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Abstract

We provide empirical support for a DSGE model wittminal wage stickiness where
growth is driven by learning-by-doing and moneycksoand their variance are allowed
to impact on long-run output growth. In our theaa&tmodel the variance of monetary
shocks has a negative effect on growthjle output volatility is good for growth as a
positive relationship exists. Utilising a bivariaBARCH-M model we test the

empirical conditional mean and variance relatiopshiof nominal money and

production growth rates in the G7 countries. Weralworate the theoretical model

predictions with evidence from Bonferroni multipésts across the G7.

l. Introduction

This study will investigate the question posed le title (Is volatility good for
growth?) by empirically testing a theoretical grbwhodel with real and nominal
shock uncertainty.

Our theoretical analysis is based on a stochastoetary model of an
imperfectly competitive economy with learning-byialp Three alternatives are
considered with regard to the functioning of theolar market so as to capture the
different features in this respect of the countriasour sample: perfect wage

flexibility, nominal wage rigidity and wage indexat. In fact while nominal wage

! Throughout the paper we use the terms uncertaiotgfility and variance interchangeably to define
the conditional standard deviation of a variabler stance, growth uncertainty is equivalent te th
volatility/variability of the innovation of outpugrowth rate conditional on its mean dynamic behawio
and that of other variables which is estimated pagmetric dynamic volatility model, the detaifs o

which are discussed in the empirical Section 1.



rigidities are likely to be present in all the Gdbaomies, the degree of their presence
varies (see Cahuc and Zylberberg 2004, chap.8).

A long-standing tradition in macroeconomics—at bibtboretical and empirical
levels—is the separation of the study of growthnfrthe study of business cycles.
However recently the question of precisely how icgatl fluctuations might affect
secular trends has been the subject of an expanmidy of literature, analysed by
Gaggle and Steindl ( 2007). In their overview of theoretical results on volatility and
growth Aghion and Banerjee (2005) notice that ire&tive destruction” models where
production and R&D are substitutes the relationff@ween volatility and growth will
be positive. However the relationship will beconegative if, due to financial markets
imperfections, R&D has to be financed by currenffifs, a condition more relevant for
developing countries.

When growth is driven by learning-by-doing (RomE®86), volatility can have
a negative effect on growth (see Blackburn, 199%loRi, 1997, Martin and Rogers,
2000 and Blackburn and Galindev 2003). However wtading account of optimal
savings de Hek (1999) shows that under learningdigg volatility can have a
negative effect on growth only if risk aversion 98 low to be inconsistent with
empirical estimates. Canton (2002) finds a positigationship in a model where
growth is driven by human capital accumulation dndeset al. (2005) show that the
relationship is positive in a large class of converdels of endogenous growth.
Coming to monetary models, Dotsey and Sarte (2880 that in a convex model
with perfect price flexibility there will be a pdsie effect of money volatility on
growth, while Blackburn and Pelloni (2004) introdugcominal rigidities in a learning-

by-doing model and find this effect to be negative.



The relationship between output uncertainty anavgjrdhas also been studied
empirically. Some papers find a negative effectedasn crossection (Martin and
Rogers, 2000) or panel (Ramey and Ramey, 1995)appes. Kose, Prasad, and
Terrones (2005) provide a comprehensive examinaténthe cross-sectional
relationship over the past four decades and fital e positive in industrial countries.
Evidence from time series work is mixed with pagti(Caporale and McKiernan,
1996) and negative (Peel and Speight, 1998) cdiwek being found. Inflation
uncertainty is found to negatively affect outpubwth in multivariate GARCH
models by Elder (2004), Fountetsal. (2006), Grier and Perry (2000) and Gritral.
(2004). Fountas and Karanasos (2007) find thisltrekes not hold for all the G7
countries in a univariate context.

To preview of our results the theoretical modeldéinthat the variance of
nominal shocks is not good for growth as it hasgative effect, while the variance
of real shocks is good for growth as it has a pasieffect. We test the theoretical
hypotheses of our model by empirically investigatimkages between money and
output growth and their uncertainties using timeesedata spanning four decades for
the G7 countries. A bivariate GARCH-in-Mean (GARGAH-model is estimated that
allows growth rates and uncertainties to interdd¢te money and output growth
dynamic equations are a function of their laggech@yoand output and the time-
varying conditional innovation variances that reer the uncertainty factors. We
focus on money shockss they are a direct indicator of monetary policjatility
whereas inflation is contaminated by other shockbiw the economy. We find a
significant, negative relationship between outpuawgh and nominal money shock
uncertainty for some of the G7 countries, in pattc those with a higher degree of

rigidity in nominal wages, and a significant posgtirelationship between output



growth and nominal money growth average for mosthef G7. When we apply
Bonferonni multiple tests across the G7 countries fimd full support for the
theoretical predictions of our model.

The structure of the paper is as follows. Sectibdescribes the theoretical
model. Section Il presents the empirical GARCHaMdel and explains the testable
hypotheses derived from the theoretical model.ti@edV details the empirical results

for the G7 countries. Section V concludes the pape

II. The Theoretical Analysis

In this section we present a stochastic monetargietpon which long-run growth is
sustained by learning-by-doing. Our setting is Emio the one in Blackburn and
Pelloni (2004) however our analysis is somewhatemngeneral as we consider an
intermediate sector with imperfect competition amd distinguish three cases as
regards the functioning of the labour market (petré®mpetition, nominal wage setting
by unions or wage indexation) and show that resuitthe effect of money volatility on
growth are different in the three cases. In our ehah increase in the volatility of
preferences leads, through precautionary savimgantincrease in the rate of growth
under all assumptions on the labour market. Thatiity of money growth will instead
reduce the rate of income growth, but only in theecof nominal wage setting. The
overall relationship between the rate of growth asdolatility turns out to be positive.
We thus show that it is important to isolate therse of volatility, as well as to
consider the degree of nominal rigidity in the emoy before one can answer the
question whether and how volatility affects grow#nother result we derive is that

average money growth has a positive effect on geemnacome growth, with nominal



wage setting, if the variance of money growth does change. Over the next few

sections we will derive our theoretical model.

2.1. Firms
There is a continuum of intermediate goods) Y¥hereill (0,1). Final output, which

can be consumed or invested, is given by

1 Yo
Y, = ( A2 di] (1)
0
WhereaD(O,l). Equation (1) displays constant returns to scalhen o =1 there

is perfect competition in the intermediate secitwe final good sector is competitive.
First order conditions for profit maximization inypdemand functions for

intermediate goods given by:

R =P (7] @

where P, is the price of the final good which has a dem&on rate of 1009,and
P, is the price of thé&th intermediate good.

The technology for producing an intermediate comityad Cobb-Douglas:
Y ANV
Y, =K, NSKJ/, aw0(0,1). (3)
where N, is labour, K, capital and K, is the economy-wide average capital.

‘Learning-by-doing through investing’ is a possilbé&ionale for increasing returns to
capital, as in Romer (1986), who assumes perfetipetition. However, Dasgupta
and Stiglitz (1988) notice that learning-by-doing rconsistent with perfect

competition only at the implausible condition thkhowledge is totally non

2 As usual, this hypothesis is needed for obtaimimtpsed form solution.



excludable. Imperfect competition allows us to ¢desthe case of increasing returns

at the firm level, which we obtain whemr+¢ =1, that is when technical
improvements can at least be partially appropriétethe firm (notice the maximand,
i.e. profits, is jointly concave ilN,,K,, whenevero(a +¢) <1 so the maximization
problem will have a well defined solution). Laboand capital are hired from
households at the real wage rig’ P, and real rental rat® respectively, wherg\k

is the nominal wage. By profit maximization we get:

W = oK Ny =200 4)
it Nit
AN oY,

R = gkINzK = E7% ©

it
A free entry condition ensures that profits areozer equilibrium. To keep things
simple we assume every intermediate commodityadyred with the same technology

and we focus on a symmetric equilibrium. This meanthat

Y, =Y, K, =K,,N, =N,,P, =P,0i while:
Y, =N°K,, . (6)
and (4) and (5) become:
W= goNeiK, =990 @
R N,
. oY,
R =yoN, :%. ®)

2.2. Households



We assume a constant population normalised to braeotical, immortal households.

At timet, the representative household wants to maximize:

EU =Y B™E, {yﬁslog@m)w'og(%j —ALHS}, OO A> C

ts
whereE; denotes expectation§; consumption, andl; labour, varying in [0, 1] angk
represents a preference shock, at tinfde quantityM;; denotes beginning-of-peridd
(i.e. end-of-period-1) nominal cash balances which are increased byopoptional
stochastic monetary transfes, Money supplyM;, is then given by:

M, =M_@4. 9
We assume that both disturbandgs ¢} are governed by independent, stationary
stochastic processes with constant means and cowstaances. Moreover the shocks
are assumed to have bounded positive supports. dinedb on employment are then
always respected (i.e. we do not have corner swisiti The unconditional expected

values and variances of the disturbances are dinmspectively, by{xu, 4} and
{0}, 02} . The budget constraint at timéor the household is given by

W

+1 =

L+Mal  pp e, (10)

G+t A
R M RTTR

whereA is real assets and, the firms’ profits.

Each agent maximises the expected value of uslityject to its intertemporal
budget constraint. Agents are assumed to knowdhees of all parameters, the current

and past values of all variables and the probgbtitstributions of all shocks.

® The assumption that monetary transfers are priopait (rather than lump-sum) is made for

tractability, this is not new (see Benassy 1995).



Households choose consumption, money balancesssad laoldings according to the

following necessary conditions:

yt — yt+lR+1
~=PE (—j (11)
Ct Ct+l
yt :i +ﬂEt ( yt+l(4+lj (12)
RCt Mt I:¥+1Ct+l

We now spell out our three alternative assumptmmghe labour market. Coming to
the labour market: the first is perfect competitibetween workers with wage
flexibility, the second is nominal wage setting bgions and the third is real wage
setting by unions. Under the first assumption, gricompetition between workers
with wage flexibility, a further optimising conditn is:

ARC, = yW, (13)
which simply equates the wage to the marginal ratesubstitution between
consumption and leisure. Under the second assumptmnopolistic unions choose a
nominal wage at which households supply whateveslais demanded by firms. We
assume that wage setting takes place prior toghksation of shocks on the basis of
one-period contracts and that the contract wagechiessen so as to maximise
households’ expected utility, taking into accowattdur demand. The optimal wage is

then found to satisfy

AEL(N,) = ma(%j (13)

Finally under the third assumption monopolisticams choose a real wage for the
following period and households supply whateveplabs demanded by firms at that
wage. The nominal wag®/ is given by:W =w P In words the nominal wage is

indexed to the price level so as to reach the lef¢he real wage set in the previous



period. At timet-1 the real wage which maximises the expectedtytdf workers,
given labour demand, is:

A

—L = (13)
E(ay/C)

The equilibrium behaviour of the household is chemased completely by the first-
order conditions in (8) and (9), the budget comstr@.0), either (13) or (13’) or (13"),

and finally the transversality conditions

Ilm -TﬂwﬁTE[((yt+th+r—144+r)/Pt+rCt+r) = llm 'rﬂooﬁTEt(yt+rA+T+1/Ct+r) :O )

2.4 General Equilibrium

The general equilibrium solution is computed by barmg the optimising conditions
obtained so far with the market clearing conditi@s K, =Y, (for goods), K, =A
(for capital), andN, =L, (for labour) plus the already assumed one thateysupply

equals money demand. The following relations aem thbtained (see Appendix A for

details):
— (1_a)yt (14)
‘T -a)yray,
M, _ (1-a)d (15)
R @-Bla-a)y +ay,] "
Hr_y, (16)

Kt+1 P T
A-a)y, +ay,
where a = ggfy . For a given level of output, consumption incrsasdile investment

and money demand decrease with higher realisabbise demand shockys. These
responses are non-linear: an increase in the ktylatf preference shocks causes a rise

in the average shares of investment and money d&nddso notice that these shares

10



are not influenced by money shocks or the struatfitbe labour market. Finally notice
that the rate of saving is increasingan

If the labour market is competitive we have:

_oal(1-a)y, +au,]

17
t Ji-a) 17)
with nominal wage contracts:
_a’ol(l-a)y, +aulg (17)
t Al-a)u, '
and with wage indexation:
_ Aoy, (177)
‘' A(1-a)

(derivations can be found in the Appendix A). Ihaases the higher is the elasticity of
substitution between intermediates and the highehe average of the demand shock
the higher is employment. In the first case anthethird case, money is neutral. If the
labour market is competitive employment respondsdily to the current preference
shock so its expected value does not depend owatt@nce of the shock. Under total
wage indexation labour does not respond to shoika&quld if more shocks were
considered, for instance technology shocks). Rnalthe case of nominal wage setting

employment is linear in both shocks.

2.5 Growth and Cycles

If the labour market is competitive, using (6), XB®d (17) we get:

Y, au, {aa[(l — )y, +ay,] } | (18)

AY, ==
Y, (-, +ay, A(i-a)

The rate of growth is concave in the current raitis of the preference shock, due to

the decreasing marginal productivity of labour. Tage of growth is however convex

11



in the lagged realisation of the shock. This isdouse of saving behaviour: from (16)
we see that the propensity to save out of curnecdme is a convex function of the
preference shock. This is transmitted linearlyrdpiction, given the constant marginal
productivity of capital. We have, using a secondieoapproximation:

E(AY):= E(Lj 0 A{1+ a-ay lalg ~1)+ 2] g, ] (19)
Y 24,

var(4Y):=Var (%

t

(20)

2

j . A%(1-a)? (a2 + 1) o
H,

oay,
A(l-a)

where A= a( j . The lower is the market power of firms (the higleo) the

higher are both the mean and the variance of groBdth moments are also increasing
in the variance of the preference shock: the pasgifect of this variance on the rate of
growth through the precautionary saving channelentban offsets the negative effect
through the employment channel.

Let us now consider the economy with nominal cartttaWe have, using (6),
(16) and (17’)

Yoo = 3, oa’[(L-a)y, +al]a., |
Y, (@-a) tay, Al-ay,

AY, = (18)

The growth rate of output/Y;, is now dependent on the realisations of both aedl

nominal shocks. The mean and variance of the grosatle are approximated,

respectively, by

E(4Y) = E(Y7 j o A(“ (1-afla@-1+2] ., a(@- 1)0_2j (19)

t A
1-a)’(a®+1 2
var(4Y):=Var Yo D(cr"’A)2 ( )( )0_2+a_0_2 (20")
Y 2 14 29
t ,Uy 'u¢’
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By comparing (19) and (19’) we see that the immacaverage growth of the variance
of real shocks is strictly analogous with or with@ontracts, so the previous analysis
holds. As for money shocks, we can notice that w&ho variance in money growth
there are no effects of average money growth opubgrowth. Money super-neutrality
under certainty is in fact expected when, as in owdel, the utility function is
additively separable in consumption, money andualfeee Wang and Yip, 1992). For
a given variance of money growth, an increase @raye money growth leads to higher
output growth because it means an improvementdnrtformation available to agents
when they choose the nominal wage and a reduatitimei related distortion. In general
average growth falls while its cyclical volatilitises with an increase in the variance of
the monetary growth shock. This type of disturbamspacts on growth through its
(linear) effect on employment, of which output iscancave function, by virtue of
diminishing returns to labour. The fact that theerage and the variance of money
growth have opposite effects on output growth, tlogewith the fact that in reality the
two tend to be highly correlated, may provide atiphrationale for some of the
inconclusive results in the empirical literaturegodbwth and inflation.

Finally for the economy with wage indexation we &av

aﬂ
AYt = Y”l =¢. (18”)
Y, (@-a)tay,
and approximating:

Y+ a 1
E(4Y) :=E( \t(tlj Da A[1+ (1-ayo! /yf] (197)

2
Var (YHlJ DaZo/AZ(l_ a)ziyz (20”)

Y y

13



As in the case of a perfectly competitive labourrkeg money has no real effects,
while the variance athe demand shock has a positive effect on growltis &ffect, for
plausible values ofr , will be lower than in the competitive case.

For the purposes of the empirical analysis we camlequations (19) and (20)
(or (19’) and (20) or (19) and (20")) to deriva relationship between output growth
and its variance. We obtain (21), (21’) and (21the first pertaining to an economy
with a perfectly competitive labour market, the @&t to an economy with nominal

contracts and the third to an economy with wagexation:

E(4Y) DA+%VW(AY) 1)
E(4Y) DaaA+M (oY) - a®(a+1) o, 21)
20° A(@® +1) @*+1) 2u}
E(4Y) U a”A+M (217)

a

It is now evident that the mean and the varianceutput growth will be positively
correlated, both with a competitive labour markéth nominal wage setting and with
total wage indexation whereas monetary shock uaicgéytwill have a negative effect
(or no effect) on average output depending on thectsire of the labour market.
Moreover, under nominal wage setting the averageemgrowth will have a positive
effect on average output growth. These theorepoapositions constitute empirically

testable hypotheses as demonstrated in the carftehé empirical models below.

Ill. GARCH-M Model

In this section we present the details of the elcgdimodel and its connection with the

theoretical model, the results follow in Section IV

14



The multivariate Generalised AutoRegressive Coolii Heteroscedastic in
Mean (GARCH-M) model provides the setup for examgna set of hypotheses that
evaluate if there is empirical support for the abdheoretical propositions. The
relationship between money and output and theiredamties is modelled by a
bivariate GARCH-M(1,1) with constant conditional regation in the spirit of

Bollerslev (1990):

p q
AM, = B, + ZﬂnAM it Zﬁm A, + Bioay T ﬁ4J§Y,t T & (22)
i=1 i=1
2 _ 2 2
JAM T 0’0 + algt—l + azaAM -1 (23)
p q
AY, = B + Z B Y, + Z BiAM ; + ﬁSUEM T ﬁgaiv,t tV, (24)
i=1 i=1
2 2 2
Opyy =A3 AV T A0, 4 (25)
COV, = 0oy On T (26)

Equation (22) describes the dynamic conditional megnominal money growth,

AM¢, as a function of the past history of both monagl eeal output growthaY;,
and their conditional variances given tax;, , and o,,,, respectively, which are

estimated by equations (23) and (25). Equation {23he conditional variance of
nominal money growth shocks and represents a p#éammeasure of money
uncertainty that affects the conditional mean equatof money growth (22) as well
as output growth(24). Equation (23) captures the time-varying béhav of

uncertainty as shown by the autoregressive streictfr UEMJ which may be

associated with time-varying policy shocks. In aalagous manner equation (25) is
the conditional variance of innovations in outptdvgth. Equation (24) describes the
conditional mean of real output growth as a functad lags of output and money

growth and their conditional variances and reprisséime empirical counterpart of

15



equations (21), (21’) and (21”). Finally (26) sjfezs the constant conditional
covariance betwees, andv, . It is assumed that the two error terngs,and v, , are
jointly conditionally normal with zero means andnddional variance given by
equations (23) and (28)The above system of equations allows for the faeklb
relationship between the two variables and modeigly both the conditional mean
and variance (or linear and nonlinear) dynamicsctvlare estimated simultaneously
using Maximum Likelihood methods. In the contexteguation (24) we examine the

empirical support of the theoretical propositiomgarding the effects of nominal

money and output growth uncertainty,, , and o;,, respectively, on growthtY,.

In order to explain the difference in the notatimiween the empirical and theoretical
models we note that in the former specification tihge series processes of money

and output growth, denoted b4M; and 4Y; respectively, are governed by dynamics

in the conditional mean and variancei,,(AM, , B_(AY,) and g4, ,, Oa,,

respectively, and specified by the bivariate GARMHequations above. In order to
explain the difference in the notation betweendhpirical and theoretical models we
note that in the former specification the time egnprocesses of money and output

growth, denoted by4M, and 4Y; respectively, are governed by dynamics in the
conditional mean and variances,,(AM, , B, (AY,) and oy, ., 04, , respectively,

and specified by the bivariate GARCH-M equationsvah In the theoretical model

(equations (21), (21'), (21"))E(AY) (4,) indicates both the conditional and the

unconditional mean of output (money) growth duethe simplifying assumptions

needed for tractability, which imply that the presdor output (money) growth is not

* Inflation is endogenous in our model. Hence waifoan money and output growth that closely match

the theoretical model predictions.

16



autoregressive, but only depends on parametersansgations. The same is true for

the uncertainties of output and money growthar(4Y and U; which in the

theoretical model are assumed to be constant ower &gain for tractability.

The GARCH-M model is also adopted in Elder (2004) &rier and Perry
(2000) to study the relationship between US growthation and their volatilities, as
well as Fountast al. (2006) and Fountas and Karanasos (2007) for the Ghe
parametric measure of volatility implied by the GBR specifications captures a
measure consistent with our theoretical notion wfentainty as the variance of the
unpredictable innovation of a variable (e.g. Cukian and Meltzer, 1986), instead of
simply calculating the unconditional standard déeies of money and output growth.

The stationarity and dependence properties of thatility equations (23) and
(25) provide a framework to interpret the effectsloocks in the uncertainty of output
and nominal money growth ratsThe model allows us to examine three different
useful aspects of volatilities: (i) if output grdwtincertainty follows a GARCH process
then we can evaluate if the variance of output g¢inoav other economic variables have

a significant temporal component; (ii) if the GARGdtput dynamic coefficients, e.g.

® Note that although we have a measure of conditiommvation uncertainty we do not consider the
Levine and Renelt (1992) conditioning informatict as Ramey and Ramey (1995) since we follow a
time-series approach and some of those variabéesitdrer not available at the monthly frequency or
do not exhibit any temporal variation for studyiig a time series context. Although additional
explanatory variables can augment our conditionedmequations at this stage we choose to focus an
empirical model as close as possible to our thialetnodel by considering a bivariate model of five
simultaneous equations for each country and joipbtheses tests for all the G7 countries.

® The variables are assumed to be stationary, athggis that is empirically examined prior the
estimation of the model using unit root tests whieads us to consider the first differences of the

above series.
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(a, +a,) in equation (23), are statistically significamidaclose to unity then it implies
an Integrated GARCH process (IGARCH) according tbicWw shocks in output
uncertainty are expected to have a significant perdistent effect on the variance of
money growth; and (iii) if in addition the relatsimp between the mean and volatility
is empirically supported by a GARCH-in-Mean procéssn it implies a significant
effect of uncertainty on the average of output dlowrhis is due to the fact that the
variance enters the conditional mean growth equadind its partial correlation with
output can be examined in the presence of otheertaioty factors as well as other
mean/average growth rate factors. Hence this moelides a context to disentangle
the mean and variance effects of say nominal moneyutput growth by modelling all
the conditional moments and estimating their irdgoas simultaneously. In addition, it
allows us to examine the causality-in-mean andanance hypotheses (Granger, 1988)
which relate to our theoretical propositions regagdhe direction of causality of the
uncertainty of real and nominal shocks on growtastlbut not least, the GARCH-M
model allows us to disentangle the empirical effexftthe average and the variance of
money growth on output growth by jointly estimatiagystem of dynamic conditional
moments. Indeed, some studies emphasize thadiffisult to separate the effects of
inflation/money average and variance on growth githee high correlation between the
two variables (Temple, 2000, Dotsey and Sarte, 2000

We now turn to the testable hypotheses relatintpeéaheoretical predictions of
the model analysed in Section Il regarding theat$fe@and sources of uncertainty on

growth for the G7 countries using the GARCH-M moddbney growth, AM;, is

measured by the rate of growth of the narrow nommaney supply and output

growth, 4Y;, by the index of production (IOP) growth rates.

18



The model is estimated using monthly, seasonalfjyséeld data for the G7
countries over the maximum sample 1960 to 20T&e choice of monthly sampling
frequency reflects the objective to estimate coowigl variances from short-run
cyclical dynamics and time-varying policy shocksheT monthly difference of
production with lags of up to a year is an attetoptapture both short- and relatively
long-run growth effectsThe G7 represents the group of homogenous courttrads
more closely correspond to the theoretical assumgtof the model. The details of the
data including sources and outliers removed arersannsed in Appendix B.

We estimate the empirical model in equations (2B)-(for each country and
our objective is to examine the support of thediwihg theoretical model propositions
using hypothesis tests for both the individual,ridogtspecific and multiple, G7-group.

* Hypothesis (i) examines whether nominal money uag#y is time varying as

modelled by the GARCH equation (23) (whergdd = a, =0). If the sum of
these GARCH coefficients is close to unity therhack in money uncertainty
will have a persistent effect.

* Hypothesis (ii) tests whether the growth uncertaspecified in equation (25)
provides a time varying measure of the growth \mlitgt (Ho:a, =a. =0).

* Hypotheses (iii) (It B; =0) and (iv) (H: 8, =0) examine the significance of
money and output uncertainty, respectively, inrtttmey equation (22).

* Hypotheses (v) (b 5;,=0) and (vi) (HB: 5,=0) examine the effects of money
and growth uncertainty, respectively, in the outmgquation (24). The

alternative hypotheses, 1H3,<0 and H:3,>0 derive their signs from the

" This sample period refers to Canada, France, Japarhe US. Due to data availability the sample

for Italy is 1965-2006, for Germany, 1960-2003 émdthe UK the 1970-2006.
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theoretical predictionésee equations (21), (21') and (21”)). Note tHae first
coefficient is predicted to be negative if theraasninal rigidity.

* Hypothesis (vii) (H: £, =0,i=1,....0) examines the effects of money growth on

output growth in equation (24). The alternative d¢tyyesis derived from the
theoretical model suggests that the overall effedt be positive, after
controlling for its variance effects and if theme amominal wage contracts (see

equation (21)).

I\VV. Empirical Results

In this section we discuss the empirical supportthed hypotheses detailed in the
previous section using the bivariate GARCH-M modelsthe G7 countries. Table 1
presents the summary results for each hypothesitedteand the corresponding
estimated GARCH-M coefficients and t-statistics. eThletailed estimation and
misspecification results of equations (22)-(26) fmch country can be found in
Appendix C® The estimation utilises the BFGS numerical optitign algorithm with
robust standard errors to calculate the maximueliikod estimates of the parameters
in (22)-(26) (estimated in RATS 6.3 using the GAR®@Ilzard). The general-to-specific
procedure is adopted for specifying the signifidags in the linear equations.

First we investigate the significance of the coiodil volatility estimates for
money and growth since they represent the builditogks of the theoretical and
empirical models. The results of hypotheses (i) &ndin Table 1 provide strong
evidence regarding the significance of the GARCHapeterso;’'s governing the

estimated conditional variances in all countriecépt the output volatility for Japan).

® Appendix C is available from the authors on reques to download from the web-site

http://www.socialsciences.manchester.ac.uk/disegsiieconomics/research/discussionpapers/.
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These results unfold an interesting property ob¢hmacroeconomic variables for the
G7, namely the existence of nonlinear dynamicsgmtes their conditional variances.
In addition, we provide evidence regarding the afeof shocks in the nominal
uncertainty as measured by the volatility persistesf money. In the GARCH equation

(23) of money growth the persistence coefficie(u1+a2), is close to unity for

Canada, France, Japan and the US, which implies stiacks in nominal money
uncertainty have a persistent effect in these cmslt Similarly, the countries
characterised by significant and persistent vatgtidynamics in output growth,

(a4 +a5) in equation (25), are Italy and the UK.
Next we examine the effects of nominal money sheatability, o3, ,, and

growth uncertainty,anyt, on money growth (shown in equation (22) and tksia

hypotheses (iii) and (iv)) and on output growthofgsh in equation (24) and examined
by hypotheses (v) and (vi)). As mentioned earlilee, latter is particularly interesting
given the theoretical proposition that nominal $honcertainty exerts a negative effect
on growth if there are nominal rigidities. We intigate this hypothesis using two
statistical procedures. First, we test each indi@idhypothesis for each country
separately at a given level of significanee, Second, we combine these k=1,..,7
individual hypotheses and apply a multiple tessighificance based on a Bonferroni
procedure. In this context we view each of the Gam alternative sample realisation
that yields individual statistics used to examine ¢mpirical support for the global G7

null hypothesis made up of the intersection ofitttvidual null hypotheses such that

° Diebold (1986) and Lamourex and Lastrapes (199@sent empirical evidence that volatility
persistence may be a spurious effect due to staldbueaks or outliers in the sample. Howeverhia t
present analysis the estimated persistence efieetsot due to outliers since these have been rednov

from the data before the estimation as shown ifelrBa.
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Ho®={H ", k=1,...,7}. Appropriate methods are adopted to sidfbe significance level
to the multiple hypothesis test and a sequentsiliseperformed to examine the sources
of rejection, discussed below. If no empirical soipps found for any of the § at the
adjusted significance level then we conclude theted is no empirical support for the
global null hypothesis for the G7 grotib.

Following the individual hypothesis test approack fmd that nominal shock
uncertainty has a negative effect on monetary drowall the G7 and a significant one
in Canada, Italy (at the 5% significance level) dagan (at the 10% significance level)
as shown in Table 1 for hypothesis (iii). In adufiti output uncertainty has a significant
positive effect on money growth in Italy and the Wshown in Table 1, hypothesis
(iv)). More interestingly, turning to the outputogvth equation (24), we examine the
empirical support of the theoretical predictiontthaminal uncertainty has a negative
effect on output growth. Table 1 (hypothesis (\)pws that money uncertainty has a
negative effect on output growth in four of the &W reports that this is significant in
two of the G7 countries, namely Canada and GermEmg.exceptions to this result are
France, Italy and the UK where the estimated mamegertainty variable is positive
although insignificant. This can be interpretedngsiour theoretical analysis by
recalling that nominal volatility will have negagiveffects on growth only if there is
nominal wage rigidity, which is estimated to beHagin the US and Canada (see
Cahuc and Zylberberg 2004 chap 8). France, Itatiytha UK had at times a very high
degree of wage indexation and underwent periodbigti inflation, see Bruno and
Sachs (1986) and Manacorda (2002). In particukttk had a period of high inflation

in the seventies: Card and Hyslop (1997) among noéimgrs provide evidence that in a

1% The Bonferroni procedure is valid even if the migive individual statistics of the hypotheseg H

are not strictly independent (see for instance,r@oaux and Monfort, 1996).
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higher inflation environment wage adjustments oaowre quickly thus reducing the
degree of nominal wage stickiness. In the othenegues price indexation has always
been very limited (the US) or forbidden by law (@any). In addition we examine
hypothesis (vi) regarding the effects of outputertainty on growth. In Table 1 output
uncertainty turns out to be positive for six of #6& and it is significant in Canada,
France and the US. This is consistent with ourritezal predictions and distinguishes
our work from many other studies that find a negagffect of volatility on growth.
The last hypothesis (vii) refers to the effect afmay growth on output growth.

The joint F-test for zero restrictions on the lagjgeefficients ofAM,_,, 3, , provides

strong evidence against the null hypothesis forcallntries except Italy and the UK.
The reported sum off;; coefficients supports our theoretical model prealic that
nominal money growth has a positive effect on outpowth (apart from the UK)lo
explain these results we recall that this predicti® conditional on the degree of
nominal rigidity, which is likely to be very low iftaly and the UK during some
periods, as mentioned above.

We now turn to the Bonferroni multiple test procedldor the global G7
hypothesis kf which has an asymptotic bound with significanaele ofa=0.007 and
0.014 (giveno=5% and 10%, respectively). Hochberg (1988) and Kd&90) inter
alia, suggest a modified Bonferroni approach followiagsequentially rejective
procedure according to which one starts by exarittie largesp-value,p(m), of the
individual hypotheses, § If p(m) < of then all hypotheses are rejected. If not, then
one cannot reject §4 and goes on to compare the next largegilue,p(m-1), with an
adjusted confidence interval based on the reduaifotihe sample size. If that is not
rejected the above procedure is implemented inqaesgial manner. Following the

multiple significance test approach the empiricedults show that the global null
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hypothesis for (iv) is rejected for the G7 groupisTimplies that output uncertainty has
a significant effect on monetary growth given ttte maximunt-value for hypothesis
(iv) is t(m)=3.73 which yields an equivalent Bonferroni adjdgtevalue, p(m)=0.0001.

In addition, the global hypothesis (iii) is rejettby the data (at the 10% significance
level) since the Bonferroni procedure yiet@ts)=2.40 and correspondingfm)=0.0082.
Hence money uncertainty has a significant, negafext on money growth at the 10%
multiple test significance level. Yet, more impatig, the multiple test results for
hypotheses (v) and (vi) show that both money antguiwolatilities have a significant
effect on output growth. Specifically, the Bonferraadjustment shows that money
volatility in the G7 yields a significant, negatiedfect on output based d(m)=2.33
and p(m)=0.0099 (at the 10% Bonferroni significance leve§imilarly, output
uncertainty has a significant positive effect ontpoti growth sincet(m)=2.78 and
p(m)=0.0027.

Furthermore, we have performed some robustnesskehtar the above
empirical findings. We have examined the sensitioit the above results using other
measures of money aggregates. We find that simdaults apply especially with
respect to nominal money shock uncertainty. Moredee some of the G7 we expand
the information set to include some additional arplory variables in the conditional
mean equations such as short-run interest ratefirahthat the above results still hold.
In addition, we find similar qualitative results tther parametric volatility models
which incorporate asymmetries such as the ExpaserBARCH (EGARCH)
specifications. Finally, we find that the correteti coefficient in equation (26) is

significant for Canada, France and Japan and tmwariant for all the countries.
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V. Conclusions.

The paper contributes to the analysis of the wmiahip between growth and its
volatility by examining how the short-run nominalbney uncertainty affects output
growth. The theoretical model predicts that theiakality of output shocks vyields a
positive effect on growth while variability of nonal shocks has a negative effect on
growth, in economies with nominal wage rigidity. Mover, in these economies the
average money growth has a positive effect on draavid after controlling for the
money uncertainty effect. In the context of a bt GARCH-M model, we
empirically investigate the effects of nominal mgnshock and output growth
uncertainties on output growth by estimating siemgously the effects of the dynamic
volatilities of monthly money and output growth thie G7 countries in the conditional
mean equations of the money and output growth.rates

Summarising the empirical analysis we derive tHeWang results. First, there
is strong evidence of significant conditional hesikedasticity effects in the time series
behaviour of monthly production and nominal moneywgh rates during the period of
the early 1960s to 2006. Shocks to nominal monewtr uncertainty have a persistent
effect in Canada, France, Japan and the US wheheaks to output uncertainty are
relatively less persistent in the G7 except inyltahd the UK. Second, there is a
positive and significant effect of output growthcerntainty on growth in the G7 using
the Bonferroni procedure. Following the individulaypothesis we find empirical
support for this hypothesis for Canada, France #wed US. Third, there is some
evidence of a negative and significant effect omimm@al money shock uncertainty on
output growth in the G7 using the Bonferroni indgydor a multiple hypothesis test
(with 10% significance level). Following the indiual hypothesis test approach we

find that nominal money shocks uncertainty exergggaificant influence on growth in

25



Canada and Germany. A possible explanation of tsgnificant and non-negative
effects of nominal money uncertainty in the growtjuation in France, Italy, Japan and
the UK could be the wage indexation and the hidlation experienced in the 1970s by
these economies. Finally, the empirical analyss® giresents evidence that average
money growth has a positive effect on the avemgput growthfor the majority of the
G7.

This paper shows that it can be instructive to aseapproach that separates
nominal and growth uncertainties to understand tiosge relate to long-run growth
both theoretically and empirically. Overall our wes to our question is YES - output

volatility is good for growth for all the G7 usinige multiple test approach.
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Table 1: Summary results of the estimated Bivariat6SARCH-M model for the money and output growth in the G7

Sample 1962:03 -| 1961:03- | 1961:03- | 1965:03- | 1961:02- | 1970:08 - | 1961:02 -
2006:10 2006:10 2003:7 2006:10 2006:10 2006:12 2006:12
Hypotheses: Parameter | Canada France Germany Italy Japan UK us
Restrictions
(i) Money volatility in (23) a,=0 0.0916 0.0683 0.2120 0.4853 0.1346 0.3157 0.2010
(3.91)* (1.73) (3.83)* (4.07)* (2.46)* (3.71)* (3.11)*
a,=0 0.8624 0.9211 0.0488 0.0735 0.8270 0.1042 0.7145
(19.58)* (18.73)* (0.40) (0.64) (11.33)* (2.52)* (8.79)*
(i) Output volatility in (25) a,=0 0.1029 0.1779 0.3722 0.0510 0.1064 0.0530 0.2819
(2.00)* (2.90)* (4.13)* (3.66)* (0.84) (1.89) (3.22)*
a,=0 0.5773 0.1801 0.1465 0.9456 0.0354 0.9443 0.1535
(4.78)* (0.68) (2.29)* (75.02)* (0.05) (36.71)* (0.99)
(iii) Money volatility in (22) B,=0 -0.1614 -0.0092 -0.2036 -0.1853 -0.1121 -0.1744 -0.2229
(-2.34)* (-0.15) (-0.98) (-2.40)* (-1.91) (-0.61) (-1.16)
(iv) Output volatility in (22) B,=0 0.0640 -0.1181 -0.0243 0.0923 0.1846 0.0605 0.0366
(0.29) (-1.38) (-0.66) (3.73)* (0.46) (2.46)* (0.55)
(v) Money volatility in (24) B,=0 -0.1331 0.0020 -0.4093 0.0046 -0.0161 0.4778 -0.343
(-2.02) (0.02) (-2.33)* (0.07) (-0.37) (1.22) (-1.56)**
(vi) Output volatility in (24) B,=0 1.0224 0.2133 0.0417 0.0344 0.3180 -0.0234 0.4481
(2.63)* (2.20)* (0.81) (1.06) (0.49) (-0.30) (2.78)*
(vii) Money growth in (24) B, =0 24.9249 11.4984 0.3968 1.8428 43.266 0.2077 3.6746
[0.000] [0.003] [0.000] [0.175] [0.000] [0.649] [0.055]
Sum of money coeffs in (24) Z,Bn 0.0952 0.2065 0.4908 0.2695 0.1825 -0.1083 0.1148

Note: In each case we report the estimated parasnetehe bivariate GARCH-M in equations (22)-(26)d the corresponding t-statistic in the
parenthesis with the round brackets. The squakétrain the last row for hypothesis (vii) referctd-squared statistic with associated p-values. (*
and (**) denote rejection of the null hypothesidla 5% and 10% significance levels, respectively.
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Appendix A: Theoretical Derivations

Derivation of equations (14) and (16)substituting the expression for the interest

rate in terms of income and capital from (8) in)(atd recall the tha€, +K,,, =Y,

we are able to rewrite (11) as

}/tKHl —_ Uﬂw/'[y +0-ﬁwE[ J/t+1Kt+2 , (1A)
C Cin

this defines a stochastic difference equation. siEtmming the transversality condition

lim., . BE (J.,Ku,4/Cip) =0 its solution is given by:

ay,
K,=—" C, 2A
T -a)y e

wherea=gpy . GivenC, +K,,, =Y, (2A) implies (14) and (16) in the text.

Given H, = H,_,¢ and M, = H, (12) becomes

tht :9+ﬁE[ yt+lMt+l ] (3A)
RC'( F¥+1Ct+1

solving (3A) by using the other transversality cibiod

Ilm 'TaooﬁrEt((yﬁ'TMt+T—lﬂ+T)/R+TCt+T) = O '

we get: M, _ 6 and substituting in for consumption its expressiorterms of
PtCt 1_13

income given by (14) we have (15) in the text.

Derivation of equation (17) this is obtained by substituting in (13) for camgtion

its expression in terms of income given by (14) #vah using (7).
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Derivation of equation (17’). by substituting in (13’) for consumption its egpsion

a‘u,o
A(l-a)

in terms of income given by (14) and then using Wg) obtain: E,_ N, =

Substituting in (15) the expression for income emis of labour and the real wage

given by (7) we get:

\ _ool=A)(-a)n+m)
(1-a)o

(4A)

ao(l-
MEHMV Equating the two expressions

Or, taking expectationsg_,N, = - a)ow

for E_ N, we get the optimal wage\, = . Finally substituting this

AQ-BEL(M,)
ad

expression for the optimal wage in (4A) we get {17’

Derivation of equation (17”): eliminating the real wage from (7) and (13”) get:

aoN ™ =;. Using (14) to express consumption in terms ebme and
E[—lJ/t Kt /Ct

A
E.a[ (1-a)y +ay, |/(1-a)N”

then using (6) to eliminate!, we get: aoN,"" =

which, since at time t-N, is known , can be rearranged to give (17”) in tivet.
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Appendix B: Data Appendix

Table B1: G7 Data Definitions and Descriptions

Country Money Output

Canada M1 money supply, Datastream OECD industrial production index
CNM1....B (1961m1-2006m10) (excluding construction)

France OECD M1 money supply (1960-1977|OECD industrial production index
from OECD Historical Statistics), SA |(excluding construction)
NSA M1 Money Supply: - French
Contribution to the Euro Area,
Datastream FRML1....A (1980-2006m10)

Germany M1 MONEY SUPPLY- (Contribution t©ECD index of industrial production
Euro Basis from 1995m1), SA, (excluding construction)
Datastream BDM1.....B (1960-2003m7

Italy OECD M1 money supply (1964-1980 |OECD industrial production index
from OECD Historical Statistics), SA. |(excluding construction)
NSA M1 Money Supply: - Italian
Contribution to the Euro Area,
Datastream ITM1....A (1980-2006m10|

Japan M1 money supply, Datastream OECD industrial production index
JPM1FMONB (1960-2006m10) (excluding construction)

us FRED M1 money stock (M1SL) (1960H-RED industrial production index
2006m12) (excluding construction, INDPRO)

UK Money Supply MO: Notes & Coins in |OECD industrial production index

circulation outside Bank of England,
Datastream UKMO....B (1969m6-
2006m12)

(excluding construction)

Data Sources:
OECD - Organisation for Economic Co-operation aedd&opment;
FRED — Federal Reserve Economic Data.

Table B2: G7 Outliers Removed

Country Money Output
Canada 1981m12 none
Euro Area | 1990m6; 1999m1; 2000m1; 2001m1;/none
2005m6
France 1968m5; 1977m12; 1995m12 1963m3,4; 1968m5-7
Germany 1964m1; 1965m1; 1966m1; 1967m1,/1968m1, 1984m6, 7
1968m1, 11; 1969m1, 1973m5; 1990m6,
12
Italy 1970m1; 1972m12; 1973ml 1974ml
Japan 1990m5; 2002m3 none
us 2001m9-10 1974m11-12
UK: MO 1971m2,4; 1999m12, 2000m2 1972m2-3; 197418177.8m4; 1979mT,
2002m6
UK: MC 1971m2,4; 1977m6; 1999m12, 2000m2 1972m293:4m1l; 1978m4; 1979nA

2002m6

Note: The above outlier observations are remove8tbgk and Watson’s (2003) inter-quartile range

method.
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