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Abstract

This paper contains an investigation into the potential linkages
between the short-run (cyclical) and long-run (secular) movements in
economic activity. The investigation is based on an analytically solv-
able stochastic monetary growth model in which learning-by-doing
accounts for endogenous technological change. The dynamic general
equilibrium of this model implies that both the …rst and second mo-
ments of disturbances have …rst-order e¤ects on both the …rst and
second moments of variables. Given this, it is shown that the cor-
relation between the mean and variance of output growth depends
fundamentally on two main factors - the source of stochastic ‡uc-
tuations (real shocks or nominal shocks) and the functioning of the
labour market (wage ‡exibility or wage rigidity). These results con-
tradict certain common presumptions and may help to explain certain
empirical evidence.

1 Introduction

Since the seminal contribution by Nelson and Plosser (1982), it has become
customary to treat most macroeconomic time series as containing stochastic
trends. Until lately, these trends were typically associated with the occur-
rence of exogenous technology shocks that follow a unit root process, a per-
spective exempli…ed in early real business cycle models. Such a perspective

¤The authors are grateful for the …nancial support of the Bank of England and the
Leverhulme Trust. The usual disclamer applies.
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is based either implicitly or explicitly on the traditional dichotomy between
business cycles and growth. Yet modern dynamic general equilibrium analy-
sis does not support this dichotomy: on the contrary, a key implication of
stochastic endogenous growth theory is that any temporary disturbance can
have a permanent e¤ect on output so long as it changes the amount of re-
sources on which productivity improvements depend. Moreover, this is true
not only of temporary real shocks, as in the models of Bean (1990), Fatas
(2000) and King et al. (1988), but also of transitory nominal shocks in the
presence of nominal rigidities, as in the models of Blackburn (1999), Pel-
loni (1997) and Stadler (1990). In all of these cases, stochastic trends are
generated not by some arbitrary, exogenous impulse process, but rather by
endogenous responses of technology to changes in the current state of the
economy.1

Recently, the question of how the structure of the business cycle (in par-
ticular, the volatility of ‡uctuations) might a¤ect long-term growth has been
the subject of more detailed consideration. Broadly speaking, one may dis-
tinguish between two contrasting approaches with the potential to generate
di¤erent conclusions based on alternative assumptions about the mechanism
responsible for engendering endogenous technological change. According to
one class of models - models in the spirit of Schumpeter (1942), where the
mechansim takes the form creative destruction - recessions are events which
have a positive impact on growth by reducing the opportunity cost of divert-
ing resources away from manufacturing towards productivity improvements
(e.g., Aghion and Saint-Paul 1998a, 1998b). According to another class of
models - models in the spirit of Arrow (1962), where the mechansim is based
on learning-by-doing - recessions are episodes which have a negative e¤ect
on growth by lowering factor employment through which expertise, knowl-
edge and skills are acquired and disseminated (e.g., Martin and Rogers 1997,
2000). Depending on which of these perspectives is taken, it is possible to
draw very di¤erent implications concerning the overall relationship between
short-term volatility and long-term growth - that is, a positive relationship in
the case of the former, but a negative relationship in the case of the latter.2

Signi…cantly, none of the above analyses take into account the role of sav-
ings behaviour in determining growth. By contrast, de Hek (2000) develops
a model of cyclical-secular interactions in which learning-by-doing is com-

1This view of aggregate ‡uctuations raises questions not only about the traditional
decomposition of time series into cyclical and secular components, but also about the
more recent practice of conditioning this decomposition on the assumption that demand
shocks have no long-run e¤ects (e.g., Blanchard and Quah 1989).

2For related contributions on the subject, see Caballero and Hammour (1994), Hall
(1991) and Ramey and Ramey (1991).
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bined with the accumulation of physical capital, and the source of stochastic
‡uctuations is a random productivity parameter in the learning process it-
self. The main …nding is that the correlation between growth and volatility
depends acutely on the nature of agents’ preferences, as re‡ected in the elas-
ticity of intertemporal substitution: the higher (lower) is this elasticity, the
more likely it is that an increase in uncertainty will lower (raise) long-run
growth. A similar result is established by Jones et al. (1999) in a model of
stochastic growth based on the private accumulation of physical and human
capital (rather than the public accumulation of non-rival knowledge) into
which …nal output is converted subsequent to the realisation of technology
shocks.3

Empirically, the sign of the relationship between growth and volatility
remains inconclusive. For example, there are a number of studies based
on cross-country or cross-regional comparisons in which the correlation be-
tween the average growth of output and the variability of output growth
is found sometimes to be positive (e.g., Grier and Tullock 1989; Kormendi
and Meguire 1985), sometimes to be negative (e.g., Martin and Rogers 2000;
Ramey and Ramey 1995) and sometimes to be zero (e.g., Dawson and Stephen-
son 1997). Similarly, evidence from the fewer time series investigations of
individual countries is also mixed, suggesting a correlation that is positive
in some instances (e.g., Caporale and McKiernan 1996), but statistically in-
signi…cant in others (e.g., Grier and Perry 2000; Speight 1999).

This paper is intended as a further contribution to the integration of
business cycle analysis with growth theory. Like the contributions by de
Hek (2000) and Jones et al. (1999), it may also be viewed within a broader
context as an extension of the literature on optimal savings and growth un-
der uncertainty (e.g., Brock and Mirman 1972; Leland 1968; Levhari and
Srinivasan 1969; Mirman 1971; Rothschild and Stiglitz 1971). Our preoccu-
pation in the paper involves taking a closer look at the non-stationary time
series properties of a typical stochastic growth model (with the inclusion of
money) in which learning-by-doing accounts for linkages between the short-
run (cyclical) and long-run (secular) movements in economic activity.4 The
model is deliberately constructed so as to enable us to establish our results

3de Hek (2000) also considers the case of physical and human capital accumulation,
but in a two-sector model where uncertainty derives from randomness in the return on
human capital investment. While there is the prediction of a negative correlation between
growth and volatility, the analysis is restricted to the case of logarithmic utility for reasons
of tractability.

4For a recent evaluation of learning-by-doing, including the estimation of an explicit
learning-by-doing function and a quantitative investigation of the role of learning-by-doing
in propagating ‡uctuations, see Cooper and Johri (1999).
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analytically on the basis of closed-form representations for the stochastic de-
cision rules that solve agents’ intertemporal optimisation problems. The key
feature of the model is that the means and variances of variables are deter-
mined jointly as part of the dynamic general equilibrium. As a consequence,
both the …rst and second moments of disturbances have …rst-order e¤ects on
both the …rst and second moments of the growth rate of output.

The main insight of our analysis is that, given learning-by-doing, the
relationship between cyclical volatility and secular growth depends funda-
mentally on two main factors - the source of stochastic ‡uctuations and the
functioning of the labour market. As regards the former, we consider three
di¤erent varieties of exogenous shock, two of which are real (a preference
shock and a government spending shock) and one of which is nominal (a
monetary growth shock).5 As regards the latter, we distinguish between two
types of labour market environment according to whether wages are ‡exi-
ble (as in a pure real business cycle model) or predeterimed by contracts
(as in a new-Keynesian-type model).6 Depending on both the nature of the
disturbance and the circumstances in the labour market, the correlation be-
tween short-term volatilty and long-term growth may be either positive or
negative. As in de Hek (2000), this contradicts the normal presumption of
a singularly negative correlation in situations (like ours) where the engine
of growth is learning-by-doing. On the contrary, our analysis yields the un-
equivocal results that long-run growth is negatively related to the volatility of
(non-neutral) nominal shocks, but positively related to the volatility of real
shocks. From an empirical standpoint, these results are consistent with the
observations of a generally ambiguous relationship between output growth
and output variability, but a systematically negative relationship between
output growth and nominal variability (e.g., Grier and Tullock 1989; Grier
and Perry 2000; Judson and Orphanides 1996; Kormendi and Meguire 1985).

The remainder of the paper is organised as follows. In Section 2 we
present a description of the model. In Section 3 we solve for the stochastic
dynamic general equilibrium. In Section 4 we establish our main results.

5Each of these shocks has been incorporated previously into real business cycle-type
models (e.g., Stockman and Tesar 1995; Christiano and Eichenbaum 1992; Cooley and
Hansen 1997). We abstract from technology shocks solely for simplicity since the e¤ects of
these shocks are subdued in the usual way (and rendered inconsequential for our principle
concern with the relationship between growth and volatility) by the assumptions needed
to ensure closed-form solutions. For related analyses that deal with such disturbances, see
Benavie et al. (1996) and Jones et al. (1999).

6Alternatively, or simultaneously, one might wish to consider similar di¤erences in the
structure of the goods market (i.e., price ‡exibility or price rigidity). Our presumption is
that one would obtain the same basic results as those established here. For recent evidence
on nominal wage and price stickiness, see Kahn (1997) and Taylor (1998).
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And in Section 5 we o¤er a few concluding remarks.

2 The Model

Time is disrete and indexed by t = 0; :::;1. We consider an arti…cial econ-
omy in which there are constant populations (normalised to one) of identical,
immortal households and identical, competitive …rms. This economy has the
familiar basic structure of a standard stochastic growth model. It is de-
liberately stylised in order to focus and simplify the analysis, and is not
meant to provide a complete account of the mechanisms underlying aggre-
gate ‡uctuations. In particular, since our intention is to illustrate without
having to resort to numerical simulations, we adopt the usual speci…cations
of preferences and technologies that admit closed-form solutions. That is,
we assume logarithmic utility functions, Cobb-Douglas production functions
and 100 percent rates of depreciation. We have no reason to believe that
our main results would not survive under more general speci…cations that
would be unlikely to yield signi…cant additional insights from the loss of an-
alytical tractability. What is important for obtaining our results is that one
preserves the intrinsic dependence of the equilibrium decision rules on the
variance-covariance structure of the random disturbances. It is worth noting
that this aspect is often lost - albeit for excusable purposes - due to the com-
mon practice (especially in the absence of closed-form solutions) of deriving
such rules by taking linear (e.g., log-linear) approximations which bestow
the convenient property of certainty equivalence at the cost of sacri…cing the
higher order moments of the stochastic processes and missing out potentially
important e¤ects of uncertainty.

2.1 Firms

The representative …rm combines Nt units of labour with Kt units of capital
to produce Yt units of output according to

Yt = (ZtNt)
®K1¡®

t ; ® 2 (0; 1): (1)

The term Zt represents an index of knowledge which is freely available to all
…rms and which is acquired through serendipitous learning-by-doing. As
in Romer (1986), this provides the mechanism of endogenous growth in
the model. Following convention, we approximate the stock of disembod-
ied knowledge by the aggregate stock of capital which is taken as given by
each …rm so that learning takes the form of a pure externality.
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Labour and capital are hired from households at the real wage rate Wt

Pt
and real rental rate Rt, respectively, where Wt is the nominal wage and Pt is
the price of output. Pro…t maximisation implies

Wt

Pt
= ®Z®t N

®¡1
t K1¡®

t =
®Yt
Nt
; (2)

Rt = (1¡ ®)Z®t N®
t K

¡®
t =

(1¡ ®)Yt
Kt

: (3)

2.2 Households

The representative household derives lifetime utility, U , according to

U =
1X

t=0

¯t [°t log(Ct) + µ log()Mt¡1ÁtPt ¡ ¸Lt] ; ¯ 2 (0; 1); µ; ¸ > 0; (4)

where Ct denotes consumption, Mt¡1Át
Pt

denotes real money balances and Lt
denotes labour. To generate a demand function for money, we adopt the
familiar short-cut device of introducing money directly into the utility func-
tion, rather than specifying explicitly a separate transactions technology.
The quantity Mt¡1 is understood to denote beginning-of-period t (i.e., end-
of-period t¡1) nominal cash balances which are augmented by a proportional
monetary transfer, Át.

7 This transfer is an exogenous random variable, as
is the term °t which represents a preference a shock (or a shock in the un-
derlying transactions process). The speci…cation of the labour term, ¸Lt, is
another feature that our model shares with several others and may be inter-
preted in one of two ways - either as a simple assumption that individuals
derive linear utility from leisure, or as a reduced-form preference ordering
under circumstances where labour is indivisible and individuals choose em-
ployment lotteries in the manner of Hansen (1985) and Rogerson (1988).8

De…ning At as real assets and St as real lump-sum taxes, the budget con-
straint for the household is given by

Ct +
Mt

Pt
+At+1 =

Wt

Pt
Lt +

Mt¡1Át
Pt

+RtAt ¡ St: (5)

7In some models, it is end-of-period (rather than beginning-of-period) money holdings
that serve as the reference point. To the extent that money yields utility by facilitating
transactions, it seems more reasonable to adopt the present formulation. The assump-
tion that monetary transfers are proportional (rather than lump-sum) is made largely for
analytical convenience, as in other investigations (e.g., Benassy 1995).

8This term could be generalised to ¸L´
t (´ > 1) without a¤ecting our main results.
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Each household confronts the problem of maximising the expected value
of intertemporal utility in (4) subject to the sequence of budget constraints in
(5). The information set conditioning expectations consists of the values of
all parameters, the current and past values of all variables and the probability
distributions of all shocks. The problem is solved, in part, by choosing plans
for consumption, money balances and asset holdings that satisfy the following
conditions:

°t
Ct
= ¯Et()°t+1Rt+1Ct+1; (6)

°t
PtCt

= ¯µ
1

Mt
+ ¯Et()°t+1Át+1Pt+1Ct+1; (7)

where Et denotes expectations.9 Plans for the number of hours to work are
governed by circumstances in the labour market, about which we make two
alternative assumptions. The …rst is that this market is competitive with
households being free to choose their desired labour supplies, given perfectly
‡exible wages. This implies the condition

¸ =
°tWt

PtCt
: (8)

The second assumption is that the labour market is non-competitive, but
characterised, instead, by monopolistic unions that choose a nominal wage at
which households supply whatever labour is demanded by …rms. We assume
that wage setting takes place prior to the realisations of shocks on the basis of
one-period contracts. In this case, therefore, the economy displays nominal
rigidities, as in the early contracting models of Gray (1976) and Fischer
(1977), as well as those of a more recent vintage (e.g., Benassy 1995; Cho
and Cooley 1995; Cooley and Hansen 1995). In contrast to these models,
however, we suppose that the contract wage is chosen so as to maximise
households’ expected utility (e.g., Hairault and Portier 1993; Rankin 1998;
Soskice and Iverson 2000), rather than to satisfy some ad hoc criterion, such
as the maximisation of other union objectives or the requirement that the
labour market is expected to clear. When making this choice, workers take
account of the response of labour demand, as expressed in (2). Given this,
the optimal wage set at the end of period t¡1 for period t is found to satisfy10

¸Et¡1(Nt) = ®WtEt¡1()°tNtPtCt: (80)

9The term °t

Ct
is understood to be the marginal utility of consumption, or shadow value

of wealth, being equal to the Lagrange multiplier attached to (5).
10That is, Wt is chosen so as to maximise the expected value of (4) subject to (5) and

the condition that Lt = Nt = ()WtPt®Z®
t K1¡®

t

1
®¡1 from (2).
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The equilibrium of the household is now characterised completely by the …rst-
order conditions in (6), (7) and either (8) or (80), the budget constraint in (5)
and the transversality conditions lim¿!1 ¯

¿Et()°t+¿Mt+¿¡1Át+¿Pt+¿Ct+¿ =
lim¿!1 ¯

¿Et()°t+¿At+¿+1Ct+¿ = 0.

2.3 Stochastic Processes

There are three types of random disturbance in the model, two of which
are real and one of which is nominal. The two real disturbances are the
preference (or transactions) shock, °t, and a …scal shock, Ãt. In order to
focus on pure …scal disturbances, we assume that the government runs a
continuously balanced budget so that its total expenditures, Gt, are …nanced
exclusively by its total tax receipts, St. In addition, we require that these
disturbances are introduced in such a way as to be consistent with a steady
state balanced growth equilibrium in which the share of government spending
is constant. The simplest means of achieving this is to de…ne Ãt as the
stochastically-determined (stationary) ratio of public expenditures, or taxes,
to private consumption.11 Accordingly,

Gt = St = ÃtCt: (9)

The nominal disturbance is the random monetary transfer, Át.
12 This is

understood to be a shock to the monetary growth rate, causing ‡uctuations
in the money supply, Ht, in compliance with

Ht = ÁtHt¡1: (10)

We assume that the disturbances are governed by independent, bounded,
stationary stochastic processes with constant …rst and second moments. The
realisations of the disturbances, f°t; Ãt; Átg, are con…ned to lie within non-
negative intervals, f(°; °); (Ã;Ã); (Á; Á)g, that satisfy the bounds on employ-
ment. The unconditional means and variances of the disturbances are de-
noted, respectively, by f¹°; ¹Ã; ¹Ág and f¾2°; ¾2Ã; ¾2Ág. Other than these prop-
erties, we place no restrictions on probability distributions.

11Alternatively, we could de…ne Ãt as the ratio of government expenditures to output
(or investment), though the analysis is a little less straightforward in this case. The same
type of approach to modelling …scal shocks has been followed by others (e.g., Turnovsky
1993). Similarly, we assume for simplicity that government expenditures do not enter the
utility or production functions of agents.

12The model could be extended to include another type of nominal shock - a velocity
shock - by allowing the parameter µ in (4) to be stochastic. Since the e¤ects of such a
shock are essentially the same as the e¤ects of Át, we focus on the latter for convenience.
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3 General Equilibrium

The solution of the model is a stochastic dynamic general equilibrium which
describes the aggregate behaviour of the economy based on the optimal de-
cision rules that solve …rms’ and households’ maximisation problems. The
equilibrium is computed by combining the relationships obtained so far with
the market clearing conditions Ct+Kt+1+Gt = Yt (for goods), Kt = At (for
capital), Mt = Ht (for money) and Nt = Lt (for labour). Given the struc-
ture of the model, we may proceed in two stages, the …rst of which entails
determining the solutions for consumption, capital and money holdings for a
given level of employment, and the second of which involves establishing the
solution for employment, itself. Details of the derivations are relegated to an
Appendix.

3.1 Consumption, Capital Accumulation and Cash Bal-
ances

After appropriate substitutions, we are able to write (6) and (7) as

°tKt+1

Ct
= ¯(1¡ ®)¹°(1 + ¹Ã) + ¯(1¡ ®)Et()°t+1Kt+2Ct+1; (11)

°tMt

PtCt
= ¯µ + ¯Et()°t+1Mt+1Pt+1Ct+1: (12)

Each of these expressions de…nes a stochastic expectations di¤erence equation
which is solved by imposing the relevant transversality condition. Doing this,
and exploiting our other relationships, we obtain the following results:

Ct =
(1¡ a)°t

(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)
Yt; (13)

Kt+1 =
a¹°(1 + ¹Ã)

(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)
Yt; (14)

Mt

Pt
=

(1¡ a)¯µ
(1¡ ¯)[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]

Yt; (15)

where a = (1¡ ®)¯.
According to (13), (14) and (15), the equilibrium levels of consumption,

capital and real money balances are stochastically proportional to the level of
output.13 For a given level of employment (on which output depends), each

13In the absence of preference and …scal shocks, (13) and (14) would reduce to the
standard expressions obtained in the simplest type of real business cycle model, namely
Ct = aYt and Kt+1 = (1 ¡ a)Yt.
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of these variables exhibits the usual response to each type of real disturbance:
consumption increases, investment decreases and money demand decreases
with higher realisations of the preference shock, °t; and consumption de-
creases, investment decreases and money demand decreases with higher real-
isations of the …scal shock, Ãt. The fact that these responses are non-linear
plays a crucial role in our subsequent analysis. In particular, we note that
the average output share of investment is an increasing function of the vari-
ances of the shocks. This is due to the positive e¤ect of uncertainty on the
precautionary demand for savings and can be established straightforwardly
by appealing to the well-known result of Rothschild and Stiglitz (1970) that
the expected value of a concave (convex) function of a variable is decreased
(increased) by a mean-preserving spread of that variable. As indicated ear-
lier, this result would not have survived had we followed the common practice
(at least in the absence of closed-form solutions) of linearising the model at
the point of establishing the …rst-order conditions for agents - a case of pre-
mature approximation that would have led to certainty equivalence which is
not strictly satis…ed in the model. By preserving the result, we keep sight of
the true properties of the equilibrium decision rules which imply that both
the …rst and second moments of disturbances have …rst-order e¤ects on the
average levels of variables. As we shall see, these e¤ects are transmitted to
the average growth rates of variables as well.

3.2 Employment

The solution for employment depends on the assumption about the structure
of the labour market - that is, whether this market is treated as being either
perfectly competitive with fully ‡exible wages, or imperfectly competitive
with temporarily (one-period) …xed wages. We consider each case in turn.

In a perfectly competitive environment, households choose their labour
supplies so as to satisfy the condition in (8). Together with our other rela-
tionships, this impies an equilibrium level of employment equal to

Nt =
®[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]

¸(1¡ a) : (16)

In this case, therefore, employment depends only real disturbances in the
usual manner, being positively related to both the preference shock, °t, and
the …scal shock, Ãt. Evidently, since employment is invariant to the nominal
disturbance, then so too are consumption, capital and output. Thus the
economy exhibits the properties of a pure real business cycle model in which
monetary ‡uctuations are neutral, having no real e¤ects.
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In an imperfectly competitive environment with one-period wage con-
tracts, households supply labour on demand from …rms, given the optimally
chosen wage implied by (80). After various manipulations, we can determine
a precise expression for this wage which depends on expectations about the
money supply during the course of a contract.14 The equilibrium level of
employment at this wage is found to be

Nt =
®2[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]Át

¸(1¡ a)¹Á
: (160)

Accordingly, employment now depends on the realisations of both real and
nominal shocks. The consequence of each real shock is the same as above,
while the e¤ect of a random increase in the monetary growth rate, Át, is to
raise employment. This e¤ect is transmitted to consumption, capital and
output, and the economy now displays the features of a new-Keynesian-type
model in which (unanticipated) monetary ‡uctuations are no longer neutral.

The absence or presence of nominal factors is one way in which the lev-
els of employment in (16) and (160) di¤er. These factors would vanish from
the latter were we to abandon the notion of contracts and assume, instead,
that wages were chosen contingent on the realisations of shocks. Under such
circumstances, the two levels of employment would deviate from each other
only by a constant factor of proportionality, ®.15 This is the pure ine¢-
ciency e¤ect of monopoly power which creates an upward bias to wages and
a downward bias to employment relative to the case of perfect competition.

4 Growth and Volatility

We are now in a position to address the main issue of interest to us - namely,
the extent to which there are linkages between the cyclical and secular prop-
erties of aggregate ‡uctuations. We do this by solving for the growth rate
of output, from which the growth rates of other non-stationary variables
(consumption and capital) may be inferred. These growth rates are both
stochastic and endogenous. It is recalled that we account for the latter prop-
erty on the basis of learning-by-doing, formalised by approximating the stock
of disembodied knowledge available to …rms by the aggregate stock of capi-
tal: that is, Zt = Kt in (1). As shown by others, the main implication of this
is to make it possible for the level of output (and, with it, the levels of other

14This expression is given by (A10) in the Appendix.
15To be sure, note that ¹Á = Et¡1(Át) in (160). In the case of contingent wage-setting,

we would have Et(Át) = Át so that Át would vanish from this expression.
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variables) to depend on the accumulated realisations of any type of shock,
whether real or nominal, temporary or permanent. The signi…cant additional
insight obtained from the present analysis is that the average rate at which
output grows is a function of the variances of the shocks, implying a non-
trivial relationship between secular growth and cyclical volatility. The precise
nature of this relationship depends acutely on both the source of volatility
and the operation of the labour market. These results are demonstrated as
follows.

4.1 The Economy Without Rigidities

With perfect competition in all markets and complete ‡exibility of all prices,
the economy attains an equilibrium in which the level of employment is given
by (16). Substituting this, together with (14), into (1), we obtain

Yt+1
Yt

=
®®a¹°(1 + ¹Ã)[(1¡ a)°t+1(1 + Ãt+1) + a¹°(1 + ¹Ã)]®

¸®(1¡ a)®[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]
; (17)

Naturally, the growth rate of output depends only on real disturbances in
this type of economy. Using standard formulae, the mean and variance of
this growth rate can be approximated, respectively, as16

Mean()Yt+1Yt ' A(1 +m°¾
2
° +mÃ¾

2
Ã); (18)

V ar()Yt+1Yt ' A2(v°¾
2
° + vÃ¾

2
Ã); (19)

whereA = a[]®¹°(1 + ¹Ã)¸(1¡ a)®,m° =
(1¡a)2[®(®¡1)+2]

2¹2°
,mÃ =

(1¡a)2[®(®¡1)+2]
2(1+¹Ã)

2 ,

v° =
(1¡a)2(®2+1)

¹2°
and vÃ =

(1¡a)2(®2+1)
(1+¹Ã)

2 . A casual glance at these expressions

reveals that both Mean()Yt+1Yt and V ar()Yt+1Yt are increasing in both ¾2°
(the variance of the preference shock) and ¾2Ã (the variance of the …scal
shock). In terms of (17), the actual growth rate of output is convex in
the lagged realisations of shocks, but concave in the current realisations of
shocks. The former property is a direct re‡ection of the convexity in savings
behaviour, alluded to earlier, which is transmitted linearly to production via
the process of learning-by-doing. The latter property is a symptom of di-
minishing returns to labour which convert linear employment responses into
non-linear output e¤ects. An increase in either ¾2° or ¾2Ã has a positive im-
pact on Mean()Yt+1Yt through the savings channel which more than o¤sets
the negative impact onMean()Yt+1Yt through the employment channel. The
net result, therefore, is that the average growth rate of output increases with

16See, for example, Mood et al. (1974).
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the variances of both types of disturbance. Since the variance of the growth
rate displays the same property, one is led to conclude that there is a positive
correlation between long-term growth and short-term volatility. What is no-
table about this conclusion is that it runs counter to the normal presumption
that growth and volatility are negatively correlated in models of endogenous
technological change based solely on learning-by-doing (as our model is). In-
deed, some authors have contended that any model in which learning is a
concave function of economic activity (taken to be the most plausible case)
is sure to produce such a correlation (e.g., Martin and Rogers 2000). Yet
this property is just as true in our model which yields the unambiguously
opposite result that long-run growth is positively related to the volatility of
real shocks. This suggests that the set of (reasonable) circumstances under
which smoother cyclical ‡uctuations might be associated with ‡atter secular
trends is wider than has hitherto been thought, and that empirical …ndings of
a positive correlation between growth and volatility do not militate against
the hyposthesis of learning-by-doing as a mechanism of growth.17

4.2 The Economy With Wage Contracts

When the labour market is imperfectly competitive and wages are predeter-
mined by one-period contracts, the equilibrium of the economy entails a level
of employment given by (160). Substituting this, together with (14), into (1)
yields

Yt+1
Yt

=
®2®a¹°(1 + ¹Ã)[(1¡ a)°t+1(1 + Ãt+1) + a¹°(1 + ¹Ã)]®Á®t+1

¸®(1¡ a)®¹®Á[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]
: (170)

In accordance with our previous results, the growth rate of output is now
dependent on the realisations of both real and nominal shocks. Proceed-
ing as above, the mean and variance of this growth rate are approximated,
respectively, by

Mean()Yt+1Yt ' ®®A(1 +m°¾
2
° +mÃ¾

2
Ã +mÁ¾

2
Á); (180)

V ar()Yt+1Yt ' (®®A)2(v°¾
2
° + vÃ¾

2
Ã + vÁ¾

2
Á); (190)

17As mentioned previously, de Hek (2000) is also able to obtain a positive correlation in
a model of (stochastic) learning-by-doing for a su¢ciently high degree of risk aversion. The
argument of Martin and Rogers (2000) is based on their result of a negative correlation
between growth and the variance of real (technology) shocks in a model without savings.
This result is explained in terms of the concavity of the learning function, which implies
that the loss of learning during recessions more than o¤sets the gain in learning during
expansions. In our model, this e¤ect is dominated by the e¤ects on growth of changes in
the savings behaviour of agents.
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where mÁ =
®(®¡1)
2¹2Á

, vÁ = ®2

¹2Á
and ¾2Á is recalled to be the variance of the

nominal shock. Expression (180) reveals that output grows on average at a
lower rate in this case than in the previous case. This is due partly to the
ine¢ciency introduced by monopolistic wage setting and partly, and more
signi…cantly, to the e¤ect of nominal volatility arising from monetary non-
neutrality when wage setting takes place according to non-contingent con-
tracts. For the same reasons, expression (190) shows that the variance of
the growth rate is also di¤erent in this case from what it was previously.
Evidently, both Mean()Yt+1Yt and V ar()Yt+1Yt depend positively on the
variances of the real shocks in the same way as before. By contrast, av-
erage growth falls, while the volatility of growth rises, with an increase in
the variance of the nominal shock. This type of disturbance impacts on
growth through its (linear) e¤ect on employment, of which output is a con-
cave function by virtue of diminishing returns to labour. Given an increase
in the variance of this shock, one is confronted with a negative, not posi-
tive, correlation between long-term growth and short-term volatility so that
smoother cyclical ‡uctuations are associated with steeper, not ‡atter, sec-
ular trends. These are the results that one typically encounters in other
models of learning-by-doing. Compared to the present framework, however,
those models are based either on technology shocks with a dubious absence
of savings behaviour (e.g., Martin and Rogers 2000), or on shocks to the
learning process, itself, with a questionably high elasticity of intertemporal
substitution (e.g., de Hek 2000).

5 Concluding Remarks

Collecting our results together, we arrive at the main verdict of this pa-
per, which is that the correlation between long-term growth and short-term
volatility depends fundamentally on two main factors - the source of stochas-
tic ‡uctuations and the functioning of the labour market. As regards the
former, we predict this correlation to be positive if real shocks predominate,
but negative if nominal shocks predominate. As regards the latter, we predict
the correlation to be positive in the absence of nominal rigidities, but either
positive or negative in the presence of such rigidities. These results may help
to explain why it has been di¢cult to …nd systematic empirical evidence in
favour of one type of relationship over the over. By the same token, if such
evidence becomes available in the future, then the results may be used as
additional information with which to evaluate competing theories.

It is worth re-emphasising that our analysis has been based on an entirely
standard model under an entirely conventional set of assumptions. Even

14



within the con…nes of this model, our results do not exhaust the full range of
potential interactions between growth and volatility. For example, suppose
that the probability distributions of shocks are of a type for which the …rst
and second moments are not independent of each other (as we have otherwise
assumed). One such type of distribution is the frequently-used log-normal
distribution, re‡ecting the speci…cation of a shock as xt = exp(Xt), where
Xt is normally distributed with mean ¹X and variance ¾2X : hence xt, itself,
is log-normally distributed with mean ¹x = exp(1

2
¾2X) and variance ¾2x =

exp[1
2
¾2X(¾

2
X¡1)]. In this case both the actual and average values of variables

will be functions of ¾2X due to additional expectations e¤ects through ¹x.
18

This serves to reinforce the point that linkages between growth and volatility
are not di¢cult to establish, but rather arise naturally, and ought to be
treated more as the rule, rather than the exception.

From a policy perspective, our analysis has been kept simple by the as-
sumptions that both monetary growth and …scal expenditures are determined
by exogenous stochastic processes. At the same time, this allows one to draw
clear and notable implications concerning the e¤ects of policy variability or
uncertainty. These implications are that monetary uncertainty is bad for
growth, while …scal uncertainty is good for growth.19 By thinking slightly
beyond the present con…nes of our model, one will also begin to appreciate
some wholly new considerations of equal importance. The most conspicuous
of these relates to the evaluation of stabilisation policies - that is, policies de-
signed to smooth ‡uctuations by mitigating the impact of exogenous shocks.
Given our results, it is possible to speculate about other consequences of
such policies, consequences that are typically ignored but that may actually
be the most signi…cant. Our results suggest that policies aimed at stabilis-
ing nominal shocks would have the added bonus of delivering higher growth,
while policies directed towards stabilising real shocks would have the adverse
e¤ect of reducing long-term growth. At present, there are very few existing
analyses that provide fully worked-out examples of the potential long-run
implications of short-term stabilisation policy. Two notable exceptions that
reach di¤erent conclusions are the recent contributions by Blackburn (1999)
and Martin and Rogers (1997). Providing a further contribution within the

18To be sure, let xt = f°t; Ãt; Átg and Xt = f¡t;ªt;©tg. It is straightforward to
verify that the solutions for all of our variables remain unchanged, except for the fact that
f¹° ; ¹Ã; ¹Ág = fexp(1

2¾2
¡); exp(1

2¾2
ª); exp(1

2¾2
©)g.

19These results are consistent with those established by Benavie et al. (1996), Grinols
and Turnovsky (1993) and Turnovsky (1993) in di¤erent models and for di¤erent reasons
(based on portfolio substitution e¤ects). Aizenman and Marion (1993) present evidence
which suggests that the e¤ects of policy are highly sensitive to the type of policy, the
sample period and the geographical region.
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context of the current paradigm would appear to be an avenue of research
worth pursuing.

Our analysis has been based deliberately on an analytically tractable
framework for which closed-form solutions could be obtained from appro-
priate assumptions about preferences and technologies. The alternative ap-
proach would have been to use a more complicated model under more general
assumptions and to conduct the analysis via numerical simulations. We have
no reason to believe that our main results would have been di¤erent had we
followed this alternative. Nevertheless, it would be interesting to acquire an
idea of the orders of magnitude of our results, together with their implica-
tions for welfare, especially since it takes only small changes in the growth
rate to produce substantial cumulative gains or losses in output. We intend
to pursue this in later work by conducting a quantitative analysis of a more
general, calibrated version of the model.
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Appendix

The results in (13), (14) and (15) may be computed as follows. Substitution
of (3) into (6) delivers

°t
Ct
= ¯(1¡ ®)Et()°t+1Yt+1Ct+1Kt+1: (A1)

Exploiting Yt = Ct + Kt+1 + Gt, where Gt is given by (9), (A1) may be
transformed into

°tKt+1

Ct
= ¯(1¡ ®)Et[°t+1(1 + Ãt+1)] + ¯(1¡ ®)Et()°t+1Kt+2Ct+1; (A2)

which, in turn, may be converted to (11) by substitution of Et(°t+1) = ¹° and
Et(Ãt+1) = ¹Ã. Given the transversality condition lim¿!1 ¯

¿Et()°t+¿Kt+¿+1Ct+¿ =
0, the solution to (11) is

°tKt+1

Ct
=
¯(1¡ ®)¹°(1 + ¹Ã)
1¡ ¯(1¡ ®) : (A3)

Combining (A3) with Yt = Ct + Kt+1 + Gt gives the results in (13) and
(14). Similarly, (10) in conjunction with Ht = Mt implies that (7) may be
converted to (12), the solution to which follows by imposing the transversality
condition lim¿!1 ¯

¿Et()°t+¿Mt+¿Pt+¿Ct+¿ = 0 to obtain

°tMt

PtCt
=

¯µ

1¡ ¯ : (A4)

Together with (13), (A4) yields the result in (15).
The results in (16) and (160) may be derived in the following manner.

Substitution of (13) into (8) yields

¸ =
[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]Wt

(1¡ a)PtYt
: (A5)

The condition in (2) may then be used to obtain (16). Substitution of (13)
into (80) yields

¸Et¡1(Nt) = ®Et¡1fg[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]WtNt(1¡ a)PtYt:
(A6)

Exploiting (2), together with Et¡1(°t) = ¹° and Et¡1(Ãt) = ¹Ã, (A6) can be
reduced to
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Et¡1(Nt) =
®2¹°(1 + ¹Ã)

¸(1¡ a) : (A7)

In turn, (2) and (15) may be combined to obtain

Nt =
®(1¡ ¯)[(1¡ a)°t(1 + Ãt) + a¹°(1 + ¹Ã)]Mt

¯µ(1¡ a)Wt
; (A8)

which, on taking expectations, delivers

Et¡1(Nt) =
®(1¡ ¯)¹°(1 + ¹Ã)Et¡1(Mt)

¯µ(1¡ a)Wt

: (A9)

Equating (A7) with (A9) yields the following expression for the contract
nominal wage:

Wt =
¸(1¡ ¯)Et¡1(Mt)

®¯µ
: (A10)

Substituting (A10) into (A8) produces the result in (160) after making use of
(10) and the fact that Et¡1(Mt) =Mt¡1¹Á.
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