and the variability of the growth rate

increase with the size of the vertical innovations. Dellas investigates the relation between

economic growth and the cycle by considering the effect of stabilization policy on the

allocation of production factors. Since low skill employment is disproportionally affected

by cyclical variability, agents may want to accumulate human capital more rapidly so as
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to increase job security. Hence, stabilization policies can retard economic growth by

discouraging such behaviour. Caballero and Hammour focus on the cleansing and

insulation effect of recessions: old production units can more easily be scrapped during

economic downturns (cleansing), but units in place may partly be sheltered from

recessions when creation of new vintages is reduced (insulation). Stiglitz develops a

model in which fitms facing capital market imperfections reduce RBcD efforts during

economic downturns, so that recessions have negative effects on long-term growth.

Benavie, Grinols, and Turnovsky introduce costly investment in a stochastic "Y-AK"

endogenous growth model and study the effects of fiscal policy on economic growth and

its variability. Perhaps closest related to the ideas in this chapter is Einarsson and

Marquis (1994), constructing a stochastic growth model drawn from the family of

"intermediate" models for which economic growth is partly endogenous and partly

exogenous. They do not allow for complete endogenous growth since "that would have

posed significant problems for the numerical solution procedure that was employed"

(pp.2). In the present chapter we construct a stochastic model without having to fall back

on exogenous growth.

To assess the relation between growth and cycles quantitatively, we use the

following procedure. In section 3.2 we introduce the model, derive the first order conditi-

ons, normalize the variables suitably, calculate the balanced growth path, and look at

comparative statics. Section three analyzes the model's dynamic properties. Technically,

we loglinearize the model around the balanced growth path and solve it with the method

of undetermined ccefficients (McCallum 1983, Campbell 1994, Uhlig 1995). We pay

particular attention to an often ignored variance term arising in the loglinearized Euler

equations, since that term represents the influence of precautionary savings. A quantitative

example is presented in section four. Based on a calibration of the model, we find that

economic growth will increase by about 0.16q-point due to the presence of uncertainty.

An evaluation of the welfare gains of eliminating business cycle variability is presented in

section five. Endogenous labour supply is introduced in section six. In section seven we

investigate the role of human capital externalities. Finally, section eight concludes.
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3.2 The Lucas-Uzawa two-sector model of endogenous growth

3.2.1 The model
In this section we construct a discrete time stochastic version of the Lucas-Uzawa two-

sector endogenous growth model (Lucas 1988, Uzawa 1965). In the production sector,

physical capital K, human capital H, and labour L are combined in order to produce one

single homogeneous commodity. The production function is given by Y-Y(K, uHL). Y

denotes aggregate output and is concave with respect to physical capital K and effective

labour input uHL separately, and exhibits constant returns to scale when factor inputs are

accumulated at a uniform rate. Effective labour input is determined by the total labour

force L, human capital H, and the fraction of time that an employee is allocated to the

production sector u. For simplicity, we abstract from population growth and normalize L

to unity. We assume the functional form of the production function to be Cobb-Douglas,

i. e.

Y(t) - A(t)K(t-1)~`[u(t)H(t-1)]'-a, (3.1)

where t is a time index, a(1-a) is the production elasticity of physical capital (labour),

and A(t) is an exogenous productivity index. Uncertainty in the efficiency to transform

inputs into output in the production sector is modelled by assuming that the logarithm of

A(t) follows a stochastic AR(1) process:

ln(A(t}1)) - (1-~~)ln(A)tdt~ln(A(t))te~(ttl)a EA - N(0,6~) l.l.d. (3.2)

where ln(A) is the unconditional mean of ln(A(t)), and ~~,~ ~ 51 measures the persistence

of the productivity shocks (with ~~,, ~-1 representing a random walk).

In standard RBC models, changes in A(t) are assumed to represent temporary

shocks in the production technology. Our present two-sector model allows us to explain

changes in the technology available to production firms in a separate block. Hence, in the

context of our two-sector model we can think of A(t) as representing something more

general, viz. anything that affects total factor productivity in the production sector (think

of, for instance, climate, labour union behaviour, government policies, shifts in consumer

preferences, maintenance of machinery, managerial conduct).
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Both types of capital are predetermined by their last period's stocks. Physical

capital accumulation follows from the economy's resource constraint

K(t) - Y(t)-C(t)t(1-SK)K(t-1), (3.3)

where C denotes consumption, and SK?0 is the rate at which physical capital depreciates.

In the learning sector, accumulation of human capital is based on the linear Lucas-Uzawa

function5

H(t) - H(t-1)(x(t)L1-u(t)]tl-SN). (3.4)

We assume human capital to depreciate at rate S„?0. According to eq. 3.4, the stock of

human capital shrinks at rate bH if no labour time is devoted to the learning sector

(u(t)-1). If all workers are learning, human capital grows at its maximum rate X(t)-SH.

Within this range, there are no diminishing returns to the stock of human capital: we will

thus expect the model to deliver endogenous growth for the usual reasons.

Since we conceive of learning activity as an essentially uncertain process, we

assume that the productivity of research workers is not constant over time. To capture the

uncertainty inherent to the process of learning, and similar to the process for A(t), we

assume that the efficiency to transform leatning time into human capital follows a

stochastic AR(1) process:

~(x(ttI)) - (1-~x)~(x)t~X~(x(t))}EX(t}I), ex - N(O,ax) i.i.d. (3.5)

So changes in X(t) represent temporary shocks in the research technology. As before,

ln(X) is the unconditional mean of ln(X(t)), and ~~X ~ S 1 measures the persistence of

productivity shocks (with ~~x ~-1 representing a random walk).

Turning to the preference side of our model, we assume that the decision maker

wants to maximize the expected discounted stream of future utilities

5 In his 1990 paper, Lucas uses a more general learning technology in which learning time
enters non-linearly. An evaluation of the consequences of this non-linear learning function
for the relationship between economic growth and the cycle is left for future research.
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i e-
U- E~ a`C(t) - 1 6~1,

~.0 1-9
(3.6)

where E is the expectation operator, B is the relative rate of risk aversion, and (3 is the

discount factor. The social planner maximizes intertemporal utility defined by eq. 3.6

subject to 3.1, 3.3, 3.4, and the initial conditions K(0)10 and H(0)10. For the moment,

we don't include leisure time in the utility function to keep the model simple. In other

words, labour supply is inelastic. Labour movements along the cycle are thus entirely

between sectors. This unrealistic assumption will be relaxed in section six.

3.2.2 Solving the model
Solving the model proceeds along the usual lines. Let ~(t) and p(t) be the Lagrange

multipliers for the constraints (3.3) and (3.4), where (3.1) has been substituted into (3.3).

The first order conditions for an optimal path are given by

c(t)-e - ,~(t)

,l(t)(1-a) Y~t) - ~(t)H(t-1)X(t).
u(t)

(3.7)

(3.8)

Equation 3.7 says that, on the margin, goods must be equally valuable in their two uses,

consumption and physical capital accumulation. Similarly, equation 3.8 says that, on the

margin, time must be equally valuable in its two uses, production and human capital

accumulation. The dynamic path of the Lagrange multipliers is given by (E, is the

expectation operator, conditional on information up to time t)

~.(t) - aE ~.(t}1) a Y(ttl) }1 aK
( K(t) - ),

4~(t) - REd~(ttl)(1-a)Y(t}1)tW(ttl)~X(ttl)[1-u(ttl)]tl-8y~1
l H(t) J

(3.9)

(3.10)

In order to characterize the balanced growth path, we follow Mulligan and Sala-i-

Martin (1993) and transform some variables to make them stationary. Define the human-

to-physical capital ratio, the consumption-to-physical capital ratio, and the output-to-
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physical capital ratio as h(t)-H(t)IK(t), c(t)-C(t)IK(t-1), and y(t)-Y(t)IK(t-1) respective-

ly. We will now characterize the balanced growth path in terms of h, c, y, s (the savings

rate), and u, where the savings rate s-(Y-C)I Y- (y-c)~y. An equilibrium is defined as a

set of paths {c(t), s(t), u(t), h(t), y(t)} maximizing eq. 3.6 and satisfying eqs. 3.7-3.10.

We want to derive reduced form expressions for the balanced growth solution of

our model in tentts of the structural parameters. Substituting eq. 3.7 into 3.9,

transforming C and Y to c and y, and substituting the resource constraint into K(t)~K(t-1)

gives

c(tt 1) le (3.11)1 - (3E~( [s(t)y(t)}1-SK] J [ay(tfl)}1-SK] .
l c(t)

This is the Euler equation for the optimal consumption path over time.

We turn to the key argument in our paper. To understand the mechanics of the

model, it is useful to loglinearize equation 3.11 along the lines of Campbell (1993),

resulting in

0 - ]n(itE~{-6[th(c(ttl))-th(c(t))]-e[S(t)y(t)-SK]tay(ttl)-gK}t 21~ (3.12)

where

Vl - Yar~{-8[ln(c(ttl))-ln(c(t))]-8s(t)y(t)tay(ttl)).

That is, we approximate the original Euler equation by taking a second-order Taylor

expansion; the variance of the stochastic term is included as a kind of "uncertainty

premium". Under convex marginal utility, a lottery decreases the agent's utility compared

to a situation where the agent gets the average outcome with certainty. To be indifferent

between playing a lottery and playing a deterministic game, the agent wants to be

compensated in tenms of an uncertainty premium in the former case.

More formally, we have assumed here that the stochastic tenns in the Euler

equation are jointly conditionally homoscedastic and lognormally distributed: this should

hold at least approximately. The key term here is the variance term ~hV,. It arises since,

by Jensen's inequality, the logarithm of the expectation of a random variable is not equal

to the expectation of the logarithm of that variable. Put differently, if x is a lognormally

distributed random variable, then ln(E,[z(tt 1)])-E~[ln(z(tf 1))] t 1hVar,[ln(x(tf 1))].
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Often this variance term is ignored, but in this chapter it plays a key role in the

analysis. It is important to realize that this variance term represents the effect of business

cycle uncertainty on intertemporal decisions by economic agents. In particular, the

variance term in equation 3.12 will increase the optimal growth rate of consumption:

economic agents insure against future consumption losses by means of precautionary

savings (cf. Sandmo 1970, Mirman 1971, Skinner 1988, Deaton 1991).

Since c, y, and s are constant along a balanced growth path, eq. 3.12 implies

Vo ~ ~np-e(S 'y'-8K)fay`-SKt ~,
2

(3.13)

where balanced growth outcomes are denoted by an asterisk (~`). Thus, the presence of a

variance term in this Euler equation affects the balanced growth values for s' and y'.

The second Euler equation follows from substituting the Lagrange multiplier p(t)

from eq. 3.8 into 3.10

( c(t}1) e Y(ttl) H(t-1)1 - (3E~II
c(t)

[S(t)Y(t)tl-SK]l
Y(t) H(t)

X` u(t) x(t) [x(ttl) tll -s„] }
u(ttl) x(ttl)

For similar reasons, the log version of this equation takes the form

o - 1nptEt{-e[~(~(t}1))-~(~(t))]-e[S(t)y(t)-ax]t8~(t}1)-

8„(t)-8~(t}1)-8X(ttl)t[x(t}1)-Sy]1t 2Z,

(3.14)

(3.15)

where g,{ttl)-[Y(tfl)-Y(t)]~Y(t), and so forth. VZ in this equation is defined by

v2 - var~~-6[ln(c(ttl))-ln(c(t))]-es(t)y(t)tg~.(tt1)-g„(t)-g„(tt1)-gX(rt1)fx(ttl)}.

The variance term in this Euler equation affects in particular the agent's decision on

human capital formation. As a way to insure against future income losses, agents will

accumulate human capital more rapidly in an uncertain economic environment. Since

human capital fotmation is the engine of growth in this model, we thus found the

transmission channel between economic growth and business cycles.

It is important to notice that the presence of uncertainty also increases the

unconditional average of X . Since
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E[x(ttl)~x(t)] - xt-0xx(t)~xE`QEx~~.l)1
-

x1-~xx(t)~xE[QaxRJr

the unconditional average of X is increased by a facltor oxzl2. Ceteris pari6us, this would

already lead to an increase in the rate of economic growth. However, since vX is small,

this tetm can safely be ignored.b

Along a balanced growth path, the growth rate of aggregate output is equal to the

growth rate of the stock of human capital (gY-gH), and u, X are constant so that

V
0 - lna -A[s'y'-8x] tx-8 y} ~. (3.16)

From eq. 3.13 and 3.16 we can derive the balanced output-to-physical capital ratio and

the savings rate. Then, from the accumulation functions of human and physical capital,

one can find the optimal fraction of production time along a balanced growth path. From

the definition of the savings rate we find the balanced consumption-to-physical capital

ratio, and, from the production function we obtain an expression for the ratio of human to

physical capital. Finally, from g,.-gx, we find an expression for the growth rate of

aggregate production. The results are summarized below.

s. - a~.
é,y'

. z gK-aH. . ~ - {u - 1--} , c -6x x a 9
( l-' r S -S l '

y` - a; h` - I Á J '-~`I1-é } K yl ; 8r - é-S~
l 11 l1 x x lll

where tG - X fS,~S„ f~Iz VZ ~h V, , ~-1rt,(3 fX-~ eaKaH ~- ~~z Vz are auxiliary terms. The

model's balanced growth path is stochastic around its stationary expressions for s`, u`, c`

and so on. Moreover, there is a general equilibrium effect of uncertainty in this economy:

the stationary balanced growth path expressions of the model are affected by the presence

of the variance terms V, and Vz.

6 In the simulations we have run, we also experimented with an unconditional mean of X
increased by half of the variance of the innovation term of the AR(1) process for X. This
did not affect our results quantitatively.
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Proposition: The presence of an "uncertainty premium " V, leaves the size of the learning

sector relative to the production sector unchanged and does not affect the rate of

economic growth. The presence of an "uncertainty premium " VZ enlarges the learning

sector re[ative to the production sector and increases the rate of economic growth.

Proof.~ Partial differentiation shows that au'~d V, -0, ag,."~aV, - 0, 8u'IaVz G 0,

8g,.'~d Vz 10.

0

Results from comparative statics are reported in Table 3.1. Since comparative

statics for the deterministic version of the model are well-understood (cf. Mulligan and

Sala-i-Martin 1993, Faig 1995), we concentrate on the impact of both variance terms on

the balanced growth path.' An increase in V, stimulates savings, and depresses the

consumption-to-physical capital ratio, the production-to-physical capital ratio, and the

ratio of human to physical capital. Secondly, an increase in VZ stimulates savings, lowers

the optimal production time, and raises the consumption-to-physical capital ratio, the

production-to-physical capital ratio, the ratio of human to physical capital, and the rate of

economic growth. It is the presence of a variance term in the Euler equation determining

the optimal accumulation of human capital that stands at the heart of our key result that

growth and cycles are interrelated: business cycles create business cycle risk, and agents

want to insure against this income risk by increasing human capital accumulation, and

thereby the rate of economic growth.

, Formally, this is not completely correct. In the comparative statics analysis, we treat V,
and V2 as if they are exogenous while they are actually endogenously determined in the
model. These variance terms are complicated functions of the ultimate exogenous
stochastic processes. As long as V, and VZ are increasing functions of the standard
deviations a,, and ax (which seems plausible), the comparative statics results also hold for
the exogenous standard deviations.
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s' u' c' y' h' g,'

A 0 0 0 f - 0

X f - f t f t

a f - - - - 0

ÓK t 0 t f t 0

bN' t - - - - -

I3 f - - 0 f f

B - f t 0 - -

V, f 0 - - - 0

yZb t - t f f f

' For 811.
b The comparative statics results for s' and c' hinge on the assumption that tG ~~ and a G B

respectively. The latter condition is met for realistic parameter values; for V, close to
zero, we can rewrite the former condition to (B-1)SXG 1-a. This condition is also met for
our baseline parameter choices, but might be violated for other choices: an increase in V2
will lead to a decrease in savings when households become more risk averse (B increases).

Note: The savings rate - for instance - increases when the maximum growth rate of human
capital in the learning sector is higher, when physical capital is more productive, when
capital depreciation is higher, when agents are more patient, when agents are less risk
averse, and when the variance terms in the Euler equations are higher.

Table 3.1: Comparative statics in the Lucas-Uzawa model.

These results are driven by the fact that people want to guard against future

income declines in such an uncertain environment. Their means to do so is "prudent"

behaviour in the sense that human capital is accumulated more rapidly. Thus, the effect of

uncertainty on capital formation is not symmetric across both types of capital; there is a

bias towards human capital formation. To develop some intuition behind this result, we

proceed by introducing two new variables. The expected return to physical capital

(conditional on information up to time t) is defined as

E~[RK(ttl)] - E~[ay(ttl)tl-SK]. (3.17)

In a similar fashion we define the expected return to human capital as
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E R tfl E Y(ttl) H(t-1) u(t) X(t) t} 3.18)
r[ ~ )] - Y(t) N(t) u (t}1) X(ttl)~X(t

1) 1-SH]l. (

Recall that both returns are implicitly present in the original Euler equations 3.11 and

3.14. The reason why the definition of the return to human capital is so complicated is

that units of time must be transfotYrted into units of the good.

Along a balanced growth path, it holds that RK -ay`fl-SK and R,; -Xf1-5,,. For

the deterministic economy we thus find the arbitrage condition RK'-Ry'. The required

return to physical capital in a stochastic economy will increase (cf. the balanced growth

expression for y') to the extent that uncertainty increases VZ relative to V,, whereas the

rate of return to human capital will be unaffected. (Below it will be shown that in a

calibrated version of the model this indeed holds true: uncertainty increases VZ relative to

V,). In order to realize the higher balanced growth return on physical capital, physical

capital must become relatively scarce. That is, h' must be higher in the stochastic

equilibrium compared to the detetministic economy. Also from the balanced growth

expression for h' it can be seen that an increase in the ratio of human to physical capital

can only be accomplished by an increase in VZ relative to V~ . From the expression for the

balanced growth rate it then directly follows that the asymmetry towards human capital

accumulation goes along with an increase in research activity and the rate of economic

growth.

3.3 The method of undetermined coefficients

To determine V, and V2, we solve a loglinearized version of our model with the method

of undetermined ccefficients (McCallum 1983, Campbell 1994, Uhlig 1995).8 Further

details can be found in Appendix I. Let y(t) -1n(y(t))-ln(y') denote the log-deviation of

y(t)-Y(t)IK(t-1) from its balanced growth value y', and define c(t), u(t), s(t), h(t), Á(t),

and X(t) in a similar way. Using a linear approximation to the equations characterizing the

equilibrium, the method in Uhlig (1995) yields the recursive equilibrium laws of motion

in the form

8 An overview of some available methods to solve nonlinear stochastic models can be found
in Taylor and Uhlig (1990).
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Y(t) - rlytih(t-1)trIYAA(t)}~rxx(t),

where rly,, is the partial elasticity of y(t) with respect to h(t-1), rly,, is the partial elasticity

of y(t) with respect to Á(t), and ri~ is the partial elasticity of y(t) with respect to X(t).

Given balanced growth values y', c', u', s', and h', the method delivers the

ccefficients rlY,,, r1yA~ ~1,~~ .-.~ ~1nn~ ~)n,,, nnx, i.e. the recursive equilibrium laws of motion

h(t) - f2Ph(t-1)tf~~

and

u(t)
y(t)
c(t)
s(t)

- f2Rlt(t-1)}R~

Á(t)1
z(t)J

Á(t)1
z(t)Jh

(3.19)

(3.20)

where flp,...,tts are matrices containing the partial elasticities we are looking for. Given

these laws of motion, we can in turn back out

V~ - Var~{9[c(t)-c(tt1)]-9s'y'[s(t)ty(t)]tay'y(t}1)f

and

VZ - Yar~{6[e(t)-c(ttl)]t(1-6)s'y'[s(t)}Y(t)]tY(ttl)-Y(t)
t(1 txu')u(t)-a(t}1)}(1 }xu"-x)z(t)}(x-1)z(t}1)1,

and then determine the balanced growth values y', c', u', s', and h'. In sum, we get a

fixed point problem which we solve by iteration: usually few iterations suffice to achieve

convergence.

3.4 InteracNon between economic growth and business cycles:

A quantitaNve assessment

To obtain quantitative results, the model needs to be calibrated. The assumption of a

Cobb-Douglas technology in the production sector implies that the production elasticity of

physical capital, a, equals the capital share in national income. Following other RBC
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studies (for example Hansen 1985), we set a-0.36. We set the discount factor ~3 equal to

0.96 (see Kydland and Prescott, 1982), interpreting one period to correspond to a year.

Physical capital depreciation is set at 6~o anually (cf. Stokey and Rebelo, 1995). We set

the rate of human capital depreciation at 1.5 q, which roughly corresponds to values

reported in Mincer (1974). Empirical estimates for the rate of risk aversion vary widely,

but are typically larger than unity. Here we take 9-1.5. The scaling factor A is set at 1.

In a model with elastic labour supply, Jones, Manuelli, and Rossi (1993) estimate the

quantities of work in the market sector and in human capital formation to be 0.17 and

0.12, respectively. To keep the same relative sector sizes in the context of our basic

model with inelastic labour supply, we choose u'-0.59 in the deterministic economy. A

typical value for the rate of economic growth is 2qo. These two numbers are replicated by

the model when the transformation rate of research time into learning, X, is set at 0.0865.

Finally we want to select reasonable parameters for the exogenous stochastic processes.

Following the RBC literature, we set the persistence parameter for the AR(1) process

generating shocks to the production sector at 0.81, which corresponds to a commonly

used value of 0.95 for quarterly series; the standard deviation of the corresponding

innovation term is set at 0.011. To obtain a reasonable overall fit to the actual U.S.

business cycle experience, we set the persistence parameter for the AR(1) process

generating shocks to the learning sector at 0.2; the standard deviation of the correspon-

ding innovation term is set at 0.015.9 Hence, shocks to the learning sector are more

volatile and less persistent than shocks to the production sector.

The solution for the stochastic growth model is presented in Table 3.2. As part (a)

of the table shows, V, is approximately zero and YZ is in the order of magnitude of 0.005.

This result is fairly robust to changes in the parameter values. In the baseline case we

find the following solution: s'-22.1q; u'-57.1q; c'-0.29; y'-0.37; h'-0.37;

g,,'-2.21q. Compared to the deterministic case, economic growth is 0.16qo-point higher

in the presence of uncertainty. Part (b) of the table reports the recursive equilibrium laws

of motion for the baseline parameter constellation, as well as for some other parameter

9 Einarsson and Marquis (1994) calibrate a similar type of model. They use a standard
deviation of 0.055 for an AR(1) process that generates stochastic depreciation of human
capital, in combination with a standard deviation of 0.0107 for an AR(1) process that
generates stochastic technology shocks to the production sector. The persistence parame-
ters are set at 0.5 and 0.81, respectively.
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choices (the parameter ranges loosely cover the empirically relevant possibilities). The

solution is invariant to changes in A(not reported), and is also not very sensitive with

respect to the choice of X, 5,,, a and B. Variations in a and SK have larger effects on the

equilibrium solution. In response to a shock, transition dynamics to the new balanced

growth path is faster when a is lower and SX is higher. For instance, an imbalance in the

ratio of human to physical capital disappears at an annual rate of 28q when a-0.26,

while it disappears at an annual rate of only 14q when a-0.46.

The interpretation of these recursive equilibrium laws of motion is the following.

A 1 q deviation of last period's human capital to physical capital ratio will cause the

current human capital to physical capital ratio to deviate from its equilibrium value by

approximately 0.81 q(ceteris paribus). That is, an initial imbalance between the stocks of

human and physical capital gradually disappears and the economy converges to h'.

Similarly, a 1 qo-productivity shock to the production sector lowers the human to physical

capital ratio by 0.48qo in the current period. The intuition behind this result is that the

decision maker finds it profitable to enlarge the production sector relative to the learning

sector during times when productivity in the production sector is high, since the

opportunity costs of learning are relatively high (cf. Aghion and Saint-Paul 1991, Bean

1990, Davis and Haltiwanger 1989, Hall 1991).'o A positive 1 q-productivity shock to

the learning sector instantaneously raises the ratio of human to physical capital by 0.52q.

The opportunity cost effect now works in reverse direction: a temporary productivity-

increase in the learning sector encourages a temporary reallocation of employees towards

the learning sector. Similar interpretations can be given for the other recursive

equilibrium laws of motion.

Impulse-response functions in case of a productivity shock of 1 q in the production

sector and the learning sector are illustrated in Figure 3.2 and 3.3. Normalized variables

tend to return to their initial value (panel A in both figures). The untransformed variables

Y, K, H, and C are petmanently affected by temporary productivity shocks, as illustrated

in panel B in the figures. That is, the model exhibits hysteresis. Production, the stocks of

'o In Canton (1996) it is shown that in a two-sector model of endogenous growth similar to
the one analyzed in this chapter but without physical capital (like in Aghion and Saint-Paul
1991), consumption smoothing arguments tend to outweigh opportunity cost effects for
plausible values of the intertemporal elasticity of substitution (i. e. 1IB c 1).
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PANEL A

5

4

3

2

1

-1

-2 ~
0 5 10 15 20

~A th tc -ery -~-s tu

PANEL B

0 5 10 15 20

-e-A -~- KtH ~C -M-~

25

25

30

30

Figure 3.2: Impulse-responses to a one standard deviation shock to the production sector,
stationary variables in Panel A and non-stationary variables in Panel B.
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Figure 3.3: Impulse-responses to a one standard deviation shock to the learning sector,
stationary variables in Panel A and non-stationary variables in Panel B.
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physical and human capital, and consumption increase permanently by about 1.11 qo when

the economy is hit by a temporary one standard deviation shock to the production sector.

In case of a one standard deviation shock to the learning sector, the long-term effect is

something like 0.82 q .

Interesting result: Temporary productiviry shocks to the production sector and the learning

sector have permanent effects on Y, K, H, and C.

Let us confront our model to the post-war U.S. experience to see how well it

replicates some important business cycle characteristics. In Table 3.3 we summarize some

statistics of the U.S. economy and our artificial economy. By-and-large, business cycle

movements in the artificial economy replicate the actual experience reasonably well.

Consumption is less variable than output, but consumption is too smooth in the artificial

economy compared to the U.S. experience. Investments are more volatile than production

and the standard deviation generated in the model economy is in the same order of

magnitude as the one observed in the U.S. economy. The standard deviation of physical

capital is slightly below the actually observed number. Variability in the stock of human

capital strongly differs in both economies. Whereas the correlation of human capital with

output is negative in the artificial economy, Einarsson and Marquis (1994) report a

positive correlation. However, the findings in the artificial economy are consistent with

other studies concluding that human capital accumulation is countercyclical (cf. Bean

1990, Davis and Haltiwanger 1989, and Saint-Paul 1993).

Next we want to study how changes in the characteristics of the exogenous

stochastic processes affect the balanced growth rate. A number of simulations are

undertaken. Results can be summarized as follows:

1. Shocks in the productivity of production workers have no effect on human capital

formation and long-term economic growth.

2. Shocks in the productivity of research workers have important effects on human

capital fotmation and long-term economic growth.

3. The interaction between economic growth and the cycle becomes more pronounced

when shocks to the learning sector are less persistent.
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Variable U.S. Economy Two-Sector Model of
1950-1989 Endogenous Growth

x a~ Pxr Q~ Pxr

Y 2.45 1.00 2.52 1.00

C 1.80 0.87 0.79 0.76

s 8.32 0.78 7.04 0.97

1-1 1.60 0.86 - -

u - - 2.89 0.88

K 2.42 0.39 1.26 0.59

H 0.77 0.21 0.27 -0.47

Note: Variables are logged and detrended by the Hodrick-Prescott filtering technique, setting the
smoothing parameter at 400 (a common choice for annual data). Summary statistics for the
U.S. economy are taken from Einarsson and Marquis (1994, Table 1). ax denotes the
standard deviation of variable x (in ~); Psr denotes the correlation of variable x with
output Y; 1-1 is the fraction of hours devoted to market activity (or employment). The
artificially generated second moments and correlation figures are averages across 100 runs
of 100 periods.

Table 3.3: Summary statistics.

The intuition of these results being that precautionary investments in human capital

are more effective as a guard against future income uncertainty. Increased investments in

physical capital accumulation as a means of hedging against bad times only affects the

income level, whereas increased investments in human capital formation increases the rate

of economic growth.

In Figure 3.4 we illustrate the growth premium as a function of the standard

deviation of the innovation term ex, for alternative choices of the persistence parameter

~X. The calibrated value for the standard deviation of the innovation term is 1.5 q. The

increase in economic growth due to the presence of these exogenous stochastic

disturbances becomes larger when the standard deviation of the innovation term is

increased. However, the quantitative effects crucially depend on the persistence of the

imposed technology shocks. Business cycles have weak effects on economic growth when

shocks are relatively persistent but the effects are strong when the technology shocks are

close to an i.i.d. process with no persistence at all. In order to gain some intuition behind

this result, one should realize that the change in X enters as an argument in the definition
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of VZ. Using the definition of the AR(1) process for technology shocks to the leatning

sector, one finds that

t~ar~(E,[X(ttI)l-X(t)I - (~X-1)Z[~ar~{z(t)}

So the conditional variance of the difference in X between two points in time is decreasing

in ~X: changes in the productivity of research workers become more predictable when

shocks to their productivity are more persistent. Therefore, the variance tetm VZ is a

decreasing function of the persistence parameter ~x.

St.dev. of stochastic process ("Io)

Note: The growth-premium (in qo-point) is measured on the vertical axis; the standard deviation
of the imposed exogenous stochastic process ax (in qo) is on the horizontal axis; the
persistence parameter ~X runs from 0.1 to 0.5.

Figure 3.4: Interaction between economic growth and business cycles
when shocks hit the learning sector only.
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3.5 On welfare gains of eliminating business cycle variability

An important topic in business cycle research is how detrimental income uncertainty is for

a nation's welfare, since such an evaluation of the welfare costs of business cycles would

reflect (an upperbound of) the social benefits to be expected from government policies

aimed at smoothing cyclical income movements. In his seminal work on business cycles,

Lucas finds that the welfare costs of business cycles are typically small: "eliminating

aggregate consumption variability of this magnitude entirely, would [...] be the equivalent

in utility terms of an increase in average consumption of something less than one tenth of

a percentage point" (pp.27, Lucas 1987). In related work, Atkeson and Phelan (1994)

calculate the costs of business cycles in an economy with incomplete markets for insuring

individual income risk to be something like 0.02 q of aggregate consumption." This

small number brings them to the conclusion that "the potential welfare gains from

countercyclical policy are essentially zero" (pp.189).

Welfare costs of business cycles might be underestimated because of the assumpti-

on of stationary consumption streams. Allowing for a unit root in the stochastic process

for log consumption, Obstfeld (1994) recalculates the welfare cost of business cycles. His

results suggest that welfare losses to society are substantially higher, typically in the order

of magnitude of 0.2 q. Non-stationarity of the consumption stream also prevails in the

dynamic stochastic model of endogenous growth constructed in this chapter. Doing a

similar type of welfare study in the context of the model from this chaper is more

complicated, since the stochastic process for log consumption is not a simple martingale

as in Obstfeld. Furthermore, after eliminating business cycle risk the two-sector economy

will go through a transition period before settling down on the new balanced growth path.

This complicates matters even further.

A first experimental design to evaluate the welfare cost of business cycle

fluctuations is to compare expected lifetime utility of a representative agent living in the

stochastic economy to lifetime utility of an agent in a deterministic economy without

exogenous productivity disturbances. However, comparability requires initial endowments

" However, Ímrohoroglu (1989) finds much larger costs of business cycles in a model with
labour indivisibilities and liquidity constraints.
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K(0) and H(0) to be equal in both economies. As we have seen, the human-to-physical

capital ratio along a balanced growth path will increase in a stochastic economy compared

to a deterministic setting since agents speed up the accumulation of human capital as a

hedge against future income uncertainty. An appropriate experimental set-up should take

account of this imbalance between the human-to-physical capital ratio in both economies.

Let us therefore consider an experiment in which we compare expected lifetime utility of

a representative agent living in the stochastic economy to lifetime utility of an agent living

in an economy in which the exogenous stochastic shocks are set to zero from t-0

onwards. This deterministic economy will start with an excessive human-to-physical

capital stock, inherited from its history as a stochastic economy. Therefore, the

deterministic economy will initially go through a transitional dynamic period to run down

the precautionary human capital stock before arriving at its deterministic balanced growth

path.

To finish the description of our experimental design, one additional comment

needs to be made. In section 3.2 we saw that the presence of uncertainty increases the

unconditiona! average of X by a factor aX212, since

E[x(ttl)Ix(t)] - x'-~zX(t)~xE[eEx~tal~~ - x' ~xx(t)~xE~e xn~.

To assure that the unconditional mean value of X in the stochastic economy is identical to

X in the deterministic setting, we have to use X-'hax2 instead of X. The expected average

value of X is thereby exactly equal in both economies. Similarly, to assure that the

unconditional mean value of A in the stochastic economy is identical to A in the

deterministic setting, we use A-'ho,,2 instead of A.

We resort to numerical simulations since our experimental design does not allow

for an analytical solution. Running 100 experiments of 400 periods yields the following

results. When account is taken of the interaction between the model's general equilibrium

and the cycle, welfaze gains (measured in units of a permanent percentage increase in

consumption) from eliminating business cycle volatility are about 0.12qo. At the

beginning of the experiment, the state variable h(0)-6.26q, capturing the deviation in h'

in the stochastic equilibrium compared to the deterministic outcome. In other words, the

economy is passing through a transition period before settling down in the new
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equilibrium. These transition dynamics are merely responsible for the beneficial effects of

a policy that eliminates business cycle fluctuations. The general equilibium effects

associated with business cycle fluctuations will no longer exist when the stochastic

exogenous disturbances are eliminated. After elimination of the technology shocks, agents

face an excessive stock of human capital which they will decrease by increasing their

consumption possibilities until the economy settles down on a deterministic balanced

growth path. Thus, to wind up this section, welfare gains from eliminating cyclical

variability in the present model are relatively high, since people run down the "precautio-

nary" stock of human capital by increasing consumption in the short term.

3.6 Endogenous labour supply

In the prior analysis it has been assumed that labour supply is exogenous, implying that

labour movements along the cycle are entirely between the production sector and the

research sector. This is an unrealistic assumption: cyclical fluctuations in employment are

quite large in reality. In this section we account for employment variations along business

cycles by introducing endogenous labour supply. Let us assume that people are indifferent

between working in the production sector and the research sector, but they dislike to

supply labour time. Denoting leisure time by 1(t) and normalizing the total endowment of

time to unity, labour time 1-l(t) can be divided into production time u(t) and leatning time

1-u(t)-1(t). We assume a Cobb-Douglas form of the intratemporal utility function,

changing the social planner's objective function to

U - Ef~ a`[~1nC(t)t(1-~)lnl(t)lJ
L~-o

(3.6')

where, in order to find an interior solution, the relative rate of risk aversion is set at

unity. Parameter OG~G1 (1-~) measures the relative weight that is attributed to con-

sumption (leisure). The only other equation from the basic model that needs modification

in case of endogenous labour supply is the accumulation function of human capital. Eq.

3.4 changes into
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H(t) - H(t-1)(X(t)I1-u(t)-l(t)] t1-8y). (3.4')

Solving the model proceeds in a similar fashion as in section 3.2. The first order

conditions for consumption and leisure take the form

C(t)

- p(t)H(t-1)X(t).

(3.7')

(3.21)

In words, condition 3.21 equalizes the marginal benefit of an additional unit of leisure to

the marginal cost in terms of decreased accumulation of human capital. Combining

conditions 3.7', 3.21, and 3.8 yields the following relation between leisure time,

production time, and savings

1-~ ~ 1-a
!(t) - u(t) 1-s(t) ~

The evolution of Lagrange multiplier ~, is described by

(3.22)

W(t)-aE~~(ttl)(1-a)Y(t}1)tW(t}1)(x(t}1)[1-u(ttl)-I(ttl)]fl-Sy~l (3.10')
H(t) J

It can easily be shown that along the balanced growth path the model's variables satisfy

s. - a(C-Xl `); u' - 1-~ t 8K-aH; c' -~-~t~l-l 1xl ~;~r -Xl' x x a a

y' -~ á!~; h' -~~áAl i 1 ' la~l -Z t aK-gH J t; 8r -~-Xl `-S
x x K

This solution is intuitive: introducing leisure time in the agent's decision problem lowers

output per unit of physical capital and thereby the incentive to save; it leaves the

expression for the optimal allocation of workers to the production sector unaffected; it

lowers the ratio of human to physical capital, consumption to physical capital, and the

rate of economic growth. The optimal fraction of leisure time follows from
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z
-azt az-4ata3

lt~ - 2a t
a, - (a-1)~Xz ; az - (1-a)~XV~ }X(1-a); a3 - a~-tlr.

(1-~)(X-{tÓK-Sy) (1-~)(X-{tSK-SH)

To rule out complex solutions, we assume the discriminant azz-4a,a3 to be nonnegative.1z

To assure nonnegative savings, we impose the constraint l' ~~~X. Also, because of the

time constraint, it must be the case that 1-u-1?0.

We solve a similar fixed point problem as in section 3.4. The relative weight of

consumption (~) is set at 0.2242 in order to replicate leisure demand to be equal to 71 qo

in the deterministic economy. The transformation rate of research time into human capital

accumulation (X) is set at 0.2389 in order to reproduce the observation that about 17 q of

the total time endowment is allocated to market activity. The observed numbers for

production time and leisure time are taken from Jones, Manuelli and Rossi (1993). In

Table 3.4 we present the numerical solution for this model. As before we find that the

variance term showing up in the Euler equation determining the accumulation of human

capital is about 0.005. But the model with elastic labour supply predicts a much stronger

interaction between economic growth and the cycle: the presence of business cycle

fluctuations now increases growth from 1.35 q in the deterministic economy to 2.97 q in

a stochastic environment." Interestingly, these quantitative implications for the model

with elastic labour supply roughly correspond to the findings by Kormendi and Meguire

(1985) and Grier and Tullock (1989). The standard deviation for the rate of economic

'Z When the discriminant is negative, the solution for the optimal fraction of leisure time can
be rewritten to

-az t i ~~4a ~ a~ -az

2a~ .

where i-~(-1). In that case, the optimal fraction of leisure time might show oscillating
patterns over time. This issue is left for future research.

13 This change in the magnitude of the interaction is due to the change in the
parameterization of the model: the transformation rate of research time into human capital
accumulation is set at a higher value since (because of leisure time) there is less time
available to learn.
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growth in the artificial economy is 3.23qo; the empirical estimates of Kormendi and

Meguire suggest that this would increase mean economic growth by something like 1.6q-

point. The model with elastic labour supply roughly replicates this finding. This fit of the

model to the findings by Kormendi and Meguire also motivates our choice to set the

persistence parameter of shocks to the learning sector at 0.2.

To assess whether this extended two-sector model can explain employment

variability along the cycle, we again compare artificially generated data with the post-war

U.S. experience. Running 100 experiments over 100 periods, we find that the standard

deviation of hours devoted to market activity is equal to 1.12qo", and its correlation

with output is 0.61. Employment fluctuations in the artificial economy fail to accurately

replicate the actual U.S. experience (cf. Table 3.3). Both the standard deviation and the

correlation of output for the artificially generated series are below their actually observed

values of 0.0160 and 0.856, respectively. This failure in explaining labour market

fluctuations seems common to the RBC literature (cf. Christiano and Eichenbaum 1992).

Endogenous labour supply

C(q) 65.3

s'(qo) 24.7

u'(olo) 16.0

c' 0.27

y' 0.36

h' 1.28

gY (olo) 2.96

V, 0

VZ
( x 10-')

50

Note: The relative weight of consumption (~) is set at 0.2242 in order to replicate leisure
demand to be equal to 71 q in the deterministic economy. The transformation rate of
research time into human capital accumulation (X) is set at 0.2389 in order to reproduce
the observation that about 17q of the total time endowment is allocated to market activity
in the deterministic economy.

Table 3.4: Endogenous labour supply.

" In Appendix II we develop a procedure to calculate this unconditional variance as a
subroutine in the MATLAB programs.
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3.7 Externalities

Chapter 3

In the basic model from section 3.2 it has been assumed that human capital is a purely

private commodity in the sense that an individual's human capital only affects his own

productivity. However, it is often emphasized that learning is a social activity, involving

groups of people. To fonmalize these human interactions, we follow Lucas (1988) and

assume that human capital also contributes to factor productivity through an external

effect. In particular, the average stock of human capital, defined by

fHL(H)dH
H - o

a

fL(H)dH
0

where L(H) is the mass of workers with skill level H, affects factor productivity favoura-

bly. The production function is now given by

Y(t) - A(t)K(t-1)a[u(t)H(t-1)]'-aHa(t-1)r (3.1')

The term Har captures the external effect of human capital, P? 0. Since we assume that

all workers are identical, the average skill level in the economy is equal to the individual

stock of human capital, i. e. HQ(t) -H(t). In the presence of externalities, the market

outcome is in general not efficient. In our case of an external effect of human capital,

firms do not take account of the complete effect of human capital on total factor producti-

vity when deciding on how much labour to allocate to the research sector. Let us first

analyze the social planner's problem. Such a central decision maker takes account of both

the internal and the external effect of human capital, so that the evolution of p is now

described by

W(t) - aEa~(ttl)(1-at~Y(t}1)tF~(t}1)(X(t}1)~1-u(ttl)]tl-óy~l. (3.10")
` H(t) J

An optimal path is defined as a contingency plan for c(t), s(t), u(t), h(t), HQ(t), and y(t)

that maximizes utility (eq. 3.6), subject to 3.1', 3.7, 3.8, 3.9, 3.10", and the constraint

Ho(t)-H(t). In that case, the balanced growth path is described by
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y'

1-a
r 1-a { 1-a trsK-sHU'-1- -t

8(1-a}1~ 1-atrex

~V}r(x-gH) C}r(x-aH)

a`~} lra(x sy)l.S~ - ,

elVft lra()(-bN)~

1-a
a

x

1-a . . . 1-atP .
~ 8r - e -sIC~ 8r - 8c - gK -

1-a gy.
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In a market economy this external effect of human capital is not internalized by

the agents deciding about the allocation of time across both sectors, i.e. the path of p, is

given by equation 3.10. An equilibrium path is defined as a contingency plan for c(t),

s(t), u(t), h(t), HQ(t), and y(t) that maximizes utility (eq. 3.6), subject to 3.1', 3.7, 3.8,

3.9, and 3.10. The balanced growth path is described by (denoting the market economy

by a hat)

1-a

S. - a~. u~ - 1- 1-a ~} 1-a}raK-aH,-
oyr i-a ti vx x

Y`- á: 8r - é-Sx~ gr - 8c - 8rc - 11 aar8y.

Notice that, since the Euler equations in the market economy with externalities are

identical to those from the basic model, the balanced growth expressions for the savings

rate s` and the output-to-physical capital ratio y` do not change.

The presence of an external effect of human capital creates a wedge between the

balanced growth rate of physical and human capital in both the social planner's economy

and the market economy. However, human capital formation is larger in the former type

of economy since the externality is internalized by the decision maker. Consequently,

economic growth is higher along an optimal path. The wedge between the equilibrium

growth rate of both types of capital causes the ratio of human to physical capital to

decline along a balanced growth path.

Solving the recursive equilibrium laws of motion and the fixed point problem

simultaneously delivers the solution as presented in Table 3.5. Also in the presence of

external effects of human capital, the previous findings about the interaction between

economic growth and the cycle still hold.



92 Chapter 3

External effects of human capital

I' 0.2 0.3 0.4
s'( olo ) 22. 3 22.5 22.6

[22.1] [22.1] [22.1]

u'(olo) 50.1 47.7 45.8
[63.2] [65.2] [66.9]

0.34 0.36 0.38
[0.29] [0.29] [0.29]

y

Bn (~o)

0.43 0.47 0.50
[0.37] [0.37] [0.37]
-0.88 -1.42 -1.99

[-0.53] [-0.71] [-0.85]
gN ("Io ) 2. 82 3 . 03 3.19

[1.69] [1.S1J [1.37]

gy(oIo) 3.70 4.45 5.18
[2.22] [2.22] [2.22]

V, 0
[0]

0 0
[0][0]

YZ 50 50 47
(x10-') [51] [51] [52]

Note: I' represents the external effect of human capital. The table reports the optimal solution (in
a social planner's economy) above the equilibrium solution (in a market economy).

Table 3.5: External effects of human capital.

3.8 Evaluation and conclusion

This chapter analyzed the impact of cyclical volatility on endogenous growth. By

constructing a stochastic version of the two-sector learning-or-doing model of endogenous

growth, we have shown that economic growth is higher in the presence of business cycles

since people devote more time to learning activities in an uncertain economic environ-

ment. Thus, the transmission channel of the interaction between economic growth and

business cycles is here not an acceleration in the accumulation of physical capital, but

instead an increase in the accumulation of human capital. The model predicts a strong

interdependency between growth and cycles. We found that economic growth increases by

about 0.16q-point as a result of observed business cycle variability.
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The analysis presented in this chapter can be extended in several directions. In this

chapter we assumed that formation of human capital takes place in the learning sector.

More employees need to be allocated to the research sector in order to increase the

accumulation of human capital. There are several other ways to model the process of

knowledge creation. Human capital formation through learning-on-the-job or learning-by-

doing, for instance, has received considerable attention in the literature (cf. Arrow 1962,

Lucas 1993, Young 1991). The idea is that human capital is a by-product of production

activity; more (less) human capital is created in expansions (recessions). One way to

analyze the interaction between economic growth and business cycles is to endogenize

labour supply. In this context the relevant question would be: do people supply more

labour time in an uncertain economic environment in order to hedge against bad draws of

income via increased accumulation of human capital and higher economic growth?

Another interesting extension of the analysis in this chapter is to assume that both

physical and human capital are involved in the technology to build human capital, along

the lines of Rebelo (1991), Mulligan and Sala-i-Martin (1993), and Bond, Wang and Yip

(1996). A difficulty with this extension is that no closed-form solutions for the balanced

growth path can be obtained. Since physical capital now enters as a productive input in

the learning technology, business cycle variability might now also increase precautionary

investments in physical capital. These issues are left for future research.
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Appendix I: Computational details.

In this appendix we describe the solution procedure. First we derive a loglinear approximation of
the model around the balanced growth path, thereby transfotming the model into a system of
linear (expectational) difference equations. This linear system is then solved by using the method
of undeterrnined coefficients.

Exploiting e.g. y(t)-y'e~"'-y'(lfy(t)), transforms the production function ( eq. 3.1), the
human capital accumulation function ( eq. 3.4), the savings rate, and the two Euler equations (eqs.
3.11, 3.14) into

y(t) - À(t)t(1-a)[u(t)th(t-1)]

h(t) - h(t-1)-s'y'[s(t)tY(t)]-xu"u(t)t(x-xu")X(t)

(A1)

s(t) : 1-s'[3'(t)-~(t)l (A3)
s'

0 - E~{6[c(t)-c(ttl)]-6s'y'[s(t)ty(t)]tay'y(ttl)}

0 - E~{6[e(t)-c(ttl)]t(1-0)s'y'(s(t)ty(t)]ty(ttl)-y(t)t

(1 txu')u(t)-u(ttl)t(1 txu'-x)z(t)t(x-1)z(ttl)}.

(A4)

(AS)

For further details on how to obtain such approximations, see Uhlig (1995).
We proceed by writing eqs. A1-AS and the two exogenous stochastic processes eqs. 3.2

and 3.5 (in loglinear form) in matrix notation to:

O - SZAK(t)t~BK(t-1)tS2~.Ji(t)tfjpT(t)

~ - E~[íZFK(ttl)t~GK(t)t~HK(t-I)t~~?r(ttl)t

~x7[(L) tS~L2(tt1)t~ryT(t)]

(A6)

(A7)

T(ttI) - ~NT(t)tE(ttI) (AÓ)

K(t) is the endogenous state vector, ~r(t) is a vector of other endogenous variables, r(t) is a vector
of exogenous stochastic processes, E(tf 1)-[E~(tt 1) EX(tt 1)]', and St,,,...,ON are matrices.



Business Cycles in a Two-Sector Model of Endogenous Growth 95

We want to find the recursive equilibrium laws of motion

x(t) - f2Px(t-1)}f1Qz(t) (A9)

a(t) - t1RK(t-I)t~ST(t) (AI~)

where the elements in fIP,...,fls are the partial elasticities we are looking for. In this notation, the
method in Uhlig (1995) can directly be applied to get an approximate analytica[ solution. The
solution procedure to solve this system is based on the following theorem.

Theorem (Uhlig, 1995)
If there is a recursive equilibrium law of motion solving equations A6, A7, and A8, then the
coefficient matrices can be found as follows. Let SE~' be the pseudo-inverse of t2~. Let SI~ be an
(P-n) x P ma[rix, whose rows form a basis of the null space of ft~'.

1. ftP satisfies the (matrix) quadratic equations

~ - ~C~A~P}~C~B

0 - (C2F-i~~f2cLàA)flP-(f2~C2cf1B-f)otf2xC2cClA)f~P-flKflcfle}nx

The equilibrium described by the recursive equilibrium law of motion A9, A10,
and by A8 is stable iff ail eigenvalues of SIP are smaller than unity in absolute
value.

2. fIR is given by

~R - -~C(~A~pt~B)

3. Given SIP and fIR, let f2,, be the matrix

~l~~A ~!~~C

II~ - f1N~f1Pti2l~(f1Pi2Pti]~f~Rtïà~) IIN~f~J}Cll~f~K

where sZ, is the identity matrix of size k xk(k is the number of exogenous
stochastic processes). If the matrix fE,, is invertible, then

vec(Ll~ vec(fl~
t

vec(fls) - - ~v vec(f1tf2NtAM)

where vec(.) denotes columnwise vectorization.

For technical details and a proof of the theorem, see Uhlig (1995). Details on matrix algebra can
be found in Strang (1988).
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To perform the computations in this chapter, we have used the MATLAB programs
available in Uhlig (1995) at the Federal Reserve Bank of Minneapolis web site,
http:~lres.mpls.frb.fed.uslresearchlres.html. The programs can be found under the "Archive of
Paper" and "Discussion Papers from the Institute for Empirical Macroeconomics", Discussion
Paper 101.

Next we provide details about the input format that was used to run this MATLAB
program. Since this program calculates variance-covariance matrices - and we need to know the
variances that show up in the Euler equations - we have chosen the following input structure.
K(t)' -[h(t) u(t) y(t) e(t) s(t)] is the endogenous state vector. Since h(t) is the only state variable,
the ilP matrix should be a null matriz except for the first column (which indeed turns out to be the
case). a(t)' -[p(t) q(t)] is a vector of other endogenous variables, r(t)' -[Á(t) X(t)] is a vector of
exogenous stochastic processes. We introduce the following auxiliary variables:

p(t) - 6[é(t-1)-é(t)]-6s'y'[s(t-1)ty(t-1)]tay'y(t)

q(t) - 6[c(t-1)-c(t)]t(1-6)s`y'[s(t-1)ty(t-1)]ty(t)-y(t-1)}
(1 txu')u(c-1)-u(t)t(1 txu'-x)z(t-1)t(x-1)z(t).

So p(t) and g(t) are the loglinear Euler equations, lagged by one period. From the loglinearized
model and the vector definitions we find the following matrix-structure:

0 1-a -1 0 0

-i -xu' -s'y' o -s'y"

0 0 1-s' - I-s' -I
S` S'

0 0 ay " -6 0

o -1 1 -e o

1-a 0 0 0 0

1 0 0 0 0

0 0 0 0 0

0 0 -As'y' e -es'y'
0 ltxu' (1-8)s'y'-1 8 (1-8)s'y'
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0 0
0 0
0 0
-1 0
0 -1

0 1}x"w-x} -1x~ X

~ 1[1 OJ

Furthermore, f2F is a 2 x 5 null matrix, it~ is a 2 x 5 null matrix, f2N is a 2 x5 null matrix, f1K is a
2 x2 null matrix, St~ is a 2 x 2 null matrix, and f2M is a 2 x 2 null matrix. A complication in the
solution procedure is that the MATLAB program needs to know the variance terms V,, VZ in
advance. An iteration procedure is used. The program performs the calculations for any arbitrary
values for V, and Vz. The solution, i.e. a set of matrices that contain the partial elasticities of the
recursive equilibrium laws of motion, is used to calculate variance-covariance matrices. It thereby
can be checked whether the imposed value of V, and Vz is consistent with the actual value. [f not,
the program changes the imposed values until imposed and actual values are (approximately)
identical. Usually, only few iterations suffice to achieve convergence.

Recall from eqs. 3.11, 3.14 that V, and VZ are conditional variances. Therefore, by
defintion, we have V,-V,[p(tf 1)] and V~-V,[q(tf 1)]. To calculate V,, we propose the following
procedure. The recursive equilibrium law of motion for p(t-f-1) is given by

P(t}1) - ~R(1,:)K(t)t~s(1,-)i(t}1),

where S2R(1,:) is the first row of matrix S1R ( that is, f1R(1,:) are the elements from matrix S1R pertai-
ning to p(tf 1)). The variance ofp(tf 1), conditional on information up to time t is defined by

v,[P(ttl)l - E~[{P(ttl)-E~~P(ttl)112~.

Denote the term on the RHS between accolades, the surprise in p(tf 1) conditional on infortnation
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up to time t, as EP(t-~ I). Substitution of the recursive equilibrium law of motion for p(tt 1) into
the tetm on the RHS between accolades yields

Ep(ttI) - f2R(I,:)K(t)}AS(I,:)t(tt1)-Er[L1R(I,:)K(t)}C2S(I,:)T(t}I)].

Ep(ttI) - ~S(I,:)[T(t}I)-E~[Títtl)]].

Since r(tf 1)-fIN-r(t)tE(tf 1), we thus find Ep(tf 1)-SI,(1,:)E(tf I).
From E,[EO(tf 1)Z]-E,[EO(tf l)EO(tt 1)']-E,[it~(tt 1)E(tt 1)'ns'] it follows that

Vt - V~[P(tt1)] - ~S(I,:)~E~S(I,:)~,

where it,-E,[E(tf I)E(tf I)']. Similarly, one can derive that

v2 - v~[4(t}I)] - ns(2,:)nEns(2,:)'.

Now we can readily calculate V~ and VZ in MATLAB.

Appendix II: Calculation of the unconditional variance of l.

In this appendix we derive an expression for the unconditional variance of leisure time. We add
l(t) as an additional endogenous variable to the computational procedure described in Appendix I.
That is, a(t)'-[p(t) q(t) 1(t)]. (Some matrices need a slight modification.) The recursive
equilibrium law of motion for 1(t) is given by

~(t) - !ZR(3,:)K(t-I)tlZS(3,:)T(t).

The unconditional variance of l(t) is given by

V[Í(t)] - E[l'(t)Z] - E[i~R(3,:)x(t-I)x(t-1)'nR(3,:)~}E[t1R(3,:)x(t-1)T(t)'Lls(3,:)`]}
E[t~s(3,:) T(t)K(t-1)'t1R~ tE[ fls(3,:) T(t) T(t)'fls(3,:)~.

Define SI~,-E[K(t)K(t)'], fI~-E[K(t-1)r(t)'], and SI„-E[r(t)r(t)']. The previous expression thus
rewrites to

v[n - ~x(3~:)n~~R(3~:)~}na(3~:)~~t~s(3~~)~}ns(3~:)~K~~~R(3~:)~tns(3~:)~~~~s(3~~)~.

Next we want to obtain expressions for flwK, n,,, and n,,. Firstly, we write th, to

~KS - E[K(t-I)T(t)`~ - E[K(f-I)T(t-I)~N] - E[K(t)T(t)7RN -

E[LIPK(t-I)T(t)~AN tE[flQt(t)T(t)~L2N.

Or,
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, ,
~Kt - ~P~ KT aN t Q ss N'

Secondly, we write f2R, to

Si~ - E[K(t)K(t)~ - tàPE[K(t-1)K(t-1)~S2P f~~i[K(t-I)T(t)7lZQ t

n~.[t(t)K(t-I)~]~P t~~i[T(l)T(i)7iiQ.

~KK - ~P~KK~P }~P~KT~Q }~Q~ICS,~P }~Q~L[~Q,

Finally, from r(t)-ftNr(t-1)te(t) and f2„-E['r(t)'r(t)'] we find

s]tt - nNntLi~N ti~E.

To solve for f2,,, we proceed by considering a columnwise vectorization of S2„-51,~,á2„StN't!1„ viz.

VCC(iitT) - VeC(á~N~zS~N)tVeC(!~E).

From matrix algebra we use that vec(St,,,SEnSIN') -(f1N~ SIN)vec(n„). Hence, it is easy to see that
(n~fJN~f1N)vec(S2„)-vec(S2,), or

VCC(~tt) - (Ca~-SZ~,~S~N) tVCC(IIE).

By rewriting vec(ft„) to matrix notation we obtain an expression for fE,,. In a similar fashion we
obtain:

vec(nK~) - (n,-s~P~nN)-1(nQ~s~N)~tt

vec(Cl,~) - (Cl~-i1P~l;1P)'[(C1P~tl~vecflKT}(f~Q~L2P)vec(S2KT')t(l~Q~i2~vec(f1zT)]

After reshaping back to matrix format, the expressions for SZFK, i1t„ and iZ„ are substituted into the
formula for V[!]. This is the expression for the unconditional variance of l we were looking for.

The MATLAB command for ~ is kron, e.g. itP~itP becomes kron(S2P,S2P); the MATLAB
command for vec is : , e.g. vec(nP) becomes ft~(:).
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Chapter 4

GROWTH AND THE CYCLE: CREATIVE

DESTRUCTION VERSUS ENTRENCHMENTI

Newly established finn.s often try to secure their market position by building up
a base of loyal customers. While recessions may not destroy technological
leadership, they may be harmful for such firm-customer relationships. Without
such customer bases, these firms find themselves more vulnerable to attacks by
competitors. We formulate this idea within an Aghion-Howitt-type model of
creative destruction and discuss its implications for growth. In the context of
this model, recessions might be good for growth since they weaken the incum-
bent firm's position, and thereby stimulate research by outside firms. The model
allows for the extreme case where the leading firm can be so entrenched that
growth ceases, unless a recession shakes up its customer base. We find a one-
to-one relationship between the average growth rate and the cyclical variability,
a U-shaped relationship between the average speed of building up good custo-
mer relationships and the average growth rate, and a positive relationship
between the arrival rate of recessions and average growth. It is finally shown
that an appropriate stochastic tax program can implement the social planner's
solution. In some cases, general equilibrium effects may generate interesting
results, conflicting with intuition from a partial equilibrium approach: we show
that, in some cases, a government might want to subsidize research in order to
discourage it.

4.1 Introduction

Technological breakthroughs are often not enough to strongly establish a firm in the

market. It also needs further marginal improvements of the product according to customer

needs, or to build up consumer recognition to secure its position. Building up such a

position takes time. And while recessions may not destroy technological breakthroughs,

they may be seen as disrupting such firm-customer relationships. Thus, firms who have

~ This chapter is a joint project with Harald Uhlig. Suggestions from Henri de Groot, Jos
Jansen and participants of the ENTER Jamboree, Tilburg January 1997, are greatfully
acknowledged.
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not yet built such relationships or whose relationships have gotten destroyed in a

recession, find themselves more vulnerable to attacks by competitors than those that did.

We formulate this idea within an Aghion-Howitt-type model of creative destruction (see

Aghion and Howitt, 1992) and study its implications for growth. In particular, if the lead

firm lacks an established position, the competitors' incentives for attacks are increased,

leading to higher RBcD efforts on their part in the hope of leapfrogging the leader. Thus,

in this model, recessions are actually good for growth, since they encourage new creative

destruction. Booms and established market leads, on the other hand, can in the extreme

completely eliminate all desire for RBr.D, leading to complete entrenchment of the leader

and to a stand-still in growth, until the next recession destroys the secure market lead.

This chapter fits within the literature on creative destruction, initiated by Schumpe-

ter (1942), and more recently by Segerstrom, Anant, and Dinopoulos (1990) and Aghion

and Howitt (1992).Z The contribution of this chapter is that we distinguish fundamental

innovations leading to creative destruction from marginal innovations that slow down the

process of creative destruction. The marginal innovations in our model capture the build-

up of a well-functioning firm-customer relationship. Strong market leaders with a loyal

customer base can - at least partially - insulate themselves from the threat of leapfrogging

by potential entrants. Secondly, along the lines of Caballero and Hammour (1994), we

analyze the cleansing effect of recessions by assuming that established firm-customer

relationships will be destroyed in a recession. In order to keep the analysis analytically

tractable, we assume that marginal innovations and recessions are exogenous stochastic

events. The intermediate firm cannot influence the probability of achieving a strong

customer base. Likewise, recessions are interpreted as sudden disruptions of such loyal

customer bases.

Related ideas have received some attention in the recent literature. Cheng and

Dinopoulos (1993) construct a model of Schumpeterian growth driven by asymmetric

technological opportunities in the form of high-cost high-quality breakthroughs and low-

cost low-quality improvements. They assume that each product generation starts with a

quality breakthrough, followed by a single improvement. The pattern of growth and

fluctuations can then be described as a stationary market equilibrium in which RBcD races

2 An overview of Schumpeterian growth theory can be found in Dinoupolos (1996).
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alternate between a breakthrough and an improvement. Stein (1997) develops a model of

creative destruction in which firms compete on product quality and on distribution costs.

A firm's innovation in product quality ultimately spills over to new firms, whereas

distribution costs are taken to be firm-specific: incumbent firms have an advantage over

their potential competitors when they can reduce distribution costs through loyalty of their

customers. Li (1996) analyzes an RBcD-based growth model where the heterogeneous

nature of technical progress is captured by distinguishing between fundamental and

secondary innovations. Jovanovic and Rob (1990) explore the link between long-run

productivity growth and the length and amplitude of business cycle fluctuations in the

context of a model that formalizes the distinction between extensive and intensive search.

Extensive search is directed at major breakthroughs, while intensive search aims to refine

such fundamental breakthroughs. Caballero and Hammour (1996) analyze the timing,

pace, and effciency of job creation and destruction resulting from product and process

innovation. While an efficient economy concentrates such job reallocation processes

during recessions (because of the opportunity cost effect), incomplete contracting between

labour and capital as well as transactional difficulties may decouple the synchronized

pattern of creation and destruction, leading to technological "sclerosis". Economic

efficiency can be restored through an appropriate mix of government policies.

In the context of our model, recessions might be good for growth since they

weaken the incumbent firm's position, and thereby stimulate research by outside firms.

The model allows for the extreme case, where the leading firm can be so entrenched that

growth ceases unless a recession shakes up its customer base. We find a one-to-one

relationship between the average growth rate and the cyclical variability, a U-shaped

relationship between the average speed of building up good customer relationships and the

average growth rate, and a positive relationship between the arrival rate of recessions and

average growth. We do not view these claims as immediately testable empirical predicti-

ons of our model, however. Rather we like to think of our model as just analyzing one of

many facets of economic fluctuations in isolation. For the same reason, we have abstained

from attempting a serious calibration exercise. In our view, such a calibration exercise

can only be done on the basis of a more complete, but thus also more complicated

analysis of all the facets involved. We proceed along the following lines. Section 4.2

introduces the model, derives optimality conditions, and describes the equilibrium
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solution. Some interesting numerical examples are discussed in section 4.3 to describe

some special features of the model. In particular, we study the possibiliry of entrench-

ment: strong market leaders can in the extreme completely eliminate incentives to carry

out RBrD by potential competitors, leading to complete entrenchment in the market and to

a stand-still in economic growth. The model's implications for growth and the business

cycle are more elaborately discussed in section 4.4. Out-of-equilibrium dynamics will be

considered in section 4.5. Since the equilibrium solution of the model is not an efficient

solution, we will investigate the policy selected by a benevolent social planner in section

4.6. In section 4.7 it is shown that an appropriate stochastic tax program can implement

the social planner's solution. In some cases, general equilibrium effects may generate

interesting results, conflicting with intuition from a partial equilibrium approach: we show

that, in some cases, a government might want to subsidize research in order to discourage

it. Briefly, the intuition is that the market leader has to pay taxes to finance these research

subsidies. This may lower its value by a substantial amount, so that fitms in the research

sector expect substantially lower gains from innovative activity, and actually decide to

undertake less research activity. If this sounds not yet convincing, we hope that it entices

to read section 4.7 for a more extensive discussion and analysis. Finally, section 4.8

concludes.

4.2 The model

4.2.1 Environment
Consider an economy with three classes of tradeable objects: labour, a consumption good,

and an intermediate good. Time is continuous. All markets are perfectly competitive,

except for the intermediate goods market. The economy is populated with a continuum of

i~nitely-lived, representative agents. These agents choose contingency plans for lifetime

consumption, evaluated at a constant rate of time preference r~ 0 and linear instantaneous

utility. Thus, r is also the rate of interest.

The agents also supply labour. Labour supply is constant, inelastic, and notmali-

zed to unity. Two categories of labour are distinguished: unskilled labour, which can only

be used in the production of the final good which is used for consumption, and skilled

labour, which can be employed in research and in the intermediate sector.
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Production takes place in two sectors: a competitive final goods sector and a

monopolistic intermediate goods sector. Furthermore, there is a sector undertaking

research. A firm in the competitive final goods sector hires unskilled labour m and

purchases the amount x of the intermediate good to produce output y according to (leaving

away the time subscript)

y - A~mlm (4.1)

where F is strictly increasing, strictly concave, and differentiable. The factor Af is the

current productivity of final goods production "embodied" in the intermediate good: more

advanced intermediate goods allow final goods production fitms to produce with higher

total factor productivity. Normalizing the aggregate quantity of unskilled labour to unity,

aggregate production is y-A~(x).

The productivity Af is thus intimately tied to the particular intermediate input x

which is used, and which is sold by a monopoly. Fundamental innovations increase this

productívity by a fixed factor y. Therefore, the time profile of the productivity parameter

is given by

Af - Aoyf y~l (4.2)

f-0,1,2,3,... denotes the fundamental innovation. A fundamental innovation brings about

a new intermediate input allowing firms in the final goods sector to produce more

efficiently. The new intermediate product renders existíng ones obsolete. Thus, funda-

mental innovations replace the existing intermediate fitm by a new monopoly in the now

leading technology : economic growth is driven by creative destruction. It will be

assumed that fundamental innovations occur randomly with Poisson arrival rate M, where

n is the flow of skilled labour used in research. The research sector itself is competitive,

but a successful innovator can protect his fundamental innovation by a patent which he

can use to monopolize the intermediate sector. According to eq. 4.2, the knowledge

incorporated in a new intermediate input ultimately spills over to new firms: innovators

stand on the shoulders of giants.
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The production function of the intermediate good x is linear,

x-BL (4.3)

L is the flow of skilled labour used in the intermediate sector. To capture the idea that an

intermediate firm needs further marginal improvements of the product according to

customer needs, or to build up consumer recognition to secure its position, we introduce

the parameter B. For simplicity, we assume that B can only take two values: BE{S,1}. If

B-S)1, the intermediate firm is a strong market leader, but if B-1 the monopolist is a

weak market leader.

According to eq. 4.3, the strength of the monopolist is reflected in parameter B. It

should however be noted that there is no formal difference between technical improve-

ments in the final goods sector or in the intermediate goods sector. Total factor producti-

vity of the final goods sector is determined by the current technology of the intermediate

monopolist. Thus, the establishment of strong market leadership by the intetmediate

monopolist also translates into increased productivity in final goods production.

Our assumption of a"one intetmediate good economy" is an extreme case. The

opposite extreme would be an economy with many monopolists in different industries.

Fluctuations between weak and strong market leadership at the level of the intermediate

firms will be washed out via the law of large numbers. However, our assumption of one

intermediate monopolist would still be valid when labour movements between sectors are

"slow" .

Newly established firms can secure their market position by building up a base of

loyal customers. Experience from being in the market can turn a weak market leader into

a strong one. We specify this learning-by-doing as an exogenous stochastic Markov

process, where p, is the Poisson arrival rate for a weak monopolist to become strong. To

put it differently, we simply assume that older fitms are more likely to have a loyal

customer base than young ones (ceteris paribus).

While recessions may not destroy technological breakthroughs, they may be seen

as disrupting such firm-customer relationships. The event of a recession will consequently

turn a strong monopolist into a weak one. Specifically, let us assume that the Poisson

arrival rate of a recession is given by v.

It is probably more realistic to assume that the intermediate firm can at least partly
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influence the probabiliry of becoming a strong market leader, e.g. via active marketing

campaigns or through additional investments in the product or its distribution channels.

However, the establishment of a loyal customer base is also likely to be affected by some

randomness. Firms can try to promote their products, but the success or failure of such

conduct is also determined by unpredictable or unexpected factors. In order to keep the

analysis analytically tractable, we take an extreme position and assume that marginal

innovations are purely exogenous stochastic events. The intermediate firm cannot

influence the probability of becoming strong. Likewise, recessions may relate to a broad

range of events, including negative productivity changes, disturbances on the demand

side, or difficulties with regard to market interactions between relevant parties. Our

interpretation of recessions as sudden disruptions of such loyal customer bases is thus one

out of different possibilities.

To rule out the possibility of strategic behaviour, we henceforth assume that y 1 S:

the size of drastic innovations in the productivity of final output is larger than the size of

marginal innovations in the intermediate goods sector from learning-by-doing.

Consider a fitm which has made the f-th innovation. During its lifetime, the

intermediate firm can find itself in two different states. In the first state, the incumbent

firm is a weak market leader. In the second state, the incumbent iirm is strong. After

some random time span, the incumbent monopolist will be superseded by a new interme-

diate firm through the event of the ff 1-th fundamental innovation.

The various transitions across states initiated by fundamental and marginal

innovations can be tabulated as follows. Denoting the state of the f-th intermediate firm

by i and the state of the new firm by j, we have the following transition structure during a

small time interval dt:

f ff 1 transition probability
i-1 -~ j-1 ~nf'~dt
i-2 -~ j-1 ~nfZ~dt

Implicitly, we have assumed the labour input into research to depend only on the index f

of the innovation, i. e. to be constant in the time interval during which the f-th but not the

ff 1-th innovation has been undertaken. In the further analysis we will see that this is

justifiable in equilibrium.

Equivalently, denoting the state of the intermediate firm at t(tfdt) by i ~), we
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have the following transition structure in case of incremental leaps:

t tf dt transition probability
i-1 ~ j-2 pdt
i-2 -~ j-1 vdt

An equilibrium are lists of firm values (Vf'~), research labour ( nf'~), intermediate

goods production (xf`~), intertnediate goods labour (LÍ'~), wages for skilled labour (wf`~),

and profits (af'~) for f-0,1,2,... and i-1,2 so that at each level f and each state i,

(i) the current intetmediate goods monopolist maximizes instantaneous profits, given

wages wÍ'~,

n ~`~ - max A p~ z ~`~ x ~`~ -L ~`~w ~`~! r (i)I l I
(xj`~,Lf`~ sN}

s.t. zf`~ - B ~`~Ll`~

Note that we have substituted in the demand function for the intermediate good

sector, resulting from the final goods production sector.

(ii) The firm value is given by

2 m
Vf`~ - ~ fe -rtnf~Pf~(t~Í)dt,

i-1 r-o

where Pf'~(t,j) is the probability that the current intennediate good monopolist is

still the market leader t time units from now, and is in state j then.

(iii) Given the wage wÍ`~, the competitive RBcD fitms maximize the instantaneous

profits from RócD, calculated as the instantaneous value of a successful innovation

times its instantaneous probability, minus the instantaneous wage costs,

max Vt;~~,nt`~-w~`~nt'~fi i S i
( nj~ZO}

(iv) The market for skilled labour clears,

N - Lj~tnf`~

where N denotes the mass of skilled individuals.
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4.2.2 The maximization problems
Having finished the description of the economy, we now turn to the optimality conditions.

At each instant in time, the monopolist can be in two different states, as described above.

Therefore, two Bellman equations need to be constructed. For instance, when the

intermediate firm is currently in the weak state, it makes the instantaneous profit, af'~.

The probability of still being a monopolist after a small time interval dt has elapsed is

equal to 1-Mf'~dt. Within this interval, the (unconditional) probability of a marginal

innovation is ~dt. By the event of a marginal innovation the monopolist switches to the

second state, and the firm's value is given by Vf2~. With probability 1-pdt-Mft'~dt the firm

dces not make the transition to state 2 during the time interval but is still the market

leader, so that its value is still given by Vf `~. Proceeding along these lines, the Bellman

equations can be written in the form (details can be found in the Technical Appendix)

rt~.njl~t p - p

-v rt~lnf2~tv

(4.4)

Or, abbreviated,

XV-n (4.5)

X is the 2x2 matrix from eq. 4.4, V-[V"~ 1~2~]', and a-[at'~ a~Zt]'.

Consider, next, the research sector. A potential entrant successfully doing research

will start in state 1. The instantaneous expected gain for the f-th innovator when the

current market leader is in state i is thus equal to Vft,t'~Mf`~dté'~`. The instantaneous cost

of doing research is wj`~nf`~dt, where wf`~ denotes the wage of skilled labour. An optimi-

zing RBcD firm chooses nl`~ so as to equalize both terms, taking V and w as given. It

follows that

wt~t z Vti~~, nco z 0
I Itl ~ f

(4.6)

with at least one equality.

Firms in the final goods sector choose xf'~ to maximize profits A1F(xf'~) pf`~xf'~,

taking the relative price of the intermediate good pÍ`~ as given. The first order condition

for firms in the final goods sector is thus given by
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A~.~(x~`~) - Pf~ (4.7)

Consequently, the intermediate firm chooses xf`~ to maximize [A~(xf'~)-wf'~~8~'~]xf`~. The

optimality condition is given by

a~~`~ - B~'~{F~~(x~`~)x~`~tF~(x~`~)}I 1 I l

where wf`~-wf'~1Af is the productivity-adjusted wage.

(4.8)

4.2.3 Stationary equilibrium
In a stationary equilibrium, variables do not depend on the state f. Unless otherwise

indicated, we concentrate in the sequel on interior equilibria, while the situation where no

research is undertaken by outside firms and the incumbent monopolist is en[renched and

completely insulated from creative destruction will be discussed as a special case in

section 4.3 (Example 4). At each instant in time, the economy only needs to decide upon

the allocation of skilled labour between manufacturing and research.

To detennine w~`~, we define V~`~-Vf`~~Af and make use of the following Proposi-

tion:

Proposition 1:
In stationary interior equilibrium it must hold that w~'~-w~2~-w.

Proof:
From eq. 4.6 and the transition structure for fundamental innovations it follows that
wf`~-wf, or w~`~-w. ~

Notice that this proposition only holds for interior equilibria. The proposition says

that the productivity-adjusted wage of skilled labour is constant across both states. That

is, skilled workers do not benefit from marginal innovations within the intermediate firm.

Using a Cobb-Douglas production function, F(x) -xa, we can readily express the

solution in terms of w:
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Z (A t (0 G) (~~
cq a B i-a. t~~ - 1-a w x pt,~ - wx - f wt~~ -, 7[ - á Bt~~ ; - aBt~~
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where ~r~'~-~rj'~~Af and p~`~-pf'~lAf. For the Cobb-Douglas case, we obtain the stationary

equilibria of the model from the following Proposition:

Proposition 2:
There are in general two solutions for w, given by

t-a
2

wt,z - ~t ~~~ a

where a, b, and c are stated in the Technical Appendix.

A proof is given in the Technical Appendix.

4.3 Results

Using the Cobb-Douglas specification, we turn to some numerical examples to illustrate

the stationary equilibrium (or equilibria). As a baseline, we more or less arbitrarily pick

the following values: r-0.1; Ao-B~'~-N-1; B~z~-1.2; a-0.5; ry-1.4; 5-1.2.

Example 1: Aghion-Howitt

We first discuss the model's equilibrium solution in the absence of learning-by-doing and

recessions. By setting ~ and v equal to zero, we effectively are back in the Aghion-Howitt

world. k is set at 0.15. Although the fundamental quadratic from Proposition 2 delivers

two equilibrium values for w, only the "positive" root is economically meaningful (more

precisely, only the "positive" root gives a non-negative research intensity). In this

example, 31 qo of the skilled labour force is engaged in research activity.

Example 2: Learning-by-Doing

Next we allow intermediate firms to strengthen their market position by building up a

base of loyal customers. We pick ~,-0.5 (leaving other parameters equal). That is, we
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allow for the possibility of marginal innovations and assume that marginal leaps are more

likely to take place than fundamental breakthroughs. We find n~'~-0.40 and n~Z~-0.28.

Since n~'~ ) n~2~ and n is positively related to the arrival rate of fundamental innovations,

we can refer to state 1(no marginal innovation) as the "high growth equilibrium" and

state 2(with marginal innovation) as the "low growth equilibrium". To put it differently,

the creation of a loyal customer base by the intermediate firm discourages research

activity by potential entrants, and thereby tends to lower economic growth. What is at

work here, is a substitution effect: an intermediate iirm making the transition to strong

market leadership will set a lower price for its product, so that the final goods sector

increases the demand for these intermediate inputs. The increased marginal product of

workers in producing intermediate goods is not enough to meet the higher demand, so

that more skilled workers need to be allocated to the manufacturing sector. Labour market

clearing is established through reliefing skilled workers from the research sector, since

the expected pay-off from RBZD activity falls.

Example 3: Learning-by-Doing and Recessions

In the third example, we consider the possibility that strong firm-customer relationships

are destroyed in a recession. The flow probability of recessions, v, is set at 0.2. With

these parameter values, we have assumed that agents expect recessions to take place less

often than marginal innovations, but more frequent than fundamental innovations. In

equilibrium we have n"'-0.38 and n~2~-0.26. Although the introduction of recessions

tends to reduce research intensity in both states of the economy, one cannot immediately

assess the overall effect on economic growth. To see this, realize that in the presence of

recessions the economy will spend more time in the high growth equilibrium. We will

discuss the relationship between growth and recessions in greater depth in section 4.4

below.

Example 4: Entrenchment

We finally turn to the possibility of entrenchment: strong market leaders might completely

eliminate all desire for RBcD, leading to complete insulation of the incumbent monopolist

from the process of creative destruction and to a stand-still in growth. Such a scenario

will emerge from our model when (for instance) fundamental innovations occur less
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frequent. For 1`-0.08 (and ~-0.5, v-0.2) we have the knife-edge case and find

n~'~-0.17 and n~z~-0. Marginal innovations lead to a stop of research activity and

economic growth. Only the extricating event of a recession can bring the economy out of

such a"no-growth trap" back to a process where firms try to leapfrog each other.

4.4 Economic growth and the cycle

We will now discuss the model's implications for economic growth and the cycle. In

order to calculate the average growth rate in the economy, we need to find the expected

fraction of time that the economy spends in each state. From a society's perspective, we

have the following transition scheme between both states during a small time interval dt:

ttdt transition probability
j-1 1-~,dt
j-2 ~dt

~
~
~
~

j-1
j-2

(v -~ ~rt~z~)dt
(1-(v -~ ~rt~z~))dt

To see this, consider first an intermediate monopolist which is currently in state 1. With

probability ~rt~'~dt this monopolist will be superseded by a new intermediate firm through

the event of a fundamental innovation during that time interval. This new intetmediate

firm will start operation in state 1. A monopolist currently in state 1 will make the

transition to state 2 during dt with probability p,dt. Thus, an incumbent iirm which is in

state 1 will maintain its current position during some small time span dt with probability

1-Mt'~dt-pdt. From a society's perspective, we thus find that the probability of the

economy still being in the first state after dt has elapsed is equal to 1-~dt whereas with

probability pdt the economy has moved to the second state. Likewise, consider an

intermediate monopolist which is currently in state 2. With probability ~ntz~dt this

monopolist will be replaced by a new intermediate firm through the event of a fundamen-

tal innovation during that time span. Again, this new intermediate firm will start operation

in state 1. A monopolist currently in state 2 will face a recession and fall back to state 1

during dt with probability vdt. Consequently, an incumbent firm which is in state 2 will

maintain its current position during a small time span dt with probability 1-M~Z~dt-vdt.

From a society's perspective, we thus find that the probability of the economy still being

in the second state after dt has elapsed is equal to 1-M~z~dt-vdt whereas with probability



116 Chapter 4

vdtf~n~z~dt the economy has moved back to the first state.

Denoting the stationary probability that the firm is in state i by q~'~ and using that

q'z'-1-q"~, we have in stationary flow q11-q"~(1-p,dt)f(1-q"~(vfM'z')dt, or

qtl~ - v }~n~z~ ~ qt2~ - p (4.9)
{~tvt~.n~z~~ ~tvt,lntz~

Naturally, the firm will never become a strong market leader when p-0. In Aghion and
Howitt (1992) the average growth rate in the economy equals ~.n.ln(y), where A.n is the

arrival rate of fundamental innovatíons. A similar expression can easily be derived by

weighting the research intensity in each state, n~" and n~Z~, by the expected fraction of

time that the economy spends in each state, determined by eq. 4.9. The average growth

rate (AGR) is thus found to be given by

vn~l~t~lnci~ncz)t ncz~
AGR - 1` ~.1nY (4.10)

p tv t~.n~z~

Following a similar methodology, the variance of the rate of economic growth (VGR) can

be expressed as

VGR - vn~i~t~.n~'~n~z~t n~zj~, lnp ( Y)z
~ tv t~lntz~

(4.11)

The ratio of AGR over VGR is constant and equal to l~lny: the average growth rate and

the variance of the economy's growth rate are thus related in a linear fashion. Empirical

evidence of such positive interaction between economic growth and the cycle is documen-

ted by Kormendi and Meguire (1985), and Grier and Tullock (1989).

Having determined the economy's average growth rate and cyclical variability, we
next turn to an evaluation of the effect of learning-by-doing and recessions on this growth
rate. First we vary the speed ~ of a marginal innovation, i. e. the effect of learning-by-
doing, within the closed unit interval and study its implications for growth and research in
Figure 4.1. Panel (a) shows a kind of U-shaped relation between the economy's average
growth rate and the flow probability of marginal innovations: an increase in p will tend to
lower economic growth when firms need a relatively long time to learn about their
customers' needs, whereas an opposite relation is found when fitms learn fast. Panel (b)

and (c) of Figure 4.1 explain the intuition behind this result. A strong market leader
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discourages RBcD activity by potential entrants by increasing its expected lifetime. As ~ is

increased, firms tend to spend more time in the strong state, as Panel (c) shows. This

discourages RBtD. Call this the "discouragement-effect". On the other hand, research

intensity nt'~ is a positive function of the flow probability ~, of marginal innovations: the

prospect of being a strong market leader during a larger fraction of its lifetime increases

the expected gains from fundamental innovations, and thereby stimulates research activity.

Let us refer to this as the "reward-effect". Overall, the discouragement-effect dominates

the reward-effect when firms need a long learning period, whereas the opposite holds

when firms learn fast, leading to the observed U-shaped relation between AGR and ~.

We secondly vary the arrival rate of recessions, v, within the closed unit interval

(setting ~-0.5) and study its ímplications for growth and research in Figure 4.2. Panel

(a) shows a positive relation between the economy's average growth rate and this arrival

rate: an increase in v will stimulate economic growth. Panel (b) and (c) again show that a

strong market leader discourages RBzD activity by potential entrants; n~Z~ is smaller than

n~'~ over the whole relevant domain. An increase in the arrival rate of recessions makes it

more likely that the market leader is weak, encouraging RBcD: this is the discouragement-

effect "in reverse". This should increase growth. On the other hand, research activity is a

negative function of the arrival rate of recessions; the intuition being that the prospect of

losing strong market leadership earlier decreases the expected gains from fundamental

innovations. T'his reward-effect "in reverse" decreases growth. Overall, the discourage-

ment effect "in reverse" dominates.
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Panel (c)
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Note: i-1 denotes weak market leadership; i-2 denotes strong market leadership.

Figure 4.1: Effect of learning-by-doing on economic growth and research.
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Figure 4.2: Effect of recessions on economic growth and research.
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4.5 Dynamics

The next step in our analysis is an investigation of the dynamics of our economy. To that

end, we follow Aghion and Howitt (1992) by calculating the marginal cost and marginal

benefit of research activity. For the two equilibria in our economy it should hold that

~(')~~ X i ~(') l (4.12)
~c.)i~~ - - Y[~(.)J

The marginal cost of doing research on the LHS of this expression follows from eq. 4.6,

and the definition of w. The marginal benefit of doing research on the RHS is determined

from eq. 4.4 (dated atff 1), and the definition of ~r.3

Both equilibria are graphically illustrated in Figure 4.3. The marginal cost curves

are denoted by MC and are upward sloping. The downward sloping curves MB represent

marginal benefits from research effort. Point H(igh) [L(ow)] denotes the economy's

equilibrium position when the intermediate firm is in state 1[2]. Since n"~ 1 n~2~, the

probability of fundamental innovations, and thereby the rate of creative desttuction, will
be higher in point H.

Since both recessions and fundamental innovations bring the economy back in state

1, we can consider point H as the attractor of the system. To evaluate the stability of the

attractor we proceed along the following lines. It follows from eq. 4.5 that

V - X-~n (4.13)

Substituting the stationary equilibrium expressions for n~'~ and á~'~ in terms of in'~ into the

latter expression gives

3 Notice that when ~,-v-0 equation 4.12 simplifies to

wí.) - Yní.)
,1 - rt,lnf,t

which is identical to eq. 3.1 in Aghion and Howitt (1992) with a linear research technolo-
gY.
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V"~t - ~(~C`i) (4.14)
V(z~
t

where ~ is a nonlinear function, stated precisely in the Technical Appendix. The steady

state is locally stable, if D~,11.

In the Technical Appendix we calculate that derivative, but it is hard to analyze

analytically. Using parameter values from Example 3, we find D~,-5.97. Thus, for

these parameters, the economic system follows a stable gradual adjustment trajectory,

before settling down in equilibrium.

Marginal cost~benefit

MC

MB

nc2i nai Research, n

Figure 4.3: Dynamics.

4.6 Social planner

The balanced growth rate in a market economy may not be optimal from a society's point

of view because of two external effects and an additional distortion. Firstly, intermediate

firms cannot fully appropriate the rents generated by their fundamental innovations: the
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new technology ultimately spills over to other firms. Because of this intertemporal

spillover effect, research activity and economic growth tend to be too low under laissez

faire. On the other hand, innovating firms do not internalize the destruction of rents from

leapfrogging the incumbent monopolist. This business-stealing effect will tend to

overemphasize the benefits from research. Finally, the intermediate goods producer

chooses its quantity monopolistically, possibly distorting the first best solution. In addition

to these market imperfections, we want to raise the question whether strong firm-

customer relationships are socially desirable or not. As we have seen, the discouragement

effect that strong market leaders exert on potential entrants will lead to less RBr.D activity

in the economy. However, the fact that strong market leaders can appropriate a larger

share of the social value of their innovation since they can partly shelter from the threat

of being leapfrogged by a new entrant, will encourage research activity.

The objective of a social planner is to choose RBcD labour and thus quantities of

the intermediate good in order to maximize the expected present value of consumption,

subject to the constraints of feasibility. The social planner's problem can be written as a

dynamic program, which can be rewritten as (cf. the Technical Appendix)

rf~lnttt(1-Y)tl~ -F~
-v-~.ntztY rt~lnt2ttv

Utt~ F(B~'~(N-ntt~))

Ut2~ - F(Btz~(N-nt2~))
(4.15)

where U'~ is the utility level when the economy is in state i. Compare eq. 4.15 to eq. 4.4

for the firm values in equilibrium. The upper left hand element of the matrix in eq. 4.15

contains the additional term -~nt"y compared to eq. 4.4, reflecting the fact that RBcD is

valuable to the social planner, but not to the existing firm. The same holds true for the

term -~rttZtti in the lower left hand element of that matrix.

Inverting the 2x2 matrix in eq. 4.15, and weighting lifetime utility in each state

by the average fraction of time that the economy will spend in each state (cf. eq. 4.9), we

finally express lifetime utility as

z
U - ~ qt'~Ut`~ - 8(nttt nt2t)~

~-i
(4.16)

where ~ is a function, stated precisely in the Technical Appendix.

An optimizing social planner would select n~`~ such that
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a~ - a~ - o
an~i~ ~cz~

(4.17)

Since we were not able to obtain an equilibrium solution in closed-form, we resort to

numerical simulations to discuss the effect of learning-by-doing and recessions on the

economy's growth rate. The implications for growth and research from variation in p

within the closed unit interval are illustrated in Figure 4.4. Panel (a) shows a positive

relation between the economy's average growth rate and the arrival rate p, of marginal

innovations for values of ~ exceeding (say) 0.1. The intuition behind this result and why

and how it differs from Figure 4.1 can most easily be developed with the help of Panel

(b) and Panel (c) of Figure 4.4. In the second panel we show the optimal research

program that a social planner would implement. It shows that the social planner allocates

less workers to research if the market leader is strong. Intertemporal reallocations of

skilled labour between production and research activities are intensified compared to the

decentralized equilibrium situation. What is at work here, is that the gains related to a

particular state of the economy are optimally used. An economy can better reallocate

skilled workers from production towards research activity when the incumbent monopolist

is weak, in order to fully exploit the temporary lower opportunity costs in tenns of

production forgone. Likewise, during a boom when the market leader is particularly good

at producing intermediate inputs, one can better concentrate efforts in this direction, by

relieving employees from research activity and allocating these workers to the monopolis-

tic firm. Panel (b) also shows that research activity is intensified when ~ is increased: the

prospect of being a strong market leader during a larger fraction of its lifetime increases

the expected gains from fundamental innovations, so that it is optimal to allocate more

labour to research activity. Two additional comments are in order. Firstly, research

activity during periods of strong market leadership is strongly reduced when it takes a

long time to build up such a leading position. When p is in the interval between 0 and

(say) 0.1, all research activity is stopped and there is a stand-still in economic growth

when the market leader is strong. By doing so, a social planner thus chooses to complete-

ly entrench the incumbent monopolist in the market. In the absence of the threat of a

recession, this means ihat the economy will settle down in a no-growth equilibrium and

enjoy permanently well-established market relationships. Secondly, whereas a social
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planner would choose to do more research compared to the decentralized equilibrium

when ihe leading firm is weak, the reverse not necessarily holds true in case of strong

market leadership. A social planner índeed opts for less research compared to a market

economy in state 2 for a wide range of ~, but may increase research activity relative to

the decentralized equilibrium at higher values for ~. The reward-effect is relatively strong

in a social planner's economy with strong market leadership. The third panel shows that

an economy in which a social planner decides upon the optimal allocation of skilled

labour across manufacturing and research activity will spend (approximately) identical

fractions of time in both states as a decentralized economy for the upper range of

investigated values for ~,. For low values of ~c, the strong reduction in research activity in

case of established market leadership actually leads to an increase of the probability of

being in the strong state when p is decreased, before benching down to zero as ~ goes to

zero (this could not be fully illustrated in Figure 4.4 since we concentrate on interior

equilibria only in this section). The implications for average growth are the following.

Without the possibility of learning-by-doing (so that we are back in the Aghion-Howitt

world), we find n~`~-0.33 which is higher than in decentralized equilibrium: the socially

desirable growth rate is higher than economic growth in the market economy in the

absence of marginal innovations (this corresponds to earlier findings in Aghion and

Howitt, 1992). Average economic growth declines for low arrival rates of marginal

innovations, because of the sharp reduction in RócD activity when the market leader

becomes strong. This drop in research effort makes the strong monopolist less vulnerable

to attacks by potential entrants, and may even lead to complete entrenchment and a stand-

still in economic growth (recall from the fourth section that in a decentralized setting the

discouragement-effect dominates the reward-effect when firms need a long learning

period). For higher values of p we find a positive relationship between economic growth

and the arrival rate of marginal innovations: the prospect of having established positions

during a larger fraction of the monopolists' lifetime will encourage research activity, and

this effect is stronger than the fact that the economy will spend more time in the strong

state when less research activiry is going on.

We secondly vary the arrival rate of a recession v within the closed unit interval

(setting ~-0.5) and study its implications for growth and research in Figure 4.5. Panel

(a) shows a positive relationship between the economy's average growth rate and v. This
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Panel (c)
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Note: i-1 denotes weak market leadership, i-2 denotes strong market leadership.

Figure 4.4: Effect of learning-by-doing on economic growth and research, social planner.
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Figure 4.5: Effect of recessions on economic growth and research, social planner.
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result is explained by the fact that research activity is much higher when the monopolistic

firm is a weak market leader (see Panel (b) in the figure), and the economy will on

average spend more time in the recessionary state as v increases (cf. Panel (c)). However,

Panel (b) also shows that research efforts in both states of the economy decline when

recessions become more likely, but this turns out not to alter the positive effect from

recessions on economic growth in this example.

4.7 Implications for policy

In the previous section we derived the optimal research program that a benevolent social

planner would implement under the extreme assumption that this social planner can decide

upon the optimal allocation of skilled labour across production and research activity. Here

we relax this assumption and investigate the possibility of "finetuning" by the government

through implementation of an optimal tax program.

A government can implement the social planner's solution by using the appropriate

tax instruments as follows. We concentrate the analysis on the steady state interior

solution. Let a social planner's solution (ns"~,nS~2~) be given. Denoting the tax rate on

production workers in the monopolistic firm in state i by rP~'~, the optimality condition

(eq. 4.8) now rewrites to (supressing the subscript for the fundamental innovation, ~

(1}TP)c.~co - gc~~(p~~(X~a)x~`~tF'(xc`~)} (4.8')

Similarly, and denoting the tax rate on research workers in the research sector when the

leading monopolist is in state i by rR~'~, the optimality condition (eq. 4.6) now reads as

(1}TR)W~`~ - YV(t)~
(4.6' )

Tax rates are not restricted to be positive, and effectively turn into subsidies when they

are negative. The government is supposed to stick to a balanced budget rule

0 - ~PO(N-nc~~)t~Rnc~~ (4.18)

Notice that this equation makes use of the fact that net wage payments to workers are

equal in the two sectors for a given state of the economy i. It can be shown that the

optimal tax rates are given by (see the Technical Appendix for details)
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(0t~~ nc4 (ilR
tp - - 1--

N l ~~~~
P

-i
n~'~ Wié1- N 1-

~P

(4.19a)

SR~ - TP~(1-N~n~~~) (4.19b)

In words, eq. 4.19b (which directly follows from the government's balanced budget

assumption) says that both tax rates are opposite in sign (since rt`~ is strictly less than N

for interior solutions), and their mutual proportion is determined by the sectoral allocation

of skilled workers: for a given tax (subsidy) on production labour, subsidies (taxes) on

research workers increase when less people are engaged in research activity.

Let us return to some numerical examples from the third section to illustrate these

policy implications. In the first example we assumed the absence of marginal leaps and

recessions, so that we are back in the Aghion-Howitt world. Research intensity in

decentralized equilibrium equals 0.306, whereas nS-0.333 is the socially desirable

research effort. A tax on production labour of 2.24qo in combination with a subsidy on

research activity of 4.49q leads to an optimal solution in the market economy. In our

second example ("Learning-by-Doing"), we allowed intermediate firms to strengthen their

market position by building up a base of loyal customers. The arrival rate of marginal

leaps (p) was set at 0.5. In this example we found n~"-0.399 and n~Z~-0.279: the

creation of a loyal customer base by the intermediate firm discourages research activity

by potential entrants. A benevolent social planner would choose ns~'~-0.423 together with

nS~2~-0.262. Intertemporal reallocations of skilled labour are more pronounced in a

planned economy. Compared to the decentralized equilibrium, a social planner opts for

more research activity when the leading monopolist is weak, and reduces research efforts

when the market leader is strong. A social optimum can be implemented in the decentrali-

zed economy by the following tax program: rP~`~-0.24q, rP~2~--0.69q, rR~'~--0.33q,

rR~2~ -1.93 q. Thus, it is optimal to introduce a stochastic tax system in which the use of

production labour is taxed when the market leader is weak and subsidized in case of

strong market leadership, whereas research activity is subsidized when the leading

monopolist is weak and taxed under a strong intetntediate monopolist. At first glance, this

may seem counterintuitive: production activity should be encouraged during good times,

and discouraged during recessions and when the leading firm is weak. What is at work
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here is that the gains related to a particular state of the economy are optimally used. One

can better tax production labour when the incumbent monopolist is weak, and subsidize

research activity in order to fully exploit the temporary lower opportunity costs in terms

of production forgone. Likewise, during a boom when the leading monopolist is particu-

larly good at producing intermediate inputs, one can better give an additional incentive for

production labour and discourage research activity.

The possibility of recessions was introduced in the third example ("Learning-by-

Doing and Recessions") by setting the flow probability of recessions, v, at 0.2. An

equilibrium solution was found for n"~-0.380 and n~Z~-0.256. By setting ns"~-0.403 and

nS~Z~-0.249, a social planner again increases research activity when the monopolist is

weak and reduces RBcD when the market leader is strong (compared to the decentralized

equilibrium without taxation). The optimal tax program is now given by rP~'~-1.16q,

rP~z~-0.13q, rR~'~--1.72qo, rR~2~--0.39q. For the case of weak market leadership, this

result has a straightforward interpretation: too much production activity and too little

research is going on, so that the former activity should be discouraged via taxation and

the latter encouraged via subsidies. But when the market leader is strong one should

actually tax production labour and subsidize research activity in order to reduce research

intensity! What is at work here, is a general equilibrium effect. The introduction of

recessions implies that boom states become less likely, and the economy will more often

be in a recessionary state. Compared to the decentralized equilibrium, the social planner

needs to subsidize RBcD when the leading monopolist is weak. This weak market leader

has to pay taxes to finance the research subsidies. Since the market leader spends a larger

fraction of its lifetime in a weak state ( compared to the previous example), this may

lower its value by a substantial amount. Since fitms in the research sector expect

substantially lower gains from innovative activity, they may actually decide to undertake

less research activity than in a competitive equilibrium without taxation. This RBzD fall

might already be more than the social planner wants, so that research activity should be

subsidized in a boom. This again lowers the value of the monopolistic firm, so that the

social planner needs to stimulate RBzD even more, and so on.

As a final example, we look at the case in which marginal leaps become more

likely compared to the previous example by increasing the amval rate of marginal

innovations to 1(holding the other parameters constant). A market equilibrium solution is
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given by n"~-0.396 and n~2'-0.275. A social optimum is attained when ns~'~-0.420 and

nS~2~-0.284. As before, a social planner increases research activity ( in comparison with

the decentralized equilibrium) when the intermediate firm is weak. But now the optimal

research intensity when the leading monopolist is strong is higher than in the market

economy without taxation. The optimal tax program that implements the social optimum

in a decentralized economy is now given by TP~`~-1.83q, Tp~Z~-0.83q, TR~'~--2.S2q,

TR~Z~--2.lOq. Production activity is too high in the market economy for both states, and

taxing production labour gives the appropriate incentives to establish the social optimum.

Likewise, too little research is going on in both states without government intervention.

Subsidizing research labour can restore the social optimum.

Table 4.1 summarizes the main findings from these examples.

Aghion-Howitt, Learning-by-Doing, Learning-by-Doing Learning-by-Doing
~-0, v-0 ~c-0.5, v-0 and Recessions, and Recessions

~.-0.5, v-0.2 ~-1, v-0.2

Tp~'~ 2.24q 0.24q 1.16qo 1.83q

Tp~2~ - -0.69 l0 0.13 q 0.83 q

TR~~~ -4.49I -0.33q -1.72q -2.52q

TR~2~ - 1.93 q -0. 39 qo -2.10q

Table 4.1: Optimal taxation.

4.8 Conclusion

Newly established firms often try to secure their market position by building up a base of

loyal customers. Learning about customer needs or building up consumer recognition is a

time-consuming process, but without such customer bases, these firms find themselves

more vulnerable to attacks by competitors. While recessions may not destroy technologi-

cal leadership, they may be harmful for such firm-customer relationships.

These ideas have been introduced within an Aghion-Howitt type model of creative

destruction. In the context of this model, recessions might be good for growth since they

weaken the incumbent fitm's position, and thereby stimulate research by outside firms.

The model allows for the extreme case where the leading finn can be so entrenched that
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growth ceases, unless a recession shakes up its customer base. We find a one-to-one

relationship between the average growth rate and the cyclical variability, a U-shaped

relationship between the average speed of building up good customer relationships and the

average growth rate, and a positive relationship between the arrival rate of recessions and

average growth. The optimal use of skilled labour by a benevolent social planner has been

shown to exhibit larger reallocations between the intetmediate monopolist and the

research sector when the leading firm moves from one state to the other. It is finally

shown that an appropriate stochastíc tax program can restore the social planner's solution.

In some cases, general equilibrium effects may generate interesting results, conflicting

with intuition from a partial equilibrium approach.

The analysis can be extended in several ways. Firstly, unemployment could be

introduced into the model by allowing for search on the labour market (cf. Aghion and

Howitt 1994). This would give a more plausible interpretation of recessions in our story.

Secondly, it would be more realistic to have a richer sector structure than the simple

sttucture of a single interrnediate firm that was used here. Thirdly, our assumption that

learning-by-doing is an exogenous stochastic event rules out the possibility of strategic

behaviour at the part of the incumbent monopolist. It would be interesting to introduce

endogenous factors that affect the probability to become a strong market leader. These

issues are left for future research.
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Technical Appendix

4.2.2 The maximization problems
The f-th intennediate monopolist wants to maximize the value Vf of the firm. Let ~rf denote the
monopolist's profit. At any instant in time, the monopolist can be in two different states.
Therefore, we find the following Bellman expressions:

Vt'~ - nt~tdtte ~ t~t 2~ 'f 1 1[1-,lnJ dtl[pdtVj }(1-pdr)Tj~]}

Vt2t - ntZtdt}e-'~`{[1-~.nt2tdt][vdtVt'~t 1-vdt)VtZt]}i I t I( t

(A 1. a)

(Al .b)

In words, eq. Al.a says that when the intermediate finm is currently in the first state, it makes a
profit a"'. The probability of still being a monopolist after a small time interval dt has elapsed is
equal to 1-Mf"dt. Within this interval, the (unconditional) probability of a marginal innovation is
~dt. By the event of a marginal innovation the monopolist switches to the second state, and the
firm's value is given by V'Z'. With probability 1-~~dt the firm does not make the transition to state
2 during the time interval, so that its value is still given by V"'. In equation Al.b the monopolist
is in the second state at time t, earning a profit a'Z'. Now, the probability of still being alive after
a small time interval dt has elapsed is equal to 1-anf2~dt. During this interval, the (unconditional)
probability of a recession is vdt. A recession destroys firm-customer relationships, so that the
monopolist switches back to the first state, and the firm's value is given by V"'. With probability
1-vdt the firm does not suffer from a recession after the time interval has elapsed, so that its value
is still given by V~Z'.

Exploiting é~-1-rdt and leaving out higher order terms, we rewrite the Bellman
equations to

(rtAn~'~t V~'~ - n"~t 2~ (A2.a)
I p) t I pVÍ

(r}~nt2t }v)Vt2~ - nt2jtvVt't1 I I I

It will be convenient to use the following matrix notation

rtí~nlntp -p yyctt

-v rt~,nj2t}v~V~2t

~tl~
I

a t2~t

(A2.b)

(A3)

Or, abbreviated,

XV-n (A4)

X is the 2x2 matrix from eq. A3, V-[1~" I~Z']', and x-[a~" ~2']'. A3 and A4 correspond to eq.
4.4, 4.5 in the text.
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4.2.3 Equilibrium
Steo 1
Suppose V"~ is given. From the transition scheme for fundamental innovations, eqs. 4.2, 4.6, and
the definition of m and V, in stationary equilibrium it holds that

~(t) - ~f 1 0 V(tt
~(z~ Y ILO p V(2t

Or,

ril - y~.~V

(AS)

(A6)

where ~Y is a 2x2 transition matrix. By symmetry (using Proposition 1) we can simplify this
expression to

c~(t~ 1 0 -(tt

c~(2~ - Y~ 0 1 v

Steo 2
Given m, we find ~`~ and ~r~'~ from

2 (i) tX(,~ a B t-Q
- ~(A

n(~~ - 1-a w G~X a~

a B (0

(A7)

(A8)

(A9)

A8, A9 follow from eq. 4.7, 4.8, the Cobb-Douglas production function, and the expression for
the monopolist's profits.

Step 3
Given x~'~, the number of researchers follows from the condition for labour market equilibrium

n('~ - N- x~~~ (A10)
B ~'~
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Step 4
From Proposition 1, Step 2 and Step 3, and eqs. 4.4 and 4.5 we have

X -

And

( z 1
rtpt~l N-I al i-~ -p

lwJ

-v rtv}~.IN-la2sall

Using these four steps, we proceed our proof of Proposition 2 by defining

V~2~ - V~~~tA

After some substitutions we end up with two equations in two unknowns

r Z l z a

rt~l~N-I a J ~ ~ - 1-a a 1-a(111-" t~A
lw y~, a lwJ

`r}~lN-lawalJlY~ - laaa12a(w)1~~-rtvt~lN-I
a~al~la

Subtracting A15 from A14 gives after some manipulation

i t
w - Y Q Z ~(~}v}~Nt~)w~-a'~~a2sa~~-a~
A 1-a -

(1 }y-)(s 1-~` -1)a 1-~`
a

Multiplying A16 with w"~'-~`~IA finally completes the proof of:
Proposition 2:
There are in general two solutions for w, given by

i-~

wi~ - ~t (~l2-á

2 a
1-aai-ar l li-~

lwJ

w

(All)

(A 12)

(A13)

(A14)

~ (A15)

(A16)

where
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a - (r}~.N)x(rtvt,lNtF~)~(Y~)

i z j
b - (rt,lll~x,1(az8"~1-"I(Y~1)ta ~-"x(rtvt~.Nt4t)~ 1 t 1-aJ}4~

Y a

c- a t?"x~l(a2b") ~ 1" ~1} 1-a J

x - " z
(1~Y 1-a)(a t-"-1)a 1-"

a

4.5 Dynamics
Substituting the stationary equilibrium expressions for n and ~ in terms of V into eq. 4.13 gives

ycu
~

I
- ~X~-t

2 ~
v rt~. N- a ~-" }4~

Y~VJri

1 i ( l "
" 1-a a~-"I 1 I t-"

gt-"J a IY,lVf;i

aZ 1 a28" ~
~X~ - rt~l N- . 1~ ~-" }~ rt,~ N- , 1~ ~-" tv -~v

Y~~ ~ Y~~ ~

Or, abbreviated

V(t)
1 - ~(~'~)

í

:,(2~

Y a

aZ8" i
rt,l N- t-" tv

Y~~.~

yc2~

x

(A17)

(A18)

where ~ is a nonlinear function. A18 corresponds to eq. 4.14 in the text.
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Stabiliry requires the derivative of the first row of ~ to be larger than 1, i.e. D~, ~ l. To
evaluate the stability of the system, we differentiate Vf" from eq. A18 w.r.t. Vf„"'

D~1 - a~X~ ~Yt~X~ aY (A19)
avf,, avf,,

a~X~ '- ~ az t~a 1 Vcq t-a rtv}Jl N- az8a tln f{
aVf.i Y~ 1-a~ f't~ Y~~.i

a-z
rt t~l N-

Y~.Vtit t-a ~( aza~
1-a 1 Vtlt i-a}x-~.Y~-z

p f l Y~. 1-a~ j~~)
Ji

i I

Y- [rtv t~Ntp8 l ~a) 1-a a t?a 1 'a~ -
a Y~lVt~~f.i

t z ~ t.~
~(az8ali-a 1-aa~-Q( 1 ~~-a V(i) i-~

I` Y~ 1 a I` Y~ ~ I; i)

z ~
~X~ - rt,1 N- a '-a tp

Y~Vt.tfl

aY

av"'~.t

z ~ ~
r}l N-

Y~.~1~ ~-a }v
-~v

f. i

Ir}v t~Nt~g la"~ 1-a a t?a 1 t~~-a ~yt~t) tla t
j.ta (Yl 1-a

az8" ila 1-a 12Q 1 laQ 1 ta ~t~ -~?Q
~( Y~, ) a a (Yl) 1-a~Vf-i~

Plugging in parameters from Example 3 gives D~,-5.9771, so the system is stable.

4.6 Social planner
Next we want to compare the laissez-faire equilibrium from section 4.2 with the outcome in a
social planner's economy, in which the expected present value of consumption is maximized.
Denoting present discounted utility of being in state i and having a technology level f at date t by
U(f,i), we have, starting from i-1

U(f,l) - A~(Bttt(N-njt~)dt}e-.~`[~.nft~dtU(f}1,1)t (p20.a)
(1-~ln~~~dt-~tdt) U(f,l) }WdtU(f,2)l
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Similarly, starting from i-2,

U(f,2) - A~(Bt2t(N-nf2~)dtte-'a~[~.nf2jdtU(f}1,1)t

v dtU(f, l) t(1-vdt -,~nfZtdt) U(f,2)]
(A20. b)

An economic interpretation of these expressions is the following. Expected lifetime utility of an
economy with technology level f at time t is determined by two components. Firstly by current
consumption, being the flow of production of the final good A~(.) - contingent on the current
state of the intermediate firm - over some small time interval dt. Secondly by expected utility after
this small time interval dt has elapsed, discounted at r. With probability Mf"dt (~nfZ'dt) a
monopolist who is currently in state 1(2) will be replaced by a new intermediate firm within this
time interval, yielding a utility level of U(ff 1,1). When the incumbent firm is currently in state 1
and no fundamental innovation took place, the economy will still be in state 1 with utility U(f,l)
with probability 1-~nf"dt-pdt. With probability ~,dt the intermediate firm has made a marginal
innovation so that economy-wide utility is given by U(f,2). Similarly, when the monopolistic firm
is currently in state 2 and no fundamental innovation took place, the economy will fall back to
state 1 with utility U(f,l) through the event of a recession with probability vdt. And with
probability 1-vdt-Mj2'dt the intermediate firm maintains to be active in state 2 so that economy-
wide utility is given by U(f,2).

Let U"-U(0,1) and UZ'-U(0,2). Using eq. 4.2, substituting é~`- 1-rdt, multiplying out,
and dropping higher order terms, A20 becomes

0 - F(Bttt(N-nt~i))t[Znttt(Y-1)-lt-r]Uttit~U~Z~

And

(A21. a)

0 - F(BtZt(N-nt2i))t[~ntz~Ytv]Uci)-[~n(Z~~vtr]UcZt (A21.b)

Or, in matrix notation,

rt.lntti(1-y)f~ -~ Uttt - F(Bttt(N-ntn)) (A22)
-v-,lnt2ty r}~1nt2ttv UtZt F(BtZt(N-ntZt))

Inverting the 2x2 matrix in eq. A22, and weighting lifetime utility in each state by the average
fraction of time that the economy will spend in each state (cf. eq. 4.9), we finally express lifetime
utility as

z
U - ~ qt'~Ut`~ - :.(ntt~,nt2t)

~-t
(A23)

where ~ is a nonlinear function:
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~(n(t~~n(zt) - I(~n(Zt}v)í~n(Zttv}r)}l~(~n(stY}v)lF(B('t(N-n(n))t
denominator

Ip (~.n (2t tv -,tn ('~(Y -1) tW tr)]F(B(Zt(N-n (zt))
denominator

denominator - Iptvt,ln(Zt][(rt~tn('t(1-Y)}W)(Tt~ln(Zttv)-lt(vt,ln(Z~Y))

An optimizing social planner would select n~'~ such that

a~ - a~ - o
an(1~ an(2~

(A24)

Since we were not able to obtain an equilibrium solution in closed-form, we resort to numerical
simulations to illustrate the optimal research program in this case.

4. 7lmplications forpolicy
Step 1
Let a social planner's solution (ns"',nS~2') be given. From the adjusted optimality condition eq.
4.8', we can calculate the gross wage paid by the leading monopolist wP~'~-(1-~TP~'~)w~'~.

SteP 2
Plugging the solution for c:wP~'~ obtained in Step 1 into the expression for ~r~'~ (cf. section 4.2 or eq.
A9 in this appendix) gives the solution for á~'~.

Step 3
We use equation 4.4 to calculate [n" and 1~2'.

Step 4
We use the modified version of equation 4.6, eq. 4.6', to find wR''~-(1 tTR~'~)c~~~.

Step 5
We finally end up with three equations - iap~'~-(1fTP~'~)w~'~, wR~'~-(IfTR~'~)ca~'~, and the govern-
ment's balanced budget restriction - in three unknowns, VIZ. Tp~'~, TR''~, and n~'~. Rewriting TR~'i from
the government's budget constraint in terms of TP~`~ and n~`~, substituting this equation into the first
one, and substituting the second equation into the latter expression gives after some manipulation

(~~(~~ n a) GaR
Sp - - 1--

]V w(~~
P

-t
n ('~ ~R

1-- 1--
tilj~ - (0

P

(A25)

which corresponds to equation 4.19a in the text.
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Chapter 5

FISCAL POLICY IN A STOCHASTIC MODEL

OF ENDOGENOUS GROWTHI

It is nowadays widely believed that public schooling may contribute favourably to
long-term economic growth. The income tax rates that are needed to finance
government spending typically show an erratic time pattern. Such tax randomness
could increase the intensity of the business cycle. Thus, government spending on
education may spur economic growth, but the other side of the coin is that this is
likely to increase the intensity of cyclical fluctuations. These issues are discussed
in the context of a stochastic endogenous growth model with learning-by-doing as
well as schooling activity. The key results are: (i) income taxation may go hand in
hand with increased economic growth under certain conditions, (ii) tax randomness
is responsible for a modest fraction of cyclical variability, (iii) the inclusion of
stochastic taxation brings the model closer to the U.S. business cycle experience,
(iv) the employment variability puzzle can be solved by introducing stochastic
discounting, (v) the latter model can successfully pass a Wald-test, (vi) the
interaction between long-term economic growth and the business cycle can be
positive as well as negative, and (vii) the model typically suggests that capital taxes
stabilize the economy.

5.1 Introduction

This chapter investigates the contribution of government policy to cyclical fluctuations and

long-run economic growth. The idea is that the government provides services that facilitate

productivity growth. These services include schooling, labour market programs, vocational

training, but also the social and physical infrasttucture, the quality of the environment, public

, This project was initiated while I was visiting the Institute of Empirical Macroeconomics at
the Federal Reserve Bank of Minneapolis in the fall of 1996. I thank the Bank for its
hospitality. I benefited a lot from conversations with my supervisor Harald Uhlig, who should
be given the credit for parts of the model constructed in this chapter. I also would like to
thank Lawrence Christiano, Frank de Jong, Ellen McGrattan, and Richard Nahuis for
valuable comments. The views expressed in this chapter are mine and not necessarily those
of the Federal Reserve Bank of Minneapolis or the Federal Reserve System.
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health care, protection of property rights and safety. At least part of this public spending is

financed by levying income taxation. It has been documented in a number of studies that

observed effective marginal tax rates move erraticly over time. Such tax randomness may in

turn contribute to cyclical variability. To put it differently, government policy may spur

economic growth, but the other side of the coin is that this is likely to increase the intensity

of business cycle fluctuations. These issues are discussed in the context of a stochastic

endogenous growth model with learning-by-doing as well as productive government spending.

To fix ideas, attention is focused on public spending contributing to knowledge formation,

such as formal and informal schooling, vocational training programs, but also applied

research, and reorganization activity. Let us briefly refer to these activities as "schooling",

or learning-or-doing.

Our main findings are the following. Long-term economic growth has an ambiguous

relationship with the marginal capital tax rate and the marginal tax rate on labour income.

Income taxation has repercussions on schooling, on labour supply, and on the allocation of

employees to production and schooling activity. An increase in capital and labour taxes will

intensify schooling activity; this will increase economic growth. The interaction between

capital taxation and labour supply is ambiguous, however. It is shown that households may

under some conditions increase their labour supply in response to higher capital taxation.

What is at work here, is a negative wealth effect. Knowledge is a public good, and

households do not take the knowledge-enhancing aspects of public schooling into account.

Tax revenues used for educational spending are thus interpreted by the household as a loss

(a negative wealth effect), which induces the household to reduce the demand for leisure.

Labour taxation will typically induce households to shift to non-taxable leisure time, so that

labour supply and knowledge accumulation from learning-by-doing will decline. Thirdly, for

given labour supply, an increase in schooling activity will crowd out production activity.

Overall, the effects from taxation on labour supply in combination with the crowding-out

effect of schooling will detetmine the household's occupation in leisure, production, and

schooling activity. T'he analysis further suggests that tax randomness is responsible for a

modest fraction of cyclical variability. It is shown that the inclusion of stochastic taxation

brings the model closer to the U.S. business cycle experience: the artificial economy can

explain simultaneously observed cyclical variability in production, consumption, savings,

employment, and physical capital, as well as the observed cross-correlation of output with
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employment. These results suggest that the model constructed in this chapter can compete

successfully with existing real business cycle models. However, as in most real business

cycle models, our artificial economy typically underestimates labour market fluctuations. We

propose to solve the employment variability puzzle by introducing stochastic discounting.

Indeed, the latter model can successfully pass a Wald-test, whereas models without it are

always rejected. Two other interesting features of our model are that the interaction between

long-term economic growth and the business cycle can be positive as well as negative, and

that capital taxes stabilize the economy.

The analysis in this study is positive rather than normative. The marginal tax rates

on capital and labour as well as the composition of government spending is taken as

exogenously given. Consequently, for given labour supply, the division of market activity

into production time and schooling is determined by the government's expenditures on

education. In Chapter 3 we studied the optimal allocation of time across production and

productivity-improving activity within a stochastic learning-or-doing model. This optimal

allocation has been shown to depend on the state of the economy. Firms concentrate on

production activity at the expense of research activity in good times when workers are highly

productive. Research can better be done when times get worse. The opportunity costs of

research - in terms of forgone production - are lower in a recession, so that it makes sense

for firms to allocate more employees to the research department (or, in the terminology used

here, send more employees to school). Another important difference with the analysis in

Chapter 3 concerns the character of knowledge. In Chapter 3 it is assumed that firms can (at

least partly) internalize the benefits from knowledge accumulation. They hence have an

incentive to carry out research. In the present chapter we consider knowledge as a purely

public good. New knowledge immediately spreads out over the economy; markets for

knowledge are completely missing. Without government action, no schooling activity would

take place in such an economic setting.

There is a huge strand of literature related to the topics in this chapter. Recent

examples of studies on the effects of tax policies on long-term economic growth within a

general equilibrium setting include Barro (1990), Barro and Sala-i-Martin (1995), Baxter and

King (1993), Bovenberg and Smulders (1995), Glomm and Ravikumar (1994, 1997), Jones,

Manuelli, and Rossi (1993), and Pecorino (1995). Barro (1990) introduces productive

government services in the production technology available to firms, and shows that long-
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tercn economic growth is a hump-shaped function of the income tax rate needed to finance

these public services. Barro and Sala-i-Martin (1995) allow for congestion externalities within

the basic Barro-framework. Baxter and King (1993) study a number of fiscal policy

experiments in a neoclassical model with elastic labour supply. Because of important

interactions between capital and labour, public capital is shown to have important effects on

private output and investment. Bovenberg and Smulders (1995) introduce productivity effects

of a cleaner environment into the learning technology. Glomm and Ravikumar (1994, 1997)

construct two-sector endogenous growth models in which the evolution of human capital in

the learning sector is an increasing function of publicly provided "quality" of education.

Jones, Manuelli, and Rossi (1993) focus on optimal taxation issues in a number of

endogenous growth models, including a model that allows for government expenditures as

a productive input in capital formation. In such a model, it is shown that the limiting capital

tax rate is no longer zero. Pecorino (1995) investigates the relationship between tax rates and

the present value of tax revenues in a two-sector endogenous growth model with endogenous

labour supply. An increase in income taxation may lead to a reduction in tax revenues

through labour supply and growth effects.

Examples of studies that allow for tax randomness include Ambler and Paquet (1994),

Braun (1994), Christiano and Eichenbaum (1992), Jonsson and Klein (1996), and McGrattan

(1994a,b). Ambler and Paquet (1994) introduce shocks to military expenditures in a real

business cycle model where the government optimally chooses public investment and

nonmilitary current expenditures. Fluctuations in personal and corporate income tax rates are

included in a basic real business cycle model in Braun (1994). This is shown to improve the

model's fit to the data, in particular with respect to employment variability. Christiano and

Eichenbaum (1992) allow for government consumption shocks to influence labour market

dynamics, also fmding that this modification brings real business cycle theory more in line

with the data. Jonsson and Klein (1996) investigate the role of fluctuations in distorsive

(payroll and consumption) taxes and government consumption in explaining some of the

salient features of the Swedish post-war business cycle experience. It is shown that models

with stochastic fiscal policy perfonm statistically better than models without it. McGrattan

(1994a,b) reestimates the contribution of technology shocks to the postwar U.S. business

cycle experience in a basic real business cycle model extended with a government sector,

fiscal disturbances, and tax randomness. Her findings suggest that something like 41 q of the
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variance in output is explained by technology shocks, 28qo by disturbances in government

consumption, 27qo in labour tax randomness, and 4q in capital tax shocks.

The remainder of the chapter is structured along the following lines. In the next

section we introduce the model. A calibration exercise is carried out in the third section. The

model's implications for the relationship between long-term economic growth and income

taxation are considered in section four. In section five the mechanics of the model are further

investigated by examining transition dynamics following an imbalance between the stock of

knowledge and physical capital, and impulse-response functions in the event of disturbances

in total factor productivity, the marginal tax rate on capital income, and marginal taxation

of labour income. Section six presents a quantitative assessment of the potential effects from

tax randomness on business cycle variability. In section seven we evaluate the model's ability

to replicate the post-war U.S. business cycle experiece. Since employment fluctuations are

too weak in the artificial economy compared to U.S. data, we introduce stochastic

discounting in section eight. The model's implications for the interaction between economic

growth and cyclical variability, and for the effect of government size on macrceconomic

instability are discussed in section nine. Finally, section ten concludes the chapter.

5.2 The model

In this section we construct a discrete time stochastic model of endogenous growth with

learning-by-doing and learning-or-doing. There are three sectors in our economy: (i)

households maximize their expected lifetime utility, (ii) firms maximize profits, and (iií) a

government determines the tax rates on capital and labour as well as the composition of its

expenditures on transfer payments and public schooling. All markets clear. We consider a

decentralized economy: fitms and households take prices as given. Also the actions

undertaken by the government are taken as exogenously given; our analysis is positive rather

than normative.

Households

The economy is populated with a large ntunber of identical infinitely-lived households. Each

household maximizes expected lifetime utility, given by
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Uo - F~
r-o~ a`{~(Ct)-ZN~}J

(5.1)

where E is the expectation operator, Q C 1 is the subjective discount factor, t is time, C is

consumption, and N is labour supply. Abstracting from population growth, we interpret N

as the fraction of the available time that the household allocates to market activity. The total

time endowment is normalized to unity, so that 1-N is leisure time. ~ is a parameter that

measures the relative weight that is attached to leisure time. Labour time decreases

instantaneous utility in a linear fashion. This linearity assumption implies an infinite elasticity

of substitution between leisure in different periods. The model can therefore be interpreted

as a reduced form of the Hansen (1985) model with indivisible labour. Consumption enters

into the utility function in logarithmic fotm: income and substitution effects cancel out and

an interior solution is supported.

Households face the following resource constraint

K~ - R~Ct-1t(1 -TN,r)W~ctIIt-C~ (5.2)

where K is the physical capital stock, R is the return on physical capital after taxation and

depreciation, rN is a proportional tax on labour income, W is the wage rate, and II denotes

a lump-sum transfer payment from the government to the household.

Denoting the Lagrange multiplier of the resource constraint as ~, we obtain the

following first order conditions:

1IC~ - ~.t (5.3)

tï - a,~(1 -TN.t)Wr

C

C~. i1 - pE -` R"11

(5.4)

(5.5)

These expressions have the usual interpretation. According to eq. 5.3, people consume up

to the point where the marginal benefit of one additional unit of the consumption good equals

the mazginal cost in terms of decreased physical capital accumulation. Equation 5.4 says that,

on the mazgin, one unit of time must be equally valuable in its two uses, leisure and market

activity. Equation 5.5 is the Lucas asset pricing equation, after eliminating the Lagrange
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multiplier by substituting eq. 5.3 (cf. Lucas 1978). Following King and Rebelo ( 1988), we

can interpret QC,IC,t, as the modified discount factor.

Firms

Firms combine physical capital K, labour-augmenting knowledge Z, and production time L

in order to produce one single homogeneous commodity. The production technology is

concave with respect to physical capital K and effective labour input ZL separately, but

exhibits constant returns to scale when factor inputs are accumulated at a uniform rate.

Suppose that the production function is Cobb-Douglas:

Y, - A~IC~at[Z~-~L~]i-a (5.6)

Ydenotes aggregate output, and 0 G a G 1(1-a) is the production elasticity of physical capital

(labour). Physical capital and knowledge are inherited from the past; their previous period's

stocks show up in the current production technology. In line with real business cycle models,

the exogenous productivity parameter A is assumed to be stochastic. More specific, the

logarithm of A follows an AR(1)-process

ln(At.l) - (1-~a)In(A)}~~th(Ar)tE~,~.l EA"N(D,Q~), i.i.d. (5.7)

The persistence of shocks to the production sector is denoted by rb,,. By restricting the

persistence parameter to lie in the unit interval (0 G~,, G 1), we concentrate on temporary

shocks only. Innovations are normally distributed with zero mean and a constant standard

deviation v,,. Competitive markets require

Y
D~-a-`

K:- i
(5.8)

W~ - (1-a) ~` (5.9)
t

D stands for dividend payments from the firms to the owners of the physical capital stock

(the households). By defmition, the relation between the return on physical capital after

taxation and depreciation R and dividend payments D is given by
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R~ - 1 t(1-tK~)(D~-8) (5.10)

where rK is a proportional tax on dividend income after deduction of capital depreciation, and

0 5b 51 is the depreciation rate of physical capital.

Knowledge accumulation

We shall assume that knowledge can be increased through learning-on-thejob, or learning-

by-doing (see, for example, Arrow 1962, Romer 1986, Lucas 1988 8c 1993, and Young

1991). Arrow (1962) and Romer (1986) assume that knowledge creation is a side product of

investment in physical capital, whereas Young (1991) links learning to aggregate production

activíty. Here we assume that learning is the by-product of work experience and, as such,

related to the time people spend on productive activity. In other words, we follow Lucas

(1988) and relate learning to the fraction of hours worked. Secondly, we assume that

employees not only learn by doing, but also from formal and informal schooling, and

vocational training programs. In other words, knowledge accumulation is detetmined by

unintentional learning-by-doing and intentional learning-or-doing. The learning technology

is given by

Z~ - Z~-~(xtV~t~twv~) (5.11)

where v denotes the time spent on schooling activity. This specification allows for knowledge

depreciation whenever X is less than one. tG is the transfonmation rate of production activity

into knowledge formation, and w is the transfotmation rate of time spent on schooling into

knowledge accumulation.Z Labour market equilibrium requires

N~ - Lttvt b't (5.12)

2 Notice that the basic RBC model abstracts from endogenous growth by implicitly assuming
that tG-w-O. Ezogenous growth can be allowed for by setting X11.



Fiscal Polícy in a Stochastic Model of Endogenous Growth 151

Government

To close the model, we finally turn to a description of the government sector. Since

knowledge is purely exiernal to the individual household, the government fully reimburses

the forgone earnings during schooling activity: the govetnment finances these schooling

activities by paying employees the current wage. Hours of schooling is therefore given by

G~
v~--

W~
(5.13)

where G is before-tax educational spending. It will be assumed that the government cannot

issue debt claims (like, for example, in Chari, Christiano, and Kehoe 1993). The public

sector has to stick to a simple balanced budget rule at each instant of time, i. e.

II~t(1-rN~)G~ - Tt - aiK~Y~t(1-a)tN~Y~-iK.~sKr-i - i~Yt-TK~SKr-t í5.14)

The sum of lump-sum transfers II and after-tax educational spending ( 1-rN)G must be equal

to total tax revenues T. Since eq. 5.14 states that the government is required to finance

current expenditures from current (distortionary) tax revenues, this balanced budget rule is

a stylized version of the U.S. Gramm-Rudman-Hollings amendment of 1985 (see Baxter and

King, 1993). From 5.8-5.10 it can be derived that capital tax revenues equal arK,,Y~ rK ~SKr-,,

and labour tax revenues equal (1-a)rN,,Y~. The "composite" tax rate r is given by arKf(1-

c~)rN.

Next we turn to the composition of government spending. We simply assume that a

constant fraction rl of total tax revenues is returned to the household in the form of lump-sum

transfer payments, i. e.

IIi - ~(zrYr-TxfaKr-~)

The remaining part of the budget is used for public schooling, i. e.

(1-tN~)G~ - (1-rl)(TrYt-TK,~SK~-i)

(5.15)

(5.16)

Inspection of Figure 5.1 clearly illustrates that marginal tax rates on capital and labour have

shown an erratic pattern through time. To allow for tax randomness in the analysis, let us

assume that the time series properties of both tax rates can be described by independent

AR(1)-processes:
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ln(tK~,t) 1-~x ~ ~(TK) ~x 0]n(tR.~) ET,rr.t
- t t

ln(TNJ,t) ~ 1 -~N ln(SN) ~ ~N lII(TNf) ET~,,,[.1

ET~-N(O,~K), EtN-N(O,oN), I.l.d.

(5.17)

Because the government is required to run a balanced budget, tax randomness will translate

into randomness of government transfers to households and stochastic educational spending.

Stochastic lump-sum government transfers can loosely be interpreted as aggregate demand

disturbances, whereas an erratic pattern of public spending on schooling is an additional

source oftechnology shocks.

15

Capital tax ('Io)

.
47 52 57 62 67 72 77 82 87

Year

Source: McGrattan (1994b)

Figure 5.1: Effective marginal tax rates on capital and labour in the U.S., 1947-1987.
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Balanced growth

Next we shall detetmine the balanced growth path of the model. First we will define a

competitive equilibrium.

Definition
For given realizations of the exogenous stochastic shocks {A„ rK.,, rN,,},E~o.m~, a competitive
equilibrium is defined as a set of allocations {C„ N„ L„ v„ K,.,, Zr.,},E~o.,,~ and a set of prices
{R„ D„ W,},E~o „~ such that

(í) {C„ N,},E~o.,,~ solve the representative household's problem,
(ií) {L„ K,.,},E~o m~ solve the representative fitm's problem,
(iii) the resource constraint is given by eq. 5.2,
(iv) the production technology is given by eq. 5.6,
(v) the relation between R and D is given by eq. 5.10,
(ví) the learning technology is given by eq. 5.11,
(vií) the labour market clears, eq. 5.12,
(viií) government spending is given by eq. 5.15 and 5.16.

It is important to realize that - in the terminology of Lucas (1988) - this competitive

equilibrium is an equilibrium solution, but not necessarily an optimal solution selected by a

social planner. Because of two external effects in our model economy - households do not

intetnalize the learning effects into their labour supply decision and households do not take

account of the beneficial effects of taxation in terms of increased productivity in private

factor inputs - the equilibrium solution will be sub-optimal. Since our analysis is positive

rather than not~rtative, we leave a discussion of the social planner's solution for future work.

We transform the model into a stationary one by introducing some new variables. Let

c,-C,iK,.,, y,-Y,IK,-„ w,-W,IK,.,, z,-Z,IK„ y,K-K,iK,-„ ti,Y-Y,IY., denote the consumption-

to-physical capital ratio, the production-to-physical capital ratio, the wage-to-physical capital

ratio, the knowledge-to-physical capital ratio, the growth rate of physical capital, and the rate

of economic growth. Along a balanced growth path it should hold that

YK - YY - Y ~

Details on the solution procedure can be found in Appendix I. We turn in the next section

to a calibration exercise to set the stage for an evaluation of the long-run growth effects from

fiscal policy in section 5.4.



154 Chapter 5

5.3 Calibration

In order to study the quantitative effects of government policies on economic growth and the

business cycle, the model needs to be calibrated. The assumption of a Cobb-Douglas

technology in the production sector implies that the production elasticity of physical capital,

a, equals the capital share in national income. Following other RBC studies (Hansen 1985,

for instance), we set a-0.36. The discount factor a is set equal to 0.96, interpreting one

period to correspond to a year (cf. Kydland and Prescott 1982). Physical capital depreciation

is set at 6qo anually (cf. Stokey and Rebelo, 1995). Fstimates of the annual rate of human

capital (or knowledge) depreciation vary widely; Stokey and Rebelo (1995) calculate human

capital depreciation to lie in the range of 2.7-8.Oq. We set the rate of knowledge

depreciation at 4q . The scaling parameter A is set at 1. McGrattan (1994a,b) reports annual

data on effective marginal tax rates on capital and labour for the U.S. 1947-87 period. We

use her average values in our benchmark calibration: 0.51 for capital taxes and 0.23 for

labour taxes. Following Jones, Manuelli, and Rossi (1993), it will be assumed that the

employed spend about 5 qo of their available time in schooling activity (v-0.05). ~ is

calibrated at 2.32 so that the model predicts labour supply to be 0.3, which corresponds to

empirical observations on average hours worked (see, again, Kydland and Prescott 1982, and

Hansen 1985). To replicate these observations, we pick r~-0.64; 36q of government

revenues is used for educational spending, whereas the remaining 64q is rebated to

households in the fotm of lump-sum transfer payments. In order to replicate an average

annual growth in per capita income of 2q for the U.S., we set the transformation rate of

production time into learning (tG) at 0.12, in combination with a transfotYttation rate of

schooling activity into learning (W) of 0.6: it is thereby assumed that public schooling and

learning-by-doing contribute equally to knowledge formation.

Finally we want to select reasonable parameters for the exogenous stochastic

processes. In McGrattan (1994a,b) it is calculated that ~K-0.976; vx-0.0108; ~N-0.970;

vN-0.0034 (a breve is used to distinguish parameters pertaining to quarterly figures from

those pertaining to annual figures). These parameter estimates are transformed to their annual

counterparts by using standard fot~nulas.' Following the RBC literature, we set the

3 Namely: ~-rb` and ~-~(lt~zt~"f~b)-d', or a-2à.
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persistence parameter for the AR(1)-process generating shocks to the production sector at

0.81, which corresponds to a commonly used value of 0.95 for quarterly series. The model

approximately replicates the empirically observed variability of aggregate output by setting

the standard deviation of the innovation term at 0.0153. Table 5.1 summarizes the calibration

exercise.

Production elasticity of physical a
capital

0.36

Discount factor R 0.96

Depreciation of physical capital S 0.06

Leisure parameter ~ 2.32

Allocation parameter rt 0.64

Tax on capital income TK 0.51

Tax on labour income 7N 0.23

Depreciation of knowledge 1-X 0.04

Learning-by-doing tG 0.12

Learning-or-doing w 0.6

Productivity parameter A 1
(unconditional mean)

Persistence of shocks to
productivity parameter

Y'q 0.81

Innovation term

Persistence of shocks to capital
taxes

Innovation term

Persistence of shocks to labour
taxes

Innovation term

aK

`V N

aN

0.0153
0.9074

0.0189
0.8853

0.0058

Table 5.1: Baseline parameter values.
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5.4 Fiscal policy and economic growth

In order to analyze the consequences of a permanent change in the capital tax rate and the

labour tax rate for the long-term rate of economic growth, we undertake two policy

experiments in this section. In the first experiment we vary the proportional tax on capital

income, holding the labour tax constant. The second experiment involves a change in the

labour income tax, keeping the capital taxation rate fixed. For both of these experiments, we

explore the economy's long-run dynamic response to such policy changes.

Variation in distortionary capital tazation

In this experiment we vary the capital income tax rate between 0 and 0.8, while keeping the

tax on labour income constant at 0.23.

Figure 5.2 shows that economic growth is an increasing function of the capital tax

rate for the baseline parameter constellation, but may become a decreasing function for other

parameter choices. Three effects need to be distinguished to understand this result. Capital

taxation has repercussions on schooling activity, on production time, and on labour supply.

An increase in capital taxes will go along with higher educational spending; this will increase

economic growth. However, for given labour supply, this increased schooling activity will

crowd-out production activity so that learning-by-doing will decline. This may reduce

economic growth. The interaction between capital taxation and labour supply is ambiguous,

and depends on the composition of government spending. The intuition of this result is the

following. Since knowledge is purely external to the household, any public spending to

increase knowledge formation is considered by the household as being wasteful. In other

words, households think of the government as some institution that collects taxes and throws

part of the revenues into the ocean. Therefore, to the extent that the receipts are not

transferred back to the household, taxation is considered by the household as a direct income

loss. The negative wealth effect associated with this income loss will induce agents to

decrease their demand for leisure, i. e. to increase their labour supply. So capital taxation

may increase labour supply when this income effect is large enough (i.e. when 1-rl is large

enough) .

In our benchmark parameter constellation it has been assumed that rt is relatively high
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(so that the negative wealth effect is relatively weak), and public schooling is important in

the learning technology. Capital taxation induces people to decrease their labour supply,

which adversely affects long-term economic growth through the reduction in learning-by-

doing. Capital taxation is used to finance public schooling that contributes favourably to long-

term economic growth, but reduces the scope for learning-by-doing. Overall, the positive

growth effect from increased schooling activity dominates the adverse growth effect from

reduced labour supply and decreased learning-by-doing: capital taxation increases economic

growth in the investigated domain.'

Two other scenarios are investigated. Firstly, we decrease ,1 to 0.4 so that the

negative wealth effect associated with educational spending is increased. Indeed, as Figure

5.2c illustrates, this perceived income loss will induce agents to decrease their demand for

leisure, i. e. to increase their labour supply. The crowding-out effect from schooling time on

production activity is thereby reduced, and the positive relationship between capital taxation

and economic growth is even more pronounced. Secondly, we decrease w to 0.1 and increase

tG to 0.2, i.e. learning-by-doing becomes more important in the learning technology, and

schooling becomes less important. Capital taxation now has adverse effects on economic

growth. The positive effect from increased schooling is weaker than the negative effect from

reduced learning-by-doing.

4 Such a potential positive relationship between long-term economic growth and capital taxation
has been investigated in a number of other studies. For instance, Uhlig and Yanagawa (1996)
construct an OLG-model in which taxation of capital income accruing to the old may relieve
the tax burden on the young. In turn, [his could lead to increased savings and economic
growth. Another example of this literature is Smith (1996).
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Figure 5.2a: Capital taxation and economic growth.
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Figure 5.2b: Capital taxation and the labour market, baseline.
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Figure 5.2c: Capital taxation and the labour market, r1-0.4.
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Figure 5.2d: Capital taxation and the labour market, tG-0.2 and m-0.1.
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Variation in distortionary labour taxation

In the second experiment we keep the capital tax rate constant at 0.51 and vary labour

income taxation between 0 and 0.8.

Figure 5.3a illustrates the quantitative findings. As before, there are three effects

going on. On the one hand, the tax on labour induces households to shift to non-taxable

leisure time, so that labour supply will decline. Revenues from labour taxation are partly

used for public schooling, which increases economic growth. Thirdly, the reduction in labour

supply and the increase in schooling activity crowd-out production activity, and thereby the

fraction of knowledge accumulation attributable to learning-by-doing. The overall effect on

economic growth will depend on the effectiveness of schooling as an input in the knowledge

technology relative to learning-by-doing, and on the importance of the negative wealth effect.

A positive relationship between economic growth and labour taxation is found for the

baseline parameter constellation. The growth-enhancing effect of increased schooling activity

exceeds the negative effect on economic growth caused by the decline in production time.

Different relationships between long-term growth and labour taxation may exist for

other parameter sets. For instance, when ~ is decreased to 0.4 so that the negative wealth

effect associated with educational spending is increased, we find an even stronger positive

effect from labour taxation on economic growth. The intuition is that the negative effect from

labour taxation on labour supply (substitution to non-taxable leisure activity) is mitigated by

the wealth effect inducing agents to decrease their demand for leisure. Secondly, we decrease

w to 0.1 and increase ~G to 0.2, i. e. learning-by-doing becomes more important ín the

learning technology, and schooling becomes less important. Labour taxation now has adverse

effects on economic growth. T'he positive effect from increased schooling is weaker than the

negative effect from reduced learning-by-doing.
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Figure 5.3a: Labour taxation and economic growth.
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Figure 5.3b: Labour taxation and the labour market, baseline.
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Labour tax rate ("~o)

Figure 5.3c: Labour taxation and the labour market, rt-0.4.
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Figure 5.3d: Labour taxation and the labour market, tG-0.2 and w-0.1.
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5.5 Transition dynamics and impulse-response functions

In order to understand the mechanics of our model, we will concentrate in this section on

transition dynamical adjustment trajectories and impulse-response analysis: how dces the

economic system respond to a disturbance in one of the variables describing the state of the

economy? Computational details can be found in Appendix II.

The economy's transition dynamics is shown in Figure 5.4. This figure illustrates the

system's dynamics when the initial knowledge-to-physical capital ratio is 1 q above its

balanced growth value. Such a relative abundance of knowledge increases the rental rate on

physical capital, so that saving and physical capital accumulation are encouraged. We fmd

that the initial capital imbalance gradually disappears and the knowledge-to-physical capital

ratio converges to its balanced growth value zr. Consumption and wages permanently increase

as the restoration of the knowledge-to-physical capital ratio makes it possible to raise

production. The substitution effect associated with the increase in the wage rate tends to

encourage labour supply and production activity in the early stage of the adjustment process,

but this effect is eventually counterbalanced by the income effect stemming from the increase

in production which tends to raise the demand for leisure.

In Figure 5.5 we plot the impulse-response function when the economic system is hit

by a positive one standard deviation productivity shock. The temporary increase in

productivity induces households to increase their labour supply, since wage rates have gone

up, leading to an increase in knowledge accumulation (learning-by-doing), and output. The

increase in production exceeds the increase in consumption (agents smooth consumption

possibilities intertemporally), so that more physical capital is accumulated. Finally, the

marginal product of physical capital increases, and the rental rate is raised in the short-term.

In Figure 5.6 the impulse-response functions are drawn when the economic system

is hit by a positive one standard deviation capital taxation shock. The temporary capital tax

increase reduces households' labour supply and savings in the short term, and crowds-out

production time since schooling activity is intensified. Ultimately, knowledge accumulation

is increased in this example: the positive effect from increased public schooling on

knowledge formation is larger than the negative effect from reduced learning-by-doing.

Although physical capital accumulation is slowed-down in the short term, interactions

between knowledge and physical capital eventually increase the physical capital stock.
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Figure 5.4: Transition dynamics.
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Figure 5.5: Impulse-response functions in case of a technology shock.
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Figure 5.6: Impulse-response functions in case of a capital tax shock.
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The impulse-response functions in case that the economy is perturbed by a one

standard deviation labour tax increase are illustrated in Figure 5.7. The temporary labour tax

increase reduces households' labour supply and savings in the short term. Again, knowledge

accumulation is increased in this example: the positive effect from increased schooling

activiry on knowledge formation is larger than the negative effect from reduced learning-by-

doing. Although physical capital accumulation is slowed-down in the short term, interactions

between knowledge and physical capital again increase the physical capital stock as the

adjustment process continues.

5.6 Tax randomness as an additional source of business cycle

fluctuations; A quantitative assessment

In this section we turn to a quantitative evaluation of tax randomness as an additional source

of cyclical variability. Stochastic income taxation translates into randomness on the

government's expenditure side under a balanced budget regime. It has been assumed that the

composition of govetnment spending is constant, implying that tax randomness translates into

stochasticity in transfer payments (loosely interpreted as "demand shocks") as well as in

educational government spending (loosely interpreted as "technology shocks").

In Table 5.2 we present the results. Decomposing the standard deviation of the

artificially generated time series for output, consumption, investment, employment, and

physical capital into the separate contributions from the underlying exogenous stochastic

processes reveals that tax randomness contributes modestly to the business cycle pattern.

About 7q of output variability is due to stochastic tax rates in this model economy; 3.3 q

is explained by random capital taxes and 3.8q by stochastic labour taxation. The effect of

tax stochasticity on cyclical variability differs substantially across the series. Randomness in

capital taxation accounts for lOqo of the investment cycle, and for about 9qo of variability

in the physical capital stock. Innovations in labour taxes are particularly important for

physical capital fluctuations.
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Series lo standard deviation explained by
innovations in

Model economy A TK

Output 92.9 3.3 3.8

Consumption 90.4 4.2 5.3

Savings 87.6 10.1 2.4

Employment 86.2 9.9 3.9

Physical capital 83.5 9.3 7.2

Note: Simulated series are logged and detrended by the Hodrick-Prescott filtering technique, setting
the smoothing parameter at 400 (a common choice for annual data). The artificially generated
second moments are averages across 200 runs of 40 periods.

Table 5.2: Decomposition of cyclical variability.

McGrattan (1994a,b) reestimates the contribution of technology shocks to the postwar

U.S. business cycle experience in a basic real business cycle model extended with a

government sector, fiscal disturbances, and tax randomness. Her findings suggest that

something like 41 q of the variance in output is explained by technology shocks, 28 q by

disturbances in government consumption, 27q in labour tax randomness, and 4q in capital

tax shocks. We obtain similar results for capital tax stochasticity (explaining 3.3 q of output

variability), but find much smaller effects for labour tax fluctuations (3.8q of output

fluctuations). This difference could be due to the fact that we adopt a different utility function

(with an infinite elasticity of substitution between leisure in different periods) than

McGrattan.

5.7 Bringing the model to the data

After having evaluated the cyclical implications of tax randomness in the previous section,

we now turn to the crucial questions: is our model a reasonable business cycle model, and

dces tax randomness improve the model's performance? To put it differently, how well does

our model replicate some salient business cycle facts, and what is the contribution of random

taxation? Table 5.3 stunmarizes some business cycle properties for different variants of the

model, and compares these numbers with those observed for the U.S. economy. t-tests are
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carried out in order to check whether the artificially generated numbers differ significantly

from the actual data, the null hypothesis being that the generated number equals the actual

number. An asterisk denotes that the null hypothesis cannot be rejected at conventional

signiiicance intervals.

Compared to the artificial economy with constant tax rates (the second column in

Table 5.3), the introduction of tax randomness improves the model's fit along various lines.

Whereas the economy with constant tax rates cannot replicate variability in physical capital

correctly (more precisely, the standard deviation of logged and detrended physical capital

dces not significantly deviate from its observed number in the U.S. economy at conventional

significance levels), a model with tax randomness can account for observed capital stock

variability. With respect to predicted correlations with output, a model that allows for tax

randomness can explain the correlation between employment and output correctly, whereas

an artificial economy without stochastic taxation fails to reproduce any of the observed

correlations with output correctly. By-and-large (and despite of a few failures), the stochastic

endogenous growth model with stochastic taxation dces a better job than the same model

without tax randomness. Our model seems to give a close describtion of some salient U.S.

business cycle characteristics: the model economy can explain simultaneously observed

cyclical variability in production, consumption, savings, employment, and physical capital,

as well as observed cross-correlations of output with employment. Without claiming too

much, our tentative econometric evaluation at least suggests that the model constructed in this

chapter can compete successfully with existing real business cycle models.
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U.S. economy Artificial economy, Artificial economy, Artificial economy,
constant tax rates stochastic tax rates stochastic tax rates,

and stochastic
discounting

aY 2.45 2.45' 2.44' 2.44'
(0.42) (0.47) (0.43)

a~ 1.80 1.35' 1.37' 1.51'
(0.27) (0.32) (0.34)

a, 8.32 6.91' 7.29' 6.85'
(1.12) (1.21) (1.05)

a~ 1.60 1.25' 1.34' 1.79'
(0.20) (0.22) (0.31)

aK 2.42 1.50 1.56' 2.05'
(0.40) (0.45) (0.59)

p~ 0.87 0.94 0.91 0.68'
(0.01) (0.03) (0.11)

p, 0.78 0.93 0.90 0.77'
(0.02) (0.04) (0.12)

p~ 0.86 0.93 0.89' 0.78'
(0.02) (0.04) (0.07)

pK

J 1,0549x 105 111.6

0.39 0.65 0.64 0.65
(0.04) (0.07) (0.11)

8.8

Note: s-(Y-C)IY is the savings rate. Variables are logged and detrended by the Hodrick-Prescott
filtering technique, setting the smoothing parameter at 400 (a common choice for annual
data). Summary statistics for the U.S. economy are taken from Einarsson and Marquis (1994,
Table 1). The artificially generated second moments a and correlation figures with output p
are averages across 200 runs of 40 periods. a,, is adjusted in order to replicate the standard
deviation of aggregate production in the U.S.: a,,-0.0157 for the artificial economy with
constant tax rates; a,,-0.0153 for the artificial economy with stochastic tax rates; a,,-0.014
for the artificial economy with stochastic tax rates and stochastic discounting. In the latter
economy we used ~~-0.95 and a~-0.003. An asterisk indicates that the null hypothesis that
the number in the artificial economy equals the observed number for the U.S. economy,
cannot be rejected at conventional significance levels. Standard errors are in parentheses.

Table 5.3: A confrontation of the models with U.S. statistics.

An assessment of the model in terms of the individual time series properties suggests

that the inclusion of tax randomness brings the artificial economy into closer confotmity with

the data. Let us now proceed by investigating whether the model can pass the more tigorous

Wald-test. T'he actual and simulated series are respectively given by
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{Xt}r 1, XE{Y,C,s,L,K}

(X~}~ ~, XE{YCs,L,K}

where i-1,..., Ndenotes the simulation. The U.S. series from Einarsson and Marquis (1994)

that were used for X, cover the 1950-89 period, so that T-40. The simulated series Jf~ also

cover 40 time units. The null hypothesis is

Ho:

We thus test the model's ability to reproduce the observed second moments for a number of

series simultaneously. The relevant test-statistic is given by

J-
Qrl ~Qrl

aK ~QicJ

M ~ x2(k) (under H~

where k is the dimension of the vector containing the second moments. The weight matrix

M is approximated by the simulated version:

M - 1N
N~

(aY~ ... oK;)

where i-1, ..., N denotes the simulation, and T is the length of the actual and simulated

series. The J-statistics are reported in the last row in Table 5.3. The null hypothesis is

dramatically rejected in an economy with constant tax rates. A model which includes

stochastic taxation is still rejected, but the J-statistic is sharply reduced.
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5.8 Stochastic discounting

Although the introduction of tax randomness in combination with an infinite elasticity of

substitution between leisure in different periods gces a long way toward explaining observed

employment fluctuations, still a considerable fraction of employment swings cannot be

mimiced: for realistic output variability our model can (on average) explain about 84qo

(-1.34~1.6) of U.S. employment volatility. This inadequacy is largely responsible for the

models' failure to pass the Wald-test. It is a common shortcoming of real business cycle

models, known in the literature as the employment variability puzzle. It also turned out that

movements in consumption and physical capital are too smooth in the simulated series. To

try and solve these puzzles, we inevitably have to resort to the introduction of an additional

source of stochasticity. Let us assume that the logarithm of (3 follows an AR(1)-processs

~(a,.t) - (1-~p)~(a)}~p~ca~)tEp,~.~ e~-N(O,aá), i.i.d. (5.18)

The persistence of shocks to the discount factor is denoted by ~~, and innovations are

normally distributed with zero mean and a constant standard deviation va. These stochastic

preferences can be interpreted as waves in consumers' trust in the economy or "animal

spirits" regarding consumption and leisure opportunities. Since we expect preferences to

change slowly, we assume that preference shocks are more persistent than technology and

tax perturbations. In the calibration exercise we pick ~~-0.95, and a~-0.003. The last

column in Table 5.3 presents the results.

Labour market fluctuations are now exaggerated in the theoretical economy, but the

model now gives a better description of consumption and physical capital variations. The

artificial economy can also explain observed cross-correlations of output with consumption,

savings, and employment. Let us now go back to the Wald-test described in the previous

section. The J-statistic equals 8.8, which is safely below the critical value, even at a 5~

significance level. Winding up this section, to bring the model more in line with the data we

proposed to introduce stochastic discounting. Our findings imply that a theoretical economy

5 In an earlier version of this chapter we experimented with stochastic preferences for leisure.
We [hus were able to replicate observed employment movements, but consumption variability
and physical capital fluctuations were again underestimated. We therefore decided to explore
the model's characteristics in case of stochastic discounting.
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may pass the Wald-test successfully.

5.9 Discussion

Interaction between long-run growth and cyclical variabiliry

The key question in this dissertation is whether long-term economic growth and cyclical

variability are interdependent. Particularly, does an increase in the intensity of business cycle

fluctuations generally go along with higher or lower economic growth? Until now, empirical

research has not provided a satisfactory answer to the question whether economic growth and

the business cycle are interrelated. The number of studies on this topic is limited, and the

results are mixed. Some authors find a significant positive effect of cyclical variability on

economic growth (cf. Kormendi and Meguire 1985, Grier and Tullock 1989), while others

conclude the opposite (cf. Ramey and Ramey 1995, Martin and Rogers 1995). These studies

typically carry out cross-country regressions of growth rates on a number of exp(anatory

variables, including some measurement of business cycle variability. As Levine and Renelt

(1992) have convincingly shown, the outcome of the statistical analysis crucially depends on

the set of control variables. Levine and Renelt conclude that cyclical variability and economic

growth are not related in a robust manner.

Another interpretation of the different results is that the regression analysis suffers

from an endogeneity problem, making the results spurious.b Such an endogeneity bias exists

when economic growth and business cycle variability are simultaneously affected by some

other factor. For instance, one can think of political stability as a factor that might influence

both the growth performance and the stability of this growth process: countries with unstable

government coalitions may suffer lower growth and more cyclical variability than nations

with a more stable political climate. The openness of a country is another candidate for

factors that impact on growth and business cycles simultaneously: nations that trade a large

share of their GDP on world markets may enjoy faster economic growth and less business

cycle variability through international risk-sharing. A third potential explanation for economic

growth and cyclical fluctuations is government policy. This is the factor we focused on in

6 I thank José-Víctor Ríos-Rull for discussing this point with me.
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the present chapter. Particular attention is directed at the role of labour and capital taxation

on economic growth and cyclical variability. To evaluate the model's implications for the

interdependence between long-run growth and the cycle, we carry out two experiments. In

the first experiment we vary the unconditional mean of the labour tax rate, holding constant

the unconditional mean of the capital tax rate and the standard deviation of innovations in

technology and taxation. As shown earlier, labour taxation can go along with higher or lower

economic growth, depending on the specific set of parameters. We did not find a clear

relationship between labour taxation and output variability in this experiment. Therefore,

results are not reported. Secondly, we vary the unconditional mean of ihe capital tax rate,

holding constant the unconditional mean of the labour tax rate and the standard deviation of

innovations in technology and taxation. Results are shown in Figure 5.8 and 5.9. Again,

capital taxation can increase or decrease economic growth. Capital taxes spur economic

growth (in the investigated domain) for the baseline parameter set, but slow-down economic

growth when, for example, learning-by-doing becomes more important in the learning

technology, and schooling becomes less important (cf. Figure 5.2a). The figures also show

that increased capital taxation gces together with decreased output variability.' This

reduction in macrceconomic instability is basically due to smoother employment fluctuations.

By-and-large, decreased cyclical variability may go along with higher or lower economic

growth as capital taxation increases. This may cause spuriousness in regression studies in

which growth rates are regressed against some measurement of cyclical variability, without

controlling for differences in the tax structure.

' HP-filtered output variability is derived from experiments with TK- 0; 10 ~; 20~; 30l; 40 !;
50~; 60 lo ; 70q, holding TN constant at 23 !. The experiments ( 200 runs of 40 periods) are
repeated three times.
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Figure 5.8: "Negative interaction" between economic growth and the business cycle.

Figure 5.9: "Positive interaction" between economic growth and the business cycle.
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Government size and macroeconomic instabi[ity

Another interesting question is whether the size of the government matters for the intensity

of business cycle fluctuations or not. This question at least gces back to the Keynesian

literature on "automatic stabilizers" (see, for instance, Baily (1978), DeLong and Summers

(1986)). More recently, Galí (1994) finds that macrceconomic instability tends to decrease

when governments become larger for 22 OECD countries. For instance, a lOqo-point

increase in the government revenueslGDP ratio leads to a 1.6q-point reduction of output

variability (the standard deviation of per capita GDP from trend). Galí (1994) dces not pass

the raw output data through the Hodrick-Prescott (HP) filter, so that output fluctuations may

be exaggerated. We therefore applied the HP-filtering technique to per capita income data

(obtained from Summers and Heston PWT 5.6). Figure 5.10 shows the relationship between

output variability and govertunent size (government revenues as a fraction of GDP). This

figure suggests the presence of a negative link between government size and cyclical

variability. Countries with a large public sector (e.g., Sweden, Norway, France) typically

experience less cyclical fluctuations than nations with small governments (like Japan, Spain,

and Portugal). This is confirmed in a simple regression model in which output variability is

regressed against government size (and an intercept term): the regression coefficient from an

OLS procedure equals -0.066, with a standard error of 0.024. So a lOqo-point increase in

the government revenueslGDP ratio now leads to a 0.7qo-point reduction of output

fluctuations. The relationship between output variability and government size for the artificial

economy is illustrated in Figure 5.11. In the experiment, we vary the unconditional mean of

the capital tax rate, holding constant the unconditional mean of the labour tax rate and the

standard deviation of innovations in technology and taxation. Consistent with the empirical

data, the figure shows an inverse link between government size and macrceconomic

instability: the regression coefficient from a similar OLS procedure equals -0.022, with a

standard error of 0.0016. So the predicted interdependence between the size of the public

sector and the intensity of business cycle fluctuations in the artificial economy is weaker than

in reality. This may be due to cross-country differences in technology shocks and tax

randomness, but a more detailed investigation is left for future research.
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Figure 5.10: Goverttment size and macroeconomic instability in the OECD.

5.10 Evaluation and conclusion

This chapter investigated the interrelationship between long-term economic growth and

cyclical variability. It is nowadays widely believed that public schooling may contribute

favourably to long-tetm economic growth. But the income tax rates that are needed to finance

such policy typically show an erratic time pattern. Such tax randomness could increase the

intensity of the business cycle. Thus, government spending on education may spur economic

growth, but the other side of the coin is that this is likely to increase the intensity of cyclical

fluctuations. These issues were discussed in the context of a stochastic endogenous growth



Fiscal Policy in a Stochastic Model of Endogenous Growth 179

2.9 ~

2.8 ~

M 2.50a
p 2.4

2.3 ~

2.2 ~

t7
8 e

0a

0

O
8 8

10 15 20 25 30 35 40
Government revenues as a fraction of GDP ("~o)

Note: Government revenues as a fraction of GDP is calculated from T~Y-r-rKSly. HP-filtered
output variability is derived from experiments with TK-O; lOq; 20qo; 3010; 40qo; SOq;
60qo; 70q, holding rN constant at 23qo. The experiments (200 runs of 40 periods) are
repeated three times.

Figure 5.11: Government size and macroeconomic instability in the artificial economy.

model with learning-by-doing as well as educational govertunent spending. It turned out that

tax randomness contributes modestly to the business cycle pattern. About 7qo of output

variability is due to stochastic tax rates in this model economy. We investigated the ability

of our model to replicate some salient U.S. business cycle features. Whereas a version of our

model that abstracts from tax stochasticity only performs fairly, introducing tax randomness

improves the performance of the model. To bring aggregate labour market fluctuations more

in line with the data, we proposed to introduce stochastic discounting. It has been shown that

a theoretical economy may pass the Wald-test in that case. We finally discussed the model's

implications for the interaction between economic growth and cyclical variability, and for the

effect of govertunent size on macrceconomic instability.

The analysis can be extended in various directions. The present chapter started from

a positive perspective by taking government behaviour as exogenously given. A first



180 Chapter 5

suggestion for future research is to incorporate the model within a normative framework. For

instance, the question of optimal taxation and optimal fiscal policy could be addressed. This

certainly would be an ambituous project. 1'he benevolent social planner should select optimal

capital and labour tax rates, as well as an optimal spending program on lump-sum transfers

and public services. A second question addresses the issue of an optimal Ramsey taxation

scheme, for a given government spending program. A third interesting exercise would be an

evaluation of the welfare effects when tax randomness is eliminated. Another interesting

project would be to adopt more sophisticated econometric techniques (such as the Simulated

Method of Moments) to test the model's ability to replicate important business cycle facts

more thoroughly.
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Appendix I: Balanced growth.

Using the definitions for the transformed variables from section 5.3, we rewrite the equations that
characterize the model in tetms of transformed variables that are constant along a balanced growth
path:

K
j~t - Rtt(1-TN~)W~ttT[r-Cr

(1 -SN,r)wt

~r 1
1 - E pr.i- KRr.i

~rtl Yr

yr - At[zr-1Lrli-a

Dr - ayr

wr - (1-a)
L r

RI - lt(1-TKr)(Dt-S)

K t L tc,~vzrYr - zr-i(X iV r r)

Nr - Lttvr

~r - g~wr

nt - T~(St.,r-TKJg)

(1-zN~)gr - (1-~1)(tyt-~K,~a)

(A1)

(A2)

(A3)

(A4)

(AS)

(A6)

(A7)

(A8)

(A9)

(A10)

(All)

(A12)

ir - atK~t(1-a)tN~ (A13)
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As can easily be verified, A.1-A.13 directly follow from eqs. 5.2-5.6, 5.8-5.13, 5.15-5.16 and the
definition of r in the text. Since the transformed variables are constant along a balanced growth path,
the set of equations characterizing equilibrium can easily be obtained by omitting time indices:

Y' - R`t(1-tN)w'N'}n'-c'

~ -

w' - (1-a)y~
L'

(1-rN)w'

c'

R' - 1}(1-tx)(D'-S)

Y~ - xtV~L~}~v~

N' - L'tv'

v' - g `~w'

n' - ~(ty'-txa)

(1-TN)ó~ - (1-11)(7y'-TKÓ)

r - azKt(1-a)tN

(A1' )

(A3')

(A4' )

(AS' )

(A6' )

(A~' )

(A8')

(A9')

(A10')

(Al l')

(A12')

(A13' )

The proposed procedure to derive the balanced growth expression for the rate of economic growth
is the following. Using A.3' we can eliminate R' in the household's resource constraint A.1'. A11'
is plugged into A1' to eliminate x'. Using A.2' we can eliminate c' in the resource constraint. Then
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we divide the LHS and RHS of the resource constraint by (1-rN)w'. Making use of eq. A.6', we can
elimate w'. From combination of A.3', A.5', and A.7' we can write y' in terms of y(and a subset
of parameters). From A.8' we can write L' in terms of y' and v (and a subset of parameters). Using
A10', and A12' we can write v' as a function of L' and y~. Substituting these expressions into the
resource constraint and rearranging terms finally gives a complicated equation in y'; this equation is
solved numerically. Given y, balanced growth expressions for the other variables in the model can
easily be found.
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Appendix II: Solving a loglinear stochastic version of the model.

In order to study the extent to which tax randomness affects the business cycle, we solve a
loglinearized version of our model with the method of undetermined coefficients (McCa(lum 1983,
Campbell 1994, Uhlig 1995). Let y,-1n(y,)-ln(y7 denote the log-deviation of y,-Y,IK,-, from its
balanced growth value y', and define c„ 1V„ L„ v„ w„ Ít„ D„ z„ Á~, TN~, TK~, and ~3, in a similar way.
Using Uhlig's (1995) methodology of loglinearization, it can be checked that the loglinearized model
takes the form:

,~
0 - Y'yK-R'Rr-(1-TN)w'N'wr-(1-TN)w'N'IVr}TNw'N'ïN~-n'ïtrfc'cr (A1 )

0 - wr-er

x
0 - Er~Qr.1}~r-~r.l-Yr tRr.t~

0 - yr-Ár-(1-a)ir-~-(1-a)Lr

0 - Dr-yr

0 y wr-yr}L'r

0 - R'Rr-(1-TK)D`Drt(D'-S)TKTKr

0 ~ Y~Zr-Y~zr ~tY~YK-~rL`Lr-c~v'vr

0 - N`I'Vr-L'Lr-v'vr

0 - vr-gr}wr

o- -n Ty `ir-rl Ty `yr}~ a TKí: x~

(A3")

(A4")

(AS ")

(A6")

(A~'~ )

(A8")
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(A10")

(Al l ")
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We finally write the linear system in matrix form, suitable to run the MATLAB software package
developed by Uhlig ( 1995). The method in Uhlig ( 1995) yields the recursive equilibrium laws of
motion in the form

y~ - ~~-~ }~yssr (A.14)

where An is the partial elasticity of y, with respect to i,.,, and Ays is a vector of partial elasticities of
y, with respect to S,. S, is a vector of the stochastic series for total factor productivity, capital taxation,
and labour taxation: S,-[Á, "rK, TN,]'. Given balanced growth values y', c', 11f, L', v', w', R', D', and
z', the method delivers the coefficients Ay~, Ay,,, A~,K, Arix, A~,,, Au, ..., i.e. the recursive equilibrium
laws of motion

i~ - ~rzt-i}~~~

and

yt
í;~

1V~

L'~

v - ~~`-t}~sS`~

w~

Rt

Dt

where tlp, ... , f2s are matrices containing the partial elasticities we are looking for.

(A.15)

(A.16)
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Samenvatting (in Dutch)

De meeste landen laten in historisch perspectief een tcename van economische bedrij-

vigheid zien. Een Nederlandse werknemer in 1997 kan ongeveer driemaal meer produce-

ren dan zijn I haar ouders zo'n vijfentwintig jaar geleden. Bij een vergelijkbare tcekom-

stige ontwikkeling zullen de kinderen van deze werknemer over vijfentwintig jaar zo'n

negen maal produktiever zijn dan hun grootouders. Deze geleidelijke stijging van de

produktie wordt economische grcei gencemd. Het patroon van economische ontwikkeling

zoals we dat waarnemen in de data is echter verre van geleidelijk. Soms zijn er tijden van

verhoogde economische activiteit, en stijgt de produktie sneller dan wat op langere

termijn haalbaar is. We zeggen dan dat er sprake is van een opleving in de economische

bedrijvigheid. Zulke perioden van hoogconjunctuur worden afgewisseld met tijden van

economische neergang, ook wel recessies gencemd.

Dit onderscheid tussen economische grcei en conjunctuur vindt tevens zijn

neerslag in macro-economisch onderzcek. De ene grcep onderzcekers richt zich op het

verklaren van economische grcei, terwijl andere economen zich concentreren op vraag-

stukken met betrekking tot conjunctuurschommelingen. Impliciet wordt aldus veronder-

steld dat economische groei en cyclische fluctuaties onderling onafhankelijk zijn. Het

wordt geoorloofd geacht om economische groei te bestuderen door de conjunctuurcompo-

nent uit de data te filteren, en de aandacht te concentreren op lange-termijn ontwikkelin-

gen. Bij conjunctuuranalyse wordt normaliter de lange-termijn trend uit de data gehaald,

en wordt gekeken naar cyclische fluctuaties rondom deze trend. Er zijn echter vele

redenen denkbaar waarom korte- en lange-tetmijn economische ontwikkelingen onderling

verbonden kunnen zijn. Zo kunnen conjunctuurschommelingen hogere besparingen

uitlokken, omdat mensen zich willen verzekeren voor eventuele toekomstige inkomensver-

liezen. Dit kan de economische groei versnellen, wanneer hogere besparingen leiden tot

meer investeringen. Ook kunnen conjunctuurschommelingen het gevolg zijn van Schumpe-

teriaanse creatieve destructie, en aldus nauw gerelateerd zijn met de economische grcei.

Dit prcefschrift handelt over economische grcei en conjunctuur in het algemeen, en over

deze interdependentie in het bijzonder.

Het eerste hoofdstuk ("Economic Growth and Business Cycles; Preliminaries")

heeft een inleidend en oriënterend karakter. Allereerst wordt kort ingegaan op de waarge-
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nomen economische grcei van een aantal geïndustrialiseerde landen in de na-oorlogse

periode. Een opvallend kenmerk is dat de geïndustrialiseerde wereld wordt getroffen door

een grceivertraging in de periode na 1973, ten opzichte van de blceiperiode tijdens de

vijftiger en zestiger jaren. De ontwikkeling en uitwerking van de nieuwe "endogene"

grceitheorie gedurende de jaren tachtig door Robert Lucas, Sergio Rebelo, Paul Romer

e.a. biedt een theoretisch kader om empirisch waargenomen grceipatronen te verklaren.

In dit hoofdstuk wordt de nieuwe grceitheorie van Maurice Scott empirisch onderzocht.

Volgens deze theorie wordt de economische grcei bepaald door de investeringsinspanning

en de werkgelegenheidsgroei. Scott hanteert een ruim investeringsbegrip. Investeringen

worden gedefinieerd als de kosten van verandering, in tetmen van gederfde consumptie-

mogelijkheden. Als zodanig vallen tevens uitgaven aan onderzcek en ontwikkeling,

marketing en marktonderzcek, onderwijs, en allocatie van produktiefactoren naar

doelmatiger sectoren onder dit ruime (macro-economisch) investeringsbegrip. Om te

onderzceken in hceverre dit theoretisch model een verklaring kan bieden voor het

empirisch waargenomen grceipatroon, wordt een regressie-analyse uitgevoerd. Het blijkt

dat het groeimodel van Scott ongeveer 60q van de waargenomen variatie in economische

groei tussen landen en over de verschillende deelperioden kan verklaren.

In de initiële analyse is aangenomen dat de investeringen exogeen bepaald worden.

Omdat investeringen zo'n cruciale rol spelen bij de economische groeiprestatie, laten we

deze veronderstelling los en gaan op zcek naar de achterliggende factoren die de investe-

ringen beïnvloeden. Om één en ander te concretiseren, worden drie mogelijke verklarin-

gen voor de investeringsinspanning onderzocht. Op de eerste plaats kijken we naar de

arbeidsinkomensquote. De te onderzceken hypothese is dat investeren wordt ontmoedigd

wanneer werknemers in staat zijn zich een groter deel van het nationaal inkomen tce te

eigenen. Ten tweede wordt gekeken in hoeverre werkloosheid, en de daarmee gepaard

gaande vraaguitval, de investeringen negatief beïnviceden. Als laatste wordt geanalyseerd

of de aanwezigheid van menselijk kapitaal van inviced is op de investeringsbereidheid.

Het blijkt dat de drie verklaringen gezamenlijk een vrij gced beeld schetsen van het

investeringsgedrag. Omdat de investeringen nu niet langer exogeen zijn, mcet de

oorspronkelijke regressie-analyse herhaald worden met behulp van de instrumentele

variabele methode. Het blijkt echter dat de eerdere resultaten niet ncemenswaardig

veranderen.
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In het vervolg van het eerste hoofdstuk wordt aandacht geschonken aan conjunc-

tuurschommelingen. Een aantal cyclische eigenschappen van de conjunctuurervaring komt

aan bod, en er wordt gekeken in hoeverre er sprake is van internationale "wetmatighe-

den". Daarna komt de centrale vraag aan de orde of er een verband bestaat tussen

economische groei en conjunctuur. De bestaande empirische literatuur suggereert de

aanwezigheid van een positieve relatie tussen groei en conjunctuur, hcewel voorzichtig-

heid hierbij op z'n plaats is. Het hoofdstuk sluit af inet een overzicht van theoretische

verklaringen voor interactie tussen economische groei en conjunctuur.

Hoofdstuk 2, getiteld "Altruism and the Macrceconomic Effects of Demographic

Changes", is een gezamenlijk project met Lex Meijdam. Dit hoofdstuk handelt over de

macro-economische gevolgen van demografische veranderingen, zoals vergrijzing en

geboortengolven. In de bestaande literatuur op dit gebied worden verschillende cruciale

veronderstellingen naast elkaar gebruikt, zonder de consequenties hiervan te becommenta-

riëren. Zo gaan sommige studies uit van een "Milliaanse" intertemporele nutsfunctie,

waarbij het nut niet wordt gewogen met de bevolkingsomvang. Andere studies hanteren

een "Benthamiaanse" nutsfunctie waarbij deze weging wèl plaatsvindt. Ook worden

verschillende aannamen gemaakt over de mate van intergenerationeel altruïsme. In het

standaard neoklassieke model met oneindig lang levende representatieve individuen is

sprake van altruïsme in de zin dat elk nieuw geboren kind een transfer ontvangt van de

bestaande generatie. In modellen met overlappende generaties zijn zulke intergenerationele

overdrachten afwezig, zodat individuen niet langer homogeen zijn. In dit hoofdstuk wordt

een algemeen model gebouwd, waarin de Benthamiaanse en Milliaanse nutsfunctie en de

aan- of afwezigheid van altruïsme als speciale gevallen kunnen worden bestudeerd.

Vervolgens worden twee demografische experimenten uitgevoerd, een permanente

verlaging van de bevolkingsgrcei ("vergrijzing") en een tijdelijke verhoging van de

bevolkingsgrcei ("geboortengolf"). Het blijkt dat de macro-economische gevolgen van

deze bevolkingsschokken sterk afhangen van eerdergencemde veronderstellingen. Zo zal

vergrijzing in een Benthamiaanse economie leiden tot een tijdelijke recessie, terwijl dit in

een Milliaanse economie gepaard zal gaan met een permanente tcename in economische

activiteit. De resultaten voor een economie zonder altruïsme liggen gemiddeld tussen die

van de Benthamiaanse en Milliaanse uitkomst in.

Het derde hoofdstuk, "Business Cycles in a Two-Sector Model of Endogenous
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Growth", handelt over de interactie tussen conjunctuur en lange-termijn economische

grcei. Twee empirische verschijnselen motiveren dit project. Ten eerste, accumulatie van

menselijk kapitaal vertoont een anticyclisch patroon: in tijden van economische tegen-

spoed wordt een grotere inspanning geleverd om tot uitbreiding van het bestaande

kennisniveau te komen dan gedurende perioden van hoogconjunctuur. De economische

intuïtie achter dit verschijnsel is dat de opportunity costs van onderzcek en ontwikkeling

in termen van gederfde produktie- en verkoopinkomsten relatief laag zijn tijdens recessies.

Ten tweede, een aantal empirische studies suggereert dat een heviger verloop van de

conjunctuur gepaard gaat met een versnelling van de economische grcei. Ter verklaring

van beide waarnemingen wordt een stochastisch model geconstrueerd met endogene

economische grcei. Economische grcei wordt gedreven door uitbreiding van de voorraad

menselijk kapitaal. In navolging van Robert Lucas nemen we aan dat accumulatie van

menselijk kapitaal in een aparte sector plaatsvindt met arbeidstijd als enige produktiefac-

tor. Conjunctuur wordt in de analyse geïntroduceerd door het opleggen van exogene

produktiviteitsschokken op de produktiesector en de onderzcekssector. Uit de analyse

blijkt dat een heviger verloop van de conjunctuur kan leiden tot snellere economische

grcei, omdat mensen zich proberen te verzekeren tegen inkomensrisico door meer tijd aan

scholing en onderzcek te besteden. Conjunctuurschommelingen van waargenomen omvang

kunnen volgens dit moc~Pl de lange-tenmijn grcei met zo'n 0.16q-pun[ verhogen. Tevens

wordt een poging ondernomen om de welvaartswinst van het elimineren van conjunctuur-

schommelingen te kwantificeren. Rekening houdend met het algemeen-evenwichtseffect

van conjunctuur, vinden we een welvaartswinst van zo'n 0.12qo. Tenslotte breiden we het

basismodel uit met endogeen arbeidsaanbod en externe effecten van menselijk kapitaal.

Dit blijkt de belangrijkste conclusies niet te veranderen.

In het vierde hoofdstuk "Growth and the Cycle: Creative Destruction versus

Entrenchment" (geschreven met Harald Uhlig) bekijken we het vraagstuk van de interactie

tussen grcei en conjunctuur vanuit een neo-Schumpeteriaans gezichtspunt. Nieuwe,

verbeterde, produkten worden geïntroduceerd door nieuwe bedrijven, die daanmee de

bestaande ondernemingen uit de markt drijven. De monopoliewinsten die deze nieuwe

bedrijven maken lokken op hun beurt nieuwe pogingen uit om tot produktverbetering te

komen, op den duur leidend tot een nieuwe ronde van innovatie, markttcetreding en

vervanging van de bestaande marktleider. Monopolisten kunnen echter proberen om hun
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marktpositie te verstevigen, door bijvoorbeeld een vaste klantenkring op te bouwen, of

door marginale verbeteringen bij hun produkt aan te brengen. Zulke marginale verbete-

ringen zullen aldus de verwachte levensduur van de bestaande monopolist verlengen.

Hcewel recessies niet hceven te leiden tot het verlies van technologisch leiderschap,

kunnen deze wel gepaard gaan met een uiteenvallen van de vaste klantenkring. Recessies

zullen aldus gced zijn voor de economische grcei, omdat de bestaande marktleider wordt

verzwakt zodat innoveren wordt aangemcedigd. In bepaalde gevallen blijkt dat een sterke

monopolist alle prikkels voor onderzcek kan wegnemen, en aldus volledig verankerd is in

de markt totdat een nieuwe recessie de marktleider verzwakt. We vinden een lineair

verband tussen economische grcei en de hevigheid van conjunctuurschommelingen, een

U-votmig verband tussen de kans op een marginale produktverbetering en de gemiddelde

grceivcet, en een positief verband tussen de kans op recessies en de economische grcei.

Tenslotte tonen we aan dat een stochastisch belastingprogramma het sociaal gewenste

evenwicht kan herstellen. Algemeen-evenwichtseffecten kunnen interessante uitkomsten

opleveren, die tegen de gangbare intuïtie van een partieel-evenwichtsmodel indruisen: in

een aantal gevallen zal een subsidie op onderzoek leiden tot een ontmoediging ervan.

Hoofdstuk vijf ("Fiscal Policy in a Stochastic Model of Endogenous Growth")

onderzcekt in hceverre de overheid een rol kan spelen bij economische grcei en conjunc-

tuur. Publieke voorzieningen zoals onderwijs, infrastructuur en het juridisch stelsel

kunnen de economische grcei stimuleren. Maar de effectieve marginale belastingvceten

ter financiering van deze voorzieningen vertonen een grillig patroon. Zulke stochastische

belastingen kunnen conjunctuurschommelingen verhevigen. Overheidsbestedingen kunnen

aldus aan de ene kant de lange-termijn grcei bevorderen, maar tevens leiden tot een

verheviging van de conjunctuur. Dit idee is uitgewerkt in een stochastisch grceimodel met

learning-óy-doing en learning-or-doing. De belangrijkste bevindingen zijn de volgende.

Onder bepaalde voorwaarden kan een stijging van de inkomstenbelasting samengaan met

hogere economische grcei. Het positieve effect van belastingheffing op de grcei via

onderwijs domineert het negatieve effect via verlaging van het arbeidsaanbod. Bovendien

kan belastingheffing in sommige gevallen zelfs leiden tot een stijging van het arbeidsaan-

bod. Menselijk kapitaal draagt het karakter van een publiek goed, zodat individuen

overheidsbestedingen ter financiering van scholingsactiviteiten als een verlies opvatten.

Het hiermee samenhangende negatieve welvaartseffect kan ertce leiden dat individuen hun
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vraag naar vrije tijd zullen vetminderen, en aldus meer arbeid zullen aanbieden. Ten

tweede blijkt dat slechts zo'n 7q van de produktieschommelingen kan worden tcegeschre-

ven aan stochastische belastingen. Hcewel de introductie van stochastische belastinghef-

fing de model-economie dichter bij de werkelijkheid brengt, worden met name schomme-

lingen in de werkgelegenheid sterk onderschat. Deze tekortkoming van het model is in

belangrijke mate verantwoordelijk voor het falen van het model bij een Wald-test.

Daarom worden stochastische preferenties aan het model tcegevcegd. Deze aanpassing

leidt ertce dat het model de Wald-test kan doorstaan. Bij een variërende omvang van de

overheid kan zowel een positief als negatief verband tussen grcei en conjunctuur worden

waargenomen. Tenslotte, het model voorspelt een stabiliserende invlced van overheidsbe-

stedingen op de conjunctuur.
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