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1. Introduction

This study investigates the question posed in the title (Is volatility good for growth?)
by empirically testing a growth model with real and nominal shock uncertainty.'

Our theoretical analysis is based on a stochastic monetary model of an
imperfectly competitive economy with learning-by-doing, which admits a closed-form
solution. Three alternatives are considered regarding the functioning of the labour
market so as to capture the different features in this respect of the countries in our
sample: perfect wage flexibility, nominal wage rigidity and wage indexation. In fact
while nominal wage rigidities are likely to be present in all the G7 economies, the
degree of their presence varies (see Cahuc and Zylberberg, 2004, chap.8).

A long-standing tradition in macroeconomics—at both theoretical and empirical
levels—is the separation of the study of growth from the study of business cycles.
However recently the question of precisely how cyclical fluctuations might affect
secular trends has been the subject of an expanding body of literature, analysed by
Steindl and Tichy (2009), who focus on industrial countries, and Aizenman and Pinto
(2005) who focus on developing countries. In their overview of the theoretical results
on volatility and growth Aghion and Banerjee (2005) notice that in “creative
destruction’” models where production and R&D are substitutes the relationship
between volatility and growth will be positive. However the relationship will become
negative if, due to financial markets imperfections, R&D has to be financed by current

profits, a condition more relevant for developing countries.

! Throughout the paper we use the terms uncertainty, volatility and variance interchangeably to define
the conditional standard deviation of a variable. For instance, growth uncertainty is equivalent to the
volatility/variability of the innovation of output growth rate conditional on its mean dynamic behaviour
and that of other variables which is estimated by a parametric dynamic volatility model, the details of
which are discussed in the empirical Section III.



When growth is driven by learning-by-doing (Romer, 1986), volatility can have
a negative effect on growth (see Blackburn, 1999, Pelloni, 1997, Martin and Rogers,
2000 and Blackburn and Galindev 2003). However when taking account of optimal
savings de Hek (1999) shows that under learning-by-doing volatility can have a
negative effect on growth only if risk aversion is so low as to be inconsistent with
empirical estimates. Canton (2002) finds a positive relationship in a model where
growth is driven by human capital accumulation and Jones ef al. (2005) show that the
relationship is positive in a large class of convex models of endogenous growth.
Coming to monetary models, Dotsey and Sarte (2000) and Varvarigos (2008) show that
in a convex model with perfect price flexibility there will be a positive effect of money
volatility on growth, while Blackburn and Pelloni (2004) and Annicchiarico et al.
(2011a) and (2011b) introduce nominal rigidities in a learning-by-doing model and find
this effect to be negative.

The relationship between output uncertainty and growth has also been studied
empirically. Some papers find a negative effect based on cross-section or panel
approaches (Ramey and Ramey, 1995, Martin and Rogers, 2000, Kose, Prasad, and
Terrones 2005, Hnatkovska and Loayza 2005). Evidence from time series work is
mixed with positive (Caporale and McKiernan, 1996) and negative (Peel and Speight,
1998) correlations. Inflation uncertainty is found to affect negatively output growth in
GARCH type models by Elder (2004), Fountas et al. (2006), Grier and Perry (2000)
and Grier, ef al. (2004). Fountas and Karanasos (2007) find mixed results about the
effects of inflation uncertainty on output growth for the G7 countries using a
univariate GARCH approach. Bredin and Fountas (2009) use a bivariate GARCH

type model for output growth and inflation and find that output growth and its



uncertainty are negatively related for the majority of the EU countries during the
period 1962-2003.

To preview our results the theoretical model implies that the variance of
nominal shocks has a negative effect on growth, while the variance of real shocks has
a positive effect. We test the theoretical hypotheses of our model by empirically
investigating linkages between money and output growth and their uncertainties using
time-series data spanning around four decades for the G7 countries since the early
1960s. A bivariate GARCH-in-Mean (GARCH-M) model is estimated that allows
output and money growth rates and their uncertainties to interact. The money and
output growth dynamic equations are a function of their lags and of the time-varying
conditional innovation variances that represent the uncertainty factors. We focus on
money shocks as they are a direct indicator of monetary policy volatility whereas
inflation is contaminated by other shocks within the economy. Our empirical analysis
finds a significant, negative relationship between output growth and money shock
uncertainty for most of the G7 countries, in particular those with a higher degree of
rigidity in nominal wages, as well as a significant positive relationship between output
growth and nominal money growth average for all G7. When we apply Bonferroni
multiple tests across the G7 countries we find full support for the theoretical
predictions of our model.

The structure of the paper is as follows. Section II describes the theoretical
model. Section III presents the empirical GARCH-M model and explains the testable
hypotheses derived from the theoretical model. Section IV details the empirical results

for the G7 countries. Section V concludes the paper.



I1. The Theoretical Analysis

In this section we present a stochastic monetary model, in which long-run growth is
sustained by learning-by-doing. While our setting is similar to the one in Blackburn and
Pelloni (2004), our analysis is, however, somewhat more general as we consider an
intermediate sector with imperfect competition and we distinguish three cases as
regards the functioning of the labour market (perfect competition, nominal wage setting
by unions or wage indexation). This is key in our analysis since we show that results on
the effect of money volatility on growth are different in the above three cases of the
labour market. In our model an increase in the volatility of preferences leads, through
precautionary savings, to an increase in the rate of growth under all assumptions on the
labour market. The volatility of money growth will instead reduce the rate of income
growth, but only in the case of nominal wage setting. The overall relationship between
the rate of growth and its volatility turns out to be positive. We thus show that it is
important to isolate the source of volatility, as well as to consider the degree of nominal
rigidity in the economy before one can answer the question of whether and how
volatility affects growth. Another result we derive is that average money growth has a
positive effect on average income growth, under nominal wage setting, if the variance
of money growth does not change. Over the next few sections we will present our

theoretical model in full.

2.1. Firms
There is a continuum of intermediate goods Y (i) where i€ (0,1). Final output, which

can be consumed or invested, is given by

1 /o
Y, = [IY,,“di] (1)



where o € (0,1). Equation (1) displays constant returns to scale. When o =1 there

is perfect competition in the intermediate sector. The final good sector is competitive.
First order conditions for profit maximization imply demand functions for

intermediate goods given by:

o-1
P, =P,($] )

where P is the price of the final good which has a depreciation rate of 100%,” and

P, is the price of the ith intermediate good.

The technology for producing an intermediate commodity is Cobb-Douglas:
— -y o v
Y,=K, N, K", oye(1l). 3)
where N, is labour, K, capital and Z is the economy-wide average capital.

‘Learning-by-doing through investing’ is a possible rationale for increasing returns to
capital, as in Romer (1986), who assumes perfect competition. However, Dasgupta
and Stiglitz (1988) notice that learning-by-doing is consistent with perfect
competition only at the implausible condition that knowledge is totally non
excludable. Imperfect competition allows us to consider the case of increasing returns
at the firm level, which we obtain when v+ =1, that is when technical
improvements can at least be partially appropriated by the firm (notice the maximand,

i.e. profits, is jointly concave in N, ,K, whenever o(a+y) <1 so the maximization

problem will have a well defined solution). Labour and capital are hired from

households at the real wage rate W,/P, and real rental rate R, respectively, where 7,

is the nominal wage. By profit maximization we get:

* As usual, this hypothesis is needed for obtaining a closed form solution.
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A free entry condition ensures that profits are zero in equilibrium. To keep things
simple we assume every intermediate commodity is produced with the same technology

and we focus on a symmetric equilibrium. This means that

Y,=Y,K,=K,,N,=N,P,=P,Vi while:

Y, =N°K, . (6)
and (4) and (5) become:
Yo ooneik, =290 (7)
B N,
R =yoN’ =%Y’. ®)

2.2. Households

We assume a constant population normalised to one of identical, immortal households.

At time ¢, the representative household wants to maximize:

5=0

EU=Y ", {y log(C,.,) + elog[%] - ﬂL,H} Be (0,1),6,20

t+s



where E,; denotes expectations, C; consumption, and L, labour, varying in [0, 1] and %
represents a preference shock, at time . The quantity M,_; denotes beginning-of-period ¢
(i.e. end-of-period #-7) nominal cash balances which are increased by a proportional
stochastic monetary transfer, ¢t.3 Money supply, M,, is then given by:

M, =M, . 9)
We assume that both disturbances {y,,¢,} are governed by independent, stationary
stochastic processes with constant means and constant variances. Moreover the shocks
are assumed to have bounded positive supports. The bounds on employment are then
always respected (i.e. we do not have corner solutions). The unconditional expected

values and variances of the disturbances are denoted, respectively, by {«,,u,} and

{Gi , O';} . The budget constraint at time ¢ for the household is given by

M M
C+—t+d, S%Lt+’T‘I¢’+R,A,+H,, (10)

t t

t

where 4, 1s real assets and II, the firms’ profits.

Each agent maximises the expected value of utility subject to its intertemporal
budget constraint. Agents are assumed to know the values of all parameters, the current
and past values of all variables and the probability distributions of all shocks.
Households choose consumption, money balances and asset holdings according to the

following necessary conditions:

}/t %+1Rt+l

L= BE, | LT | 11

Ct ﬁ t( Ct+1 j ( )
L:i_i_ﬁEt 7/t+1¢t+1 , (12)
PtCt Mt Pt+1Ct+1

? The assumption that monetary transfers are proportional (rather than lump-sum) is made for
tractability (see Benassy 1995).



We now spell out our three alternative assumptions on the labour market. The first is
perfect competition between workers with wage flexibility, the second is nominal wage
setting by unions and the third is real wage setting by unions. Under the first
assumption, a further optimising condition is:

AEC, =y W, (13)
which simply equates the real wage to the marginal rate of substitution between
consumption and leisure. Under the second assumption monopolistic unions choose a
nominal wage at which households supply whatever labour is demanded by firms. We
assume that wage setting takes place prior to the realisation of shocks on the basis of
one-period contracts and that the contract wage is chosen so as to maximise
households’ expected utility, taking into account labour demand. The optimal wage is

then found to satisfy

tNt 9
AE, (N,)=aW,E, [?—CJ (13"

t~t
Finally under the third assumption monopolistic unions choose a real wage w, for the
following period and households supply whatever labour is demanded by firms at that

wage. The nominal wage W, is given by: W, =w, P,.
In words the nominal wage is indexed to the price level so as to reach the level of the
privately optimal real wage set in the previous period. At time #-1 the real wage which

maximises the expected utility of workers, given labour demand, is:

A .

— = (137)
E (e, /C)

The equilibrium behaviour of the household is characterised completely by the first-
order conditions in (8) and (9), the budget constraint (10), either (13) or (13”) or (13’),

and finally the transversality conditions



111’1’1 ‘T—o0 ﬂTEt ((7/[+TMH—T—1¢H—T)/PI+TCt+T) = hm"r—wo ﬂTEt(%H'AHHI/CHT) = O °

2.4 General Equilibrium

The general equilibrium solution is computed by combining the optimising conditions

obtained so far with the market clearing conditions C, + K,,, =Y, (for goods), K, =4,
(for capital), and N, = L, (for labour) plus the already assumed one that money supply

equals money demand. The following relations are then obtained (see Appendix A for

details):
- -9y (14)
' (1—a)7/,+a,u7 r
%: (1-a)6@ Y (15)
B (-Pld-a)y,+au,] "
e (16)

=—— 1
(1-a)y, +au,
where a = offy . For a given level of output, consumption increases while investment

and money demand decrease with higher realisations of the demand shock, . These
responses are non-linear: an increase in the volatility of preference shocks causes a rise
of investment and money demand for given income. Also notice that these increases
are not influenced by money shocks or the structure of the labour market. Finally notice
that the rate of saving is increasing in o .

If the labour market is competitive we have:

_oo[(1-a)y, +au,]

17
t A—a) (17)
while, with nominal wage contracts we have:
2
_aol(-a)y, +au,lé, ‘ a7)

' A(l=a)u,

10



and with wage indexation:

B azowy
T A(1-a)

(17°7)

(derivations can be found in Appendix A). In all cases the higher is the elasticity of
substitution between intermediates and the higher is the average of the demand shock
the higher is employment. In the first case and in the third case, money is neutral. If the
labour market is competitive employment responds linearly to the current preference
shock so its expected value does not depend on the variance of the shock. Under total
wage indexation labour does not respond to shocks (it would if different kinds of
shocks were considered, for instance technology shocks). Finally in the case of nominal

wage setting employment is linear in both shocks.

2.5 Growth and Cycles

If the labour market is competitive, using (6), (16) and (17) we get:

AYt:Zh

Y,  (I-a),+ap,

(18)

ap, oa[(1-a)y,, +au,]]
A(l-a) .

The rate of growth is concave in the current realisation of the preference shock, due to
the decreasing marginal productivity of labour. The rate of growth is however convex
in the lagged realisation of the shock. This is because of saving behaviour: from (16)
we see that the propensity to save out of current income is a convex function of the
preference shock. This is transmitted linearly to production, given the constant marginal

productivity of capital. We have, using a second order approximation:

E(AY) :=E[%jzA[H(l_“)z[“(“_l)”] O'ZJ (19)

2,Uy2 4

t

Y, j _ A (1-a)y (o +1) » 0)

Yt - 2

var(4Y) = Var(
Hy

11



where A= a ( /10'0(#7

a )] . The lower is the market power of firms (the higher is o) the
—-a

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

Let us now consider the economy with nominal contracts. We have, using (6),

(16) and (17°)

Yo _ apu, oo’ [(1-a)y,, +au,1e,, -
Y, (-a)y,+apu, Al=a)u,

(18°)

The growth rate of output, 4Y,, is now dependent on the realisations of both real and

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

respectively, by

E(4Y) :=E(hj;oﬂf1(1+(l_a)z[“(oi_l)”] o2+ 22D 0';] (19)
5 1_ 2 2 1 2

var(4Y) :=Var(£j§(0{“/1) [( %) (20{ i )O'i+a—20';] (20%)
Y, Hy Hy

By comparing (19) and (19°) we see that the impact on average growth of the variance
of real shocks is strictly analogous with or without contracts, so the previous analysis
holds. As for money shocks, we can notice that with zero variance in money growth
there are no effects of average money growth on output growth. Money super-neutrality
under certainty is in fact expected when, as in our model, the utility function is
additively separable in consumption, money and labour (see Wang and Yip, 1992).
However, for a given variance of money growth, an increase in average money growth

leads to higher output growth because it means an improvement in the information

12



available to agents when they choose the nominal wage and therefore a reduction in the
related distortion. In general average growth falls while its cyclical volatility rises with
an increase in the variance of the monetary growth shock. This type of disturbance
impacts on growth through its (linear) effect on employment, of which output is a
concave function, by virtue of diminishing returns to labour. The fact that the average
and the variance of money growth have opposite effects on output growth, together
with the fact that in reality the two tend to be highly correlated, may provide a partial
rationale for some of the inconclusive results in the empirical literature of growth and
inflation.

Finally for the economy with wage indexation we have:

a“A

AYI:: )IH—I :—’117 (18”)

Y, (-a)yy,+au,

and approximating:
EUY)=E| 2 |z om a1+ (- a0/ 1) 197
(4Y) =E| = |= o 4| 1+(-a) 0}/ )| (197)
t

Yt+1 ~ 2o 42 20—}2/ 29
Var 7 za“A (1-a)y —5 (207%)

£ 4

As in the case of a perfectly competitive labour market, money has no real effects,
while the variance of the demand shock has a positive effect on growth. This effect, for
plausible values of «, will be lower than in the competitive case.

For the purposes of the empirical analysis we combine equations (19) and (20)
(or (19°) and (20°) or (19°’) and (20°")) to derive a relationship between output growth
and its variance. We obtain (21), (21°) and (21"°), the first pertaining to an economy
with a perfectly competitive labour market, the second to an economy with nominal

contracts and the third to an economy with wage indexation:

13



E(AY) = A+MV&W(AY) 1)
24(c +1)
E(AY)EO{”A+MVM(A )- “aﬂz(““) Jo. @17
200 A(or” +1) (" +1) 24,
E(Y) = a4+ Var(AaY) (217)
A

It is now evident that the mean and the variance of output growth will always be
positively correlated, whereas monetary shock uncertainty will have a negative effect
(or no effect) on average output depending on the structure of the labour market.
Moreover, under nominal wage setting the average money growth will have a positive
effect on average output growth. These theoretical propositions constitute empirically

testable hypotheses as demonstrated in the context of the empirical models below.

III. Bivariate GARCH-M Model

In this section we present the details of the empirical model and its connection with the
theoretical model and some of its testable implications. The discussion on the empirical
results follows in Section IV.

The bivariate Generalised AutoRegressive Conditional Heteroscedastic in Mean
(GARCH-M) model provides the setup for examining a set of hypotheses that evaluates
if there is empirical support for the theoretical propositions derived in the previous
section. The relationship between money and output and their uncertainties is modelled
by a bivariate GARCH-M(1,1) with constant conditional correlation in the spirit of

Bollerslev (1990):
P q
AMt = ﬁo + ZIBUAMH + ZﬁziAYt—i + ﬁ3O-§M,t + ﬁ4o-§Y,t +é&, (22)
i=1 i=1

2 2 2
O, =0 TOE +O,0,, (23)

14



P q
AY, = s + ZIBMAYH + Z:BnAMH + ﬂSO-zM,t + ﬂ9o-zy,t TV, (24)
i=l i=l

2 2 2
Onry =0TV, +00,y, (25)
cov, = PevOan 1O ary (26)

Equation (22) describes the dynamic conditional mean of nominal money growth,
AM,, as a function of the past history of both money and real output growth, AY,,
and their conditional variances given by 0'§MJ and Giy’l , respectively, which are
estimated by equations (23) and (25). Equation (23) specifies the dynamics of the
conditional variance of nominal money growth shocks and represents a parametric
measure of money uncertainty that affects the conditional mean equations of money
growth (22) as well as output growth (24). In particular equation (23) captures the
time-varying behaviour of money uncertainty as shown by the autoregressive
structure of 0'§MJ which may be associated with time-varying policy shocks. In an
analogous manner equation (25) is the dynamic conditional variance of innovations in
output growth. Equation (24) describes the conditional mean of real output growth as

a function of lags of output and money growth and their conditional variances, 0'§M,,
and Gjyj, . Finally (26) specifies the constant conditional covariance between &, and

v, . It is assumed that the two error terms, £, and v, , are jointly conditionally normal

with zero means and conditional variances given by equations (23) and (25). The
above system of equations allows for the feedback relationship between the two
variables and models jointly both the conditional mean and variance (or linear and
nonlinear) dynamics which are estimated simultaneously using Maximum Likelihood
methods. In the context of equation (24) we examine the empirical support of the

theoretical propositions regarding the effects of money and output growth uncertainty,

15



o1, and o, respectively, on growth A4Y,.* In order to explain the difference in the

notation between the empirical and theoretical models we note that in the former

specification the time series processes of money and output growth, denoted by AM,
and AY, respectively, are governed by dynamics in the conditional mean and
variances, E,_ (AM,), E,_ (AY)) and 0, O.,,, respectively, and specified by the

bivariate GARCH-M equations above. In the theoretical model (equations (21), (21°),

(21°7)) the E(AY) (4, ) indicates both the conditional and the unconditional mean of

output (money) growth due to the simplifying assumptions needed for tractability,
which imply that the process for output (money) growth is not autoregressive, but

only depends on parameters and innovations. The same is true for the uncertainties of

output and money growth, var(4Y) and O'; , which in the theoretical model are

assumed to be constant over time, again for tractability.

The GARCH-M model and variations of it are also adopted in Elder (2004) and
Grier and Perry (2000) to study the relationship between US growth, inflation and their
volatilities, as well as Fountas et al. (2006) and Fountas and Karanasos (2007) for the
G7 and Bredin and Fountas (2009) for EU countries. The parametric measure of
volatility implied by the GARCH specifications is consistent with our theoretical notion
of uncertainty as the conditional variance of the unpredictable innovation of a variable
(e.g. Cukierman and Meltzer, 1986), instead of simply calculating the unconditional
standard deviations of money and output growth.” This point is elaborated further in the

paragraph below.

* Inflation is endogenous in our model. Hence we focus on money and output growth that closely match
the theoretical model predictions.

> Note that although we have a measure of conditional innovation uncertainty we do not consider the
Levine and Renelt (1992) conditioning information set as Ramey and Ramey (1995) since we follow a
time-series approach and some of those variables are either not available at the monthly frequency or

16



The stationarity and dependence properties of the GARCH equations (23) and
(25) provide a framework to interpret the effects of shocks in the uncertainty of output
and nominal money growth rates.® In particular, in the context of our model (22)-(26)
we can allow three useful aspects of volatilities: (i) if output growth uncertainty follows
a GARCH process then we can evaluate if the variance of output growth or other
economic variables have significant dynamic effects; (ii) if the GARCH output

coefficients, e.g. (&, + ¢, ) in equation (23), are statistically significant and equal to or

close to unity then this yields an Integrated GARCH (IGARCH) process according to
which shocks in output uncertainty are expected to have a persistent effect in volatility;
and (i11) if in addition the relationship between the mean and volatility is empirically

supported by a GARCH-in-Mean process as in e.g. equation (24) then it implies that

money and output uncertainty (O'iM)t and O'iy’, , respectively) have a significant effect

on the average output growth. This is due to the fact that the variance enters the
conditional mean growth equation say (22) and its partial correlation with output
growth can be examined in the presence of other uncertainty factors as well as other
mean/average growth rate variables. Hence this model provides a context to disentangle
the mean and variance effects of say nominal money on output growth by modelling all
the conditional moments and estimating their interactions simultaneously. In addition, it
allows us to examine the causality-in-mean and causality-in-variance hypotheses
(Granger, 1988) which relate to our theoretical propositions regarding the direction of
causality of the uncertainty of real and nominal shocks on output growth. Last but not

least, the GARCH-M model allows us to disentangle the empirical effects of the

do not exhibit any temporal variation for studying them in a time series context. Although additional
explanatory variables can augment our conditional mean equations at this stage we choose to focus an
empirical model as close as possible to our theoretical model by considering a bivariate model of five
simultaneous equations for each country and joint hypotheses tests for all the G7 countries.

% Before estimating the model (22)-(26) we test the unit root hypothesis and find that output and money
growth rates (or first log differences) are stationary as reported in Table B3 in Appendix B.

17



average and the variance of money growth on output growth by jointly estimating a
system of dynamic conditional moments. Indeed, some studies emphasize that it is
difficult to separate the effects of inflation/money average and variance on growth
given the high correlation between the two variables (Temple, 2000, Dotsey and Sarte,
2000).

We now turn to the testable hypotheses relating to the theoretical predictions of
the model analysed in Section II regarding the effects and sources of uncertainty on

growth for the G7 countries using the GARCH-M model. Money growth, 4M,, is

measured by the rate of growth of the narrow nominal money supply and output

growth, 4Y,, is approximated by the index of production (IOP) growth rates. The

model is estimated using monthly, seasonally adjusted data for the G7 countries over
the maximum sample 1960 to 2006. Our choice of the sample period takes into account
that 2007 can be considered as a structural break marked by the start of the 2007 global
economic crisis following studies e.g. by Bataa et al. (2012) who find that in the post
2006 there is an increase in inflation volatility for the G7 countries and by Cori¢ (2012)
who show that the period after 2007 marks a period of high volatility in a number of
macroeconomic indicators and in the world output index. For the US in particular the
period ending in 2007 marks the end of the ‘Great Moderation’ era i.e. the end of the
decline in the volatility of output and many other real macroeconomic variables which
extends to many other countries (see also Cori¢, 2012). The choice of the monthly data
sampling frequency reflects our objective to estimate conditional variances from short-
run cyclical dynamics and time-varying policy shocks. The monthly difference of

production with lags of up to a year is an attempt to capture both short- and relatively

18



long-run growth effects. ” Focusing on the G7 allows us to study a relatively
homogenous group of countries which corresponds more closely to the theoretical
assumptions of the model. Summary statistics for money and output growth rates are
presented in Table B3, Appendix B. The summary statistics show that the normality
hypothesis is rejected for almost all the G7 series considered due to mostly excess
kurtosis. This is a stylized fact that can indeed be modelled by GARCH-type
specifications. In addition, the Augmented Dickey Fuller (ADF) tests reported in Table
B3 show that the growth rates of output and money are stationary.

We estimate the empirical model in equations (22)-(26) for each country and
our objective is to examine the support of the following theoretical model propositions
using both individual i.e. country-specific as well as multiple i.e. G7-group hypothesis
testing.

e Hypothesis (i) examines whether nominal money uncertainty is time varying as
modelled by the (G)ARCH-type equation (23) (testing the Hy: ¢, =0 and

o, =0). In addition, if the sum of these GARCH coefficients is close to unity

then a shock in money uncertainty will have a persistent effect.

e Hypothesis (ii) tests whether the growth uncertainty specified in (G)ARCH
equation (25) provides a time varying measure of the growth variability

(Ho: ¢, =0 and a=0).

e Hypotheses (iii) (Ho: #; = 0) and (iv) (Ho: B, = 0) examine the significance of

money and output uncertainty, respectively, in the money equation (22).

7 The details of the data definitions, data sources and the exact sample period for each country are
found in Table B1, Appendix B. In the same Appendix in Table B2 we report the outliers removed
from the output and money growth rates, following Stock and Watson’s (2003) inter-quartile range
method. Most outliers are associated with events which correspond to either global economic events
such as oil crises or country-specific events. Table B2 provides a list of such events for each country
and corresponding set of dates where this is applies.

19



e Hypotheses (v) (Ho: f;=0) examine the effects of money uncertainty during
recessions and (vi) (Hop: 3, =0) of output uncertainty in the output equation (24).
The alternative hypotheses, H: ;<0 and H;: £, >0 derive their signs from the

theoretical predictions (see equations (21), (21°) and (21°”)). Note that the first
coefficient is predicted to be negative if there is nominal rigidity.

e Hypothesis (vii) (Ho: B,,=0, i=1,....,q) examines the effects of money growth on

output growth in equation (24). The alternative hypothesis derived from the
theoretical model suggests that the overall effect will be positive, after
controlling for its variance effects and if there are nominal wage contracts (see

equation (217)).

IV. Empirical Results

In this section we discuss the empirical support of the hypotheses detailed in the
previous section using the bivariate GARCH-M models for the G7 countries. Table 1
presents the summary results for each hypothesis tested and the corresponding
estimated GARCH-M coefficients and p-values based on robust Bolleslev and
Wooldridge (1992) t-statistics. The detailed estimation and misspecification results of
equations (22)-(26) for each country can be found in Appendix C.* The estimation
utilises the BFGS numerical optimisation algorithm with robust standard errors to

calculate the maximum likelihood estimates of the parameters in (22)-(26) (estimated in

¥ Appendix C is available from the web-site
http://www.socialsciences.manchester.ac.uk/disciplines/economics/research/discussionpapers/. This
Appendix also includes the time series graphs of the monthly growth rates of money and industrial
production growth rates used for estimating the bivariate GARCH-CCC model.
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RATS 7.1). The general-to-specific procedure is adopted for specifying the significant
lags in the linear equations.

First we investigate the significance of the conditional volatility estimates for
money and growth since they represent the building blocks of the theoretical and
empirical models. The results of hypotheses (i) and (ii) in Table 1 provide strong

evidence regarding the significance of most (G)ARCH parameters ¢;'s governing the

estimated conditional variances in all countries (except the output volatility in Japan).
These results unfold an interesting property of these macroeconomic variables for the
G7, namely the existence of nonlinear dynamics present in their conditional variances.
In addition, we provide evidence regarding the effects of shocks in the nominal
uncertainty as measured by the volatility persistence of money growth. In the GARCH
equation (23) of money growth the persistence coefficient, (¢, + ¢, ), is close to unity
for Canada, France, Japan and the US, which implies that shocks in nominal money
uncertainty have a persistent effect in these countries.” Similarly, the countries
characterised by significant and persistent volatility dynamics in output growth,

(a4 +a5) in equation (25), are Italy and the UK.
Next we examine the effects of nominal money shock variability, ofM,t , and

growth uncertainty, Gzy,t , on money growth (shown in equation (22) and tested via

hypotheses (iii) and (iv)) and on output growth (shown in equation (24) and examined
by hypotheses (v) and (vi)). As mentioned earlier, these are particularly interesting
given the theoretical propositions that nominal shock uncertainty exerts a negative

effect on growth if there are nominal rigidities, Ho: ;=0 and H;: 5,<0, and the

? Diebold (1986) and Lamourex and Lastrapes (1990) present empirical evidence that volatility
persistence may be a spurious effect due to structural breaks or outliers in the sample. However, in the
present analysis the estimated persistence effects are not due to outliers since these have been removed
from the data before the estimation as shown in Table B2, Appendix B.
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corresponding hypothesis that output growth uncertainty has a positive effect on

growth, Ho: B, =0 and H,: 3, >0. We investigate this hypothesis using two statistical

procedures. First, we test each individual hypothesis for each country separately at a
given level of significance, a. Second, we combine these k=1,..,7 individual hypotheses
and apply a multiple test of significance based on a Bonferroni procedure. In this
context we view each of the G7 as an alternative sample realisation that yields
individual statistics used to examine the empirical support for the global G7 null
hypothesis made up of the intersection of the individual null hypotheses such that
HogZ{Hok, k=1,...,7}. Appropriate methods are adopted to adjust the significance level
to the multiple hypothesis test and a sequential test is performed to examine the sources
of rejection, discussed below. If no empirical support is found for any of the H* at the
adjusted significance level then we conclude that there is no empirical support for the
global null hypothesis for the G7 group. "

Following the individual hypothesis test approach we find that nominal shock
uncertainty has a negative effect on monetary growth in all the G7 and a significant one
in Canada, Italy (at the 5% significance level) as shown in Table 1, hypothesis (iii).
Output growth uncertainty has a significant positive effect on money growth in Italy
and the UK (shown in Table 1, hypothesis (iv)). More interestingly, turning to the
output growth equation (24), we examine the empirical support of the theoretical
prediction that nominal uncertainty has a negative effect on output growth. In results on
hypothesis (v) in Table 1 show that money uncertainty has a negative effect on output
growth in five of the G7 and reports that this is significant in three of the G7 countries,
namely Canada, Germany and the US. The exceptions to this result are France, Italy

and the UK where the estimated money uncertainty variable is positive and significant

' The Bonferroni procedure is valid even if the alternative individual statistics of the hypotheses Hy*
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only in the UK. This can be interpreted using our theoretical analysis by recalling that
nominal volatility will have negative effects on growth only if there is nominal wage
rigidity, which is estimated to be higher in the US and Canada (see Cahuc and
Zylberberg 2004 chapter 8). France, Italy and the UK had at times a very high degree of
wage indexation and underwent periods of high inflation, see Bruno and Sachs (1986)
and Manacorda (2002). In particular the UK had a period of high inflation in the
seventies: Card and Hyslop (1997) among many others provide evidence that in a
higher inflation environment wage adjustments occur more quickly thus reducing the
degree of nominal wage stickiness. In the other economies price indexation has always
been very limited (the US) or forbidden by law (Germany). In addition we examine
hypothesis (vi) regarding the effects of output uncertainty on growth. In Table 1 output
uncertainty turns out to be positive for six of the G7 and it is significant in Canada,
France and the US. This is consistent with our theoretical predictions and distinguishes
our work from many other studies that find a negative effect of volatility on growth.
The last hypothesis (vii) refers to the effect of money growth on output growth.

The joint F-test for zero restrictions on the lagged coefficients of AM,_,, Hy: ,,=0,

i=1,..,q provides strong evidence against the null hypothesis for all countries except
Italy and the UK. The reported sum of B4; coefficients supports our theoretical model
prediction that nominal money growth has a positive effect on output growth (apart
from the UK). To explain these results we recall that this prediction is conditional on
the degree of nominal rigidity, which is likely to be very low especially in the UK
during some periods, as mentioned above.

We now turn to the Bonferroni multiple test procedure for the global G7

hypothesis denoted Hy® which has an asymptotic bound with adjusted significance

are not strictly independent (see for instance, Gourieroux and Monfort, 1996).
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levels of a*=0.007 and 0.014 (given a=5% and 10%, respectively). Hochberg (1988)
and Rom (1990) inter alia, suggest a modified Bonferroni approach following a
sequentially rejective procedure according to which one starts by examining the largest
p-value, p(m), of the individual hypotheses, Ho". If p(m) < o then all hypotheses are
rejected. If not, then one cannot reject Ho® and goes on to compare the next largest p-
value, p(m-1), with an adjusted confidence interval based on the reduction of the
sample size. If that is not rejected the above procedure is implemented in a sequential
manner. Following the multiple significance test approach the empirical results show
that the global null hypothesis for (iv) is rejected for the G7 group. This implies that
output uncertainty has a significant effect on monetary growth given that the maximum
t-value for hypothesis (iv) is #(m)=4.04 which yields an equivalent Bonferroni adjusted
p-value, p(m)=0.00001. In addition, the global hypothesis (iii) is rejected by the data (at
the 10% significance level with corresponding p-value 0.014) since the Bonferroni
procedure yields #(m)=2.57 and corresponding p(m)=0.010. Hence money uncertainty
has a significant, negative effect on money growth at the 10% multiple test significance
level. Yet, more importantly, the multiple test results for hypotheses (v) and (vi) show
that both money and output volatilities have a significant effect on output growth.
Specifically, the Bonferroni adjustment shows that money volatility in the G7 yields a
significant, negative effect on output based on #(m)=2.36 and p(m)=0.0184 (at the 10%
Bonferroni significance level corresponding to a p-value=0.02). Similarly, output
uncertainty has a significant positive effect on output growth since #(m)=6.43 and

p(m)=0.00001.
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V. Robustness considerations

We consider a number of robustness checks for the above empirical findings.
First we perform a number of specification tests for the bivariate GARCH in Mean
Constant Conditional Correlation (GARCH-M-CCC) model for each of the G7 reported
in Table 2. The first two rows of Table 2 show that the volatility effects of money and
output growth are jointly significant in at least one of the two equations of the GARCH-
M-CCC model. In addition a number of residual specification tests are performed. The
Tse (2000) test evaluates the null hypothesis of Constant Conditional Correlation
(CCC) in our bivariate GARCH-M models. The Tse test results reported in row (3) of
Table 2 show that this null hypothesis is supported for all G7 which implies that there is
no empirical evidence of dynamic conditional correlation. "' In addition, the
Portmanteau tests reported in rows (4)-(7) of Table 2 aim at testing the null hypothesis
of no remaining linear or second-order dependence in the residuals using the Ljung-Box
(Q) and McLeod-Li (Q?) tests, respectively. The reported results for the standardised
residuals of both the money and output growth equations show that there is no
additional linear or second-order dependence in the residuals of the GARCH(1,1)-M-
CCC model. An additional hypothesis of interest in such models is the effect of
business cycle dynamics. Hence we examine if there are any significant effects
associated with either the recessions phases of the business cycle using the recession
binary variable indicator approach which is widely used in the literature (see recently,
Piazzesi and Swanson, 2008), or whether there are any asymmetry effects associated

with a threshold or asymmetric volatility effect similar in spirit to Glosten et al.,

' Related robustness checks for the dynamic conditional correlation multivariate GARCH-M models
are reported in Table 3 and discussed below.
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(1993)."% The tests for the significance of the recession indicator in the standardised
residuals of the two equations of the GARCH-M-CCC model are reported in rows (8)-
(10) of Table 2."* The results show that the recession indicator turns out to be
insignificant in both the mean and volatility of the residuals of the money and output
growth of the GARCH-M-CCC equations. Similarly the results reported in row (11) of
Table 2 show that there are no neglected threshold or asymmetric effects in the squared
residuals of the GARCH-M-CCC.

Another approach to evaluate the robustness of our empirical findings which are
based on the bivariate GARCH-M-CCC is to examine their sensitivity using alternative
multivariate GARCH specification which assume dynamic instead of constant
conditional correlation as well as to compare such models using Information Criteria
that measure the relative goodness of fit of the models. In particular we estimate the
bivariate GARCH in Mean of named after Baba, Engle, Kraft and Kroner (GARCH-M-
BEKK) specification (Engle and Kroner, 1995) and the GARCH-M Dynamic
Conditional Correlation (GARCH-M-DCC) model of Engle (2002) models and
compare them with the GARCH-M-CCC in terms of the Akaike and Schwarz
Information Criteria (AIC and SIC, respectively). These results are reported in Table 3.
The first two rows of Table 3 show that the GARCH-M-CCC model minimises both the

AIC and SIC relative to the GARCH-M-BEKK and GARCH-M-DCC models. More

'2 A complementary approach is to estimate multivariate GARCH-M models with Markov Switching
capturing regimes business cycle phases regimes. However, given that the above two residual
specification tests do not provide support that there is neglected systematic information in the residuals
of the GARCH-M-CCC regarding business cycle phases.

" The classical business cycle phases for recession are obtained from the Economic Cycle Research
Institute (http://www.businesscycle.com). A recession phase is dated to commence in the month
following a peak and finishes at the trough month. Using these we construct a recession binary variable
indicator denoted DREC which takes the value one during recessions and zero otherwise for each of the
G7.
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importantly we evaluate the empirical support of our main theoretical hypotheses (iii)-
(vii) using the GARCH-M-BEKK and GARCH-DCC models in order to assess the
sensitivity of our empirical results to the alternative multivariate GARCH
specifications. Overall we find that the empirical results presented in the previous
section and summarised in Table 2 based on the bivariate GARCH-M-CCC model are
robust to the different specifications of the conditional correlation. In particular Table 2
shows that hypotheses (vi) and (vii) are robust across all three multivariate model
specifications. The rest of the hypotheses (iii)-(v) are also overall less sensitive to the
alternative models and it appears that the bivariate GARCH-M-CCC model provides
relatively more significant evidence for these hypotheses compared to the other models
with dynamic conditional correlation. The fact that the bivariate GARCH-M-CCC
model minimises the two Information Criteria (AIC and SIC) in Table 3 and is a well-
specified model based on the tests performed in Table 2 suggests that it is a reliable
statistical model to examine the empirical support of our theoretical hypotheses.
Finally we also examine the robustness of our hypotheses using other
multivariate parametric volatility models which incorporate asymmetries such as the
Threshold GARCH as well as Exponential GARCH (EGARCH) specifications and the
results are qualitatively the same with those using the GARCH-M-CCC reported in
Table 1. This result is consistent with the misspecification tests results reported in Table
2 which show that he recession indicator is insignificant in the standardised residuals of
the GARCH-M-CCC model. In addition we examine the sensitivity of the findings in
Table 1 using other measures of money aggregates. We find that similar results apply
especially with respect to nominal money shock uncertainty. For some of the G7 we

also expanded the information set to include some additional explanatory variables in
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the conditional mean equations such as short-run interest rates and find that the results

in Table 1 still hold.

V. Conclusions.

The paper contributes to the analysis of the relationship between growth and its
volatility by examining how short-run nominal and real uncertainty affects output
growth. The theoretical model predicts that the variability of output shocks yields a
positive effect on growth while the variability of nominal shocks has a negative effect
on growth, in economies with nominal wage rigidity. Moreover, in these economies the
average money growth has a positive effect on growth after controlling for the money
uncertainty effect. In the context of a bivariate GARCH-M model, we empirically
investigate the effects of nominal money shock and output growth uncertainties on
output growth by estimating simultaneously the effects of the dynamic volatilities of
monthly money and output growth for the G7 countries in the conditional mean
equations of the money and output growth rates.

Summarising the empirical analysis we derive the following results. First, there
is strong evidence of significant conditional heteroskedasticity effects in the time series
behaviour of monthly production and nominal money growth rates during the period of
the early 1960s to 2006. Shocks to nominal money growth uncertainty have a persistent
effect in Canada, France, Japan and the US whereas shocks to output uncertainty are
relatively less persistent in the G7 except in Italy and the UK. Second, there is a
positive and significant effect of output growth uncertainty on growth in the G7 using
the Bonferroni procedure. Following the individual hypothesis we find empirical

support for this hypothesis for Canada, France and the US. Third, we find a negative
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effect of nominal money shock uncertainty on output growth in the five of the G7 and
this turns out to be significant using the Bonferroni inequality for a multiple hypothesis
test. Following the individual hypothesis test approach we find that money shocks
uncertainty exerts a significant influence on growth in Canada, Germany and the US. A
possible explanation of the insignificant and non-negative effects of nominal money
uncertainty in the growth equation in France, Italy and the UK could be the wage
indexation and the high inflation experienced in the 1970s by these economies. Finally,
the empirical analysis also presents evidence that average money growth has a positive
effect on the average output growth in all G7 countries.

This paper shows that it can be instructive to use an approach that separates
nominal and output growth uncertainties to understand how these relate to long-run
growth both theoretically and empirically. Our analysis shows that output volatility is

good for growth for all the G7 using the multiple test approach.
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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 (11) and recall the that C, +K,,, =Y,

we are able to rewrite (11) as

K K
St o =oByu, +oByE, [—yé “ j (1A)

t t+1
this defines a stochastic difference equation. Considering the transversality condition

lim._B°E.(y,..K,.,./C.,)=0 its solution is given by:

i G 2A)

where a = ofy . Given C,+K,,, =Y, (2A) implies (14) and (16) in the text.
Given H,=H, ¢, and M, = H, (12) becomes

M, g, g, [&j G

re, BaC
solving (3A) by using the other transversality condition

lim.__ B E,(7.eM,r10,0)/ P..Coi) = 0.

we get: M, _ 6 and substituting in for consumption its expression in terms of

Bct _I_IB

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

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

its expression in terms of income given by (14) and then using (7).
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Derivation of equation (17°): by substituting in (13”) for consumption its expression

o’ u,o
A -a)

in terms of income given by (14) and then using (7) we obtain: £, N, =

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

given by (7) we get:

N, = aa(l—ﬁ)((l—a)% +ﬂ7)M,
(1—a)oW,

(4A)

O{O'(l—ﬁ),uy

Or, taking expectations: E, |N, =
(1-a)ow,

E,_M,. Equating the two expressions

: - M : o .
for E,_ N, we get the optimal wage: W, = Ad=P)E,(M) . Finally substituting this

' o6

expression for the optimal wage in (4A) we get (17°).

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

A

OZO'NIOH =—— . Using (14) to express consumption in terms of income and
EI—l%Kt / Ct

A
E o[ (-a)y,+au, |/(1-a)N/*

then using (6) to eliminate Y, we get: OZO'NIOH =

which, since at time t-1 &, is known , can be rearranged to give (17°’) in the text.
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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
CNMI....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 FRM1....A (1980-2006m10)

Germany M1 MONEY SUPPLY- (Contribution to [OECD 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) (1960- [FRED industrial production index
2006m12) (excluding construction, INDPRO)

UK Money Supply MO: Notes & Coins in OECD industrial production index
circulation outside Bank of England, (excluding construction)
Datastream UKMO....B (1969m6-
2006m12)

Note: Data Sources are the OECD — Organisation for Economic Co-operation and Development and the FRED —

Federal Reserve Economic Data.

Table B2: G7 Outliers Removed

Country Money Output

Canada 1981m12 (Global oil crisis) none

France 1968m5; (May protests in France) 1963m3,4;
1977m12 (Oils Price shocks) 1968m5-7 (May protests in France)
1995m12 (Strikes in France)

Germany 1964ml; 1965ml; 1966ml; 1967ml, 11; [1968ml, (Germany reaches its
1968ml, 11; 1969m1 (monetary policy  |petroleum production peak)
targeting) 1984m6, 7 (Global oil crisis)
1973m5; (Oil Price Shocks)
1990m6, 12 (German re-unification)

Italy 1970m1; 1972m12; 1973m1 (Global oil |1974m1 (Global oil crisis)

Crisis)

Japan 1990m5; (Japanese asset price bubble)  |none
2002m3

[N 2001m9-10 (9/11 attacks at World Trade |1974m11-12 (Oil Price Shock)

Centre twin tower in the US)

UK: MO 1971m2,4 (Decimalisation of Sterling) 1972m2-3(miner’s strike leads to
1999m12 (Large amount of withdrawals |imposition of a 3-day working week);
from cash machines as people fear 1974ml (3-day working week & miner’s
“millennium bug”) strike); 1978m4; 1979m1-2, (Global oil
2000m2 (cash balances returned) crisis)

2002m6 (Queen’s Jubilee holiday, lower
production in June as less working days)

Note: The above outlier observations are removed based on Stock and Watson’s (2003) inter-quartile range (IQR)
procedure. An outlier is defined as an observation which is more than four times the interquartile range from the
median. The outlier is then replaced with the median of the 5 preceding observations. The Gauss code (fcst.prc)
used in Stock and Watson (2003) and can be found within the zip file for this publication on Professor Mark
Watson's webpage. The table reports the outliers removed from the data and the associated events with these dates
when these apply.
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Appendix C: Full Results Tables for G7

Table C1: Linear and GARCH-M Results for Canada

Canada Linear GARCH-M-CCC
Equation (22): f3, 0.7775 [9.41]* 1.0320 [4.17]*
M, -0.0826 [-1.94]%** -0.0790 [-2.05]**
M, 0.1171 [2.73]* 0.1090 [2.89]*
M, -0.0792 [-1.86]%** -0.0894 [-3.11]*
M, 0.0687 [1.60] 0.0729 [2.27]**
M, , -0.1252 [-2.93]* -0.1245 [-4.03]*
Y, -0.0533 [-1.04] -0.0936 [-1.87]%**
Y., -0.1597 [-3.13]* -0.1746 [-3.59]*
Tav, -0.1605 [-2.57]**
Oiy 0.0673 [0.32]

Equation (23): &

0.0818 [1.45]

2

£’ 0.0911 [3.22]*

iM 0.8634 [16.74]*
Q@) 3.153 (0.5330) 1.427 (0.8394)
Q*4) 40.924 (0.0000) 5.497 (0.2400)

Q(6) 6.733 (0.3460) 1.893 (0.9293)
Q%(6) 48.355 (0.0000) 6.669 (0.3526)

Equation (24): O,

0.0995 [1.61]

-0.6625 [-1.84]***

Y., -0.1589 [-3.80]* -0.1579 [-4.22]*
Y, 0.2465 [6.00]* 0.2356 [6.44]*
Y., 0.1322 [3.08]* 0.1300 [3.36]*
Y, 0.0799 [1.90]*** 0.0873 [2.27]**
Y 0.1163 [2.77]* 0.1285 [3.58]*
Y, -0.0805 [-1.97]** -0.1336 [-3.49]*
M,, 0.1068 [3.18]* 0.1088 [3.76]*
M, 0.0896 [2.65]* 0.0898 [3.43]*
M, -0.0873 [-2.57]** -0.1041 [-3.95]*
Tav, -0.1325 [-2.07]**
Oay 0.9954 [2.93]*

Equation (25): @,

0.3328 [2.92]*

2

V2, 0.1061 [2.39]**
Oay 0.5697 [4.58]*
Q@) 0.945 (0.9180) 0.429 (0.9801)
Q) 6.804 (0.1470) 0.778 (0.9414)
Q(6) 4.113 (0.6610) 4.642 (0.5904)
Q(6) 6.887 (0.3310) 4.237 (0.6446)

Equation (26): O,

0.0708 [1.73]***

Note: t-statistics are in square brackets after each coefficient. The diagnostic tests are the Ljung Box Q-statistics for standardised
residuals or squared residuals (4) lags are used for both of these tests). The tests are reported as chi-squared statistics with p-
values in round brackets. Estimation for GARCH-M is by BFGS method with robust standard errors
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Table C2: Linear and GARCH-M Results for France

France

Linear

GARCH-M-CCC

Equation (22): /3,

0.2840 [3.96]*

0.4457 [3.00]*

-0.2022 [-4.96]*

0.2330 [5.60]*

[
-0.1791 [-4.05]*
0.2744 [7.15]*

0.1145 [2.74]*

0.1148 [2.76]*

0.0910 [2.19]**

0.0892 [2.78]*

0.1973 [4.79]*

0.1958 [4.90]*

0.1293 [3.18]*

0.1262 [3.50]*

-0.0801 [-2.35]**

-0.0932 [-2.64]*

-0.0771 [-2.27]**

-0.0604 [-1.77]%**

-0.0121 [-0.17]

-0.1134 [-1.35]

Equation (23): ¢,

0.0106 [0.76]

2

0.0567 [1.54]

€
M 0.9362 [21.30]*
Q@) 5.628 (0.2290) 2.088 (0.7196)
Q@) 8.531 (0.0740) 1.416 (0.8415)
Q(6) 5.760 (0.4510) 4.927 (0.5532)
Q(6) 12.048 (0.0610) 6.153 (0.4062)
Equation (24): O, 0.0926 [1.41] -0.1786 [-0.98]
Y, -0.3014 [-7.54]* -0.3104 [-8.21]*
Y, 0.1875 [4.66]* 0.1842 [4.69]*
Y, -0.0731 [-1.80]*** -0.0745 [-1.81]***
M, 0.1220 [2.63]* 0.1059 [3.20]*
M, 0.0783 [1.70]*** 0.0987 [2.77]*
O, -0.0099 [-0.12]
2
oLy 0.2098 [2.28]**

Equation (25): &,

0.8798 [2.44]**

2
vt—l

0.1765 [3.35]*

2
AY,,

0.1964 [0.70]

Q4

3.311 (0.5070)

4.188 (0.3811)

Q')

36.004 (0.0000)

6.296 (0.1781)

Q(6)

4.470 (0.6130)

7.573 (0.2711)

Q6

38.454 (0.0000)

9.826 (0.1322)

Equation (26): O,

-0.1286 [-3.08]*

42




Table C3: Linear and GARCH-M Results for Germany

Germany

Linear

MGARCH-M-CCC

Equation (22): /3,

0.4437 [7.11]*

0.6714 [3.60]*

0.0724 [1.68]***

0.0895 [2.27]**

1.1066 [2.46]**

0.1152 [2.71]*

0.1834 [4.20]*

0.1734 [4.12]*

-0.0787 [-2.87]*

-0.0887 [-3.11]*

-0.0505 [-1.89]***

0.0658 [-2.27]**

0.0470 [1.79]%**

0.0511 [1.86]%**

-0.1929 [-0.91]

-0.0250 [-0.69]

Equation (23):

0.6950 [5.57]*

£

t-1

0.2041 [3.74]*

2
GAMI—I

0.0533 [0.42]

Q)

6.053 (0.1950)

4.541 (0.3377)

Q’(4)

3.826 (0.4300)

0.560 (0.9674)

Q(6)

6.172 (0.4040)

4.651 (0.5893)

Q(6)

4.123 (0.6600)

1.011 (0.9852)

Equation (24): O,

-0.0687 [-0.77]

0.2030 [1.15]

-0.3383 [-7.71]*

-0.3208 [-6.72]*

-0.0825 [-1.81]***

-0.0765 [-2.49]**

0.1682 [3.69]*

0.1562 [3.69]*

0.1227 [2.70]*

0.1012 [2.38]**

0.1071 [2.33]**

0.1052 [2.72]*

0.0994 [2.27]**

0.1043 [2.42]**

0.1943 [2.83]*

0.1769 [2.90]*

0.1911 [2.75]*

0.2175 [3.59]*

-0.4354 [-2.36]**

0.0437 [0.82]

Equation (25): &,

1.6632 [7.65]*

2
vt—l

0.3749 [4.13]*

2
AY,,

0.1476 [2.14]**

Q4

0.487 (0.9750)

0.176 (0.9963)

Q4

11.906 (0.0180)

0.928 (0.9205)

Q(6)

0.769 (0.9930)

0.762 (0.9930)

Q’(6)

12.115 (0.0590)

0.899 (0.9892)

Equation (26): pO,,

0.0234 [0.53]
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Table C4: Linear and GARCH-M Results for Italy

Italy Linear MGARCH-M-CCC
Equation (22): :Bo 0.5203 [6.06]* 0.5035 [4.507*
M, 0.1536 [3.44]* 0.0949 [2.30]**
* *
M, 0.2486 [5.54] 0.1881 [4.75]
* *
M, 0.1224 [2.65] 0.0939 [2.93]
M, , -0.0698 [-1.51] -0.0955 [-2.30]**
Y, -0.0183 [-0.76] -0.0342 [-1.23]
2 -0.1823 [-2.29]**
O v, [ ]
2 0.1027 [4.04]*
Oay [4.04]

Equation (23): ¢,

0.5611 [4.34]*

2

0.4481 [3.61]*

8[—1
2 0.0591 [0.58]
AMZ*I
Q4) 0.609 (0.9620) 3.488 (0.4797)
Q’4) 21.551 (0.0000) 2.472 (0.6497)
Q(6) 1.516 (0.9580) 1.699 (0.9452)
Q%(6) 33.426 (0.0000) 3.115(0.7943)
Equation (24): @O -0.0110 [-0.07] -0.0815[-0.71]
Y, -0.2683 [-6.05]* -0.2239 [-5.69]*
Y, 0.0642 [1.44] 0.0181 [0.65]
Y . 0.1587 [3.57]* 0.0962 [3.41]*
M, 0.0657 [0.79] 0.0883 [1.92]***
M, . 0.1303 [1.53] 0.0724 [1.43]
M, -0.0086 [-0.10] 0.0705 [1.73] ***
M, , -0.0362 [-0.44] -0.0218 [-0.54]
2 0.0062 [0.10
= [0.10]
2 0.0117[0.36
oL, [0.36]

Equation (25): &,

0.0031 [0.63]

2

0.0428 [4.16]*

vt—]
2 0.9525 [111.29]*
AY,.,
Q(4) 1.767 (0.7790) 1.674 (0.7954)
Q’(4) 41.946 (0.0000) 6.586 (0.1595)
Q(6) 2.308 (0.8890) 0.958 (0.9872)
Q¥(6) 47.249 (0.0000) 4.416 (0.6206)

Equation (26): O,

0.0176 [0.40]
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Table C5: Linear and GARCH-M Results for Japan

Japan

Linear

MGARCH-M-CCC

Equation (22): /3,

0.3723 [3.97]*

0.3681 [0.76]

~
|
—

-0.1716 [-4.12]*

-0.1612 [-1.99]**

~
|
5%}

0.2574 [6.13]*

0.2693 [6.22]*

T
ES

0.1254 [2.99]*

0.1596 [2.06]**

~
|
W

0.1071 [2.60]*

0.1397 [1.48]

~
|
(=}

0.1419 [3.27]*

0.1643 [1.87]***

T|X|X|XIX|R

~
|
o

0.0859 [1.99]**

0.1368 [1.82]***

~
|

—_

—_

0.0914 [2.22]**

0.0947 [0.67]

~
|

—

[

-0.0742 [-1.74]%**

-0.0922 [-0.65]

~IXIX

|
Nl

-0.0533 [-1.36]

-0.0558 [-1.40]

Q
B oo
<

-0.1139 [-1.51]

2
Oy

0.0032 [0.02]

Equation (23): ¢,

0.3068 [1.90]***

2

e, 0.2429 [3.53]*
Ol 0.5682 [4.77]*

Q@) 0.217 (0.9950) 1.598 (0.8092)

Q(4) 66.737 (0.000) 0.169 (0.9966)

Q(6) 0.254 (1.0000) 4260 (0.6415)

Q(6) 67.588 (0.0000) 7.844 (0.2498)
Equation (24): O, 0.0183 [0.22] -0.3707 [-0.51]
Y -0.2548 [-6.08]* -0.2509 [-5.82]*

Y, 0.1793 [4.45]* 0.1882 [4.76]*

Y, 0.3841 [9.64]* 0.3815 [7.82]*

Y., 0.1924 [4.61]* 0.1981 [4.85]*

M, 0.1527 [3.94]* 0.1418 [2.89]*

M, 0.1347 [3.27]* 0.1308 [1.57]
M, 0.1110 [2.71]* 0.1098 [1.90]%**

M, -0.0969 [-2.34]** -0.0967 [-1.29]
M, -0.1038 [-2.53]** -0.1046 [-2.707*

T, -0.0053 [-0.07]

Oay 0.2937 [0.44]

Equation (25): &,

1.1316 [2.01]**

2

v, 0.1156 [2.28]**
e 0.0843 [0.21]
Q) 0.658 (0.9560) 0.744 (0.9458)
Q’4) 5.313 (0.2570) 0.834 (0.9339)
Q(6) 0.805 (0.9920) 1.891 (0.9295)
Q%(6) 8.051 (0.2340) 10.253 (0.1144)

Equation (26): O,

-0.0886 [-2.09]**
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Table C6: Linear and GARCH-M Results for UK

UK

Linear

MGARCH-M-CCC

Equation (22): /3,

0.2131 [4.92]*

0.1463 [2.67]*

0.2857 [6.44]*

]
0.2234 [4.82]*
0.1419 [3.03]*

0.0971 [2.82]*

0.1470 [3.14]*

0.1298 [6.19]*

0.1058 [2.29]**

0.1135 [2.46]**

0.0306 [1.74]%**

0.0270 [1.64]

-0.0358 [-2.06]**

-0.0315 [-2.28]**

-0.1760 [-0.80]

0.0607 [4.66]*

Equation (23): ¢,

0.1282 [11.88]*

2

0.3153 [5.11]*

gt—l
o 0.1045 [3.17]*
Q) 7.058 (0.1330) 2.573 (0.6316)
Q) 36.254 (0.0000) 2.354 (0.6709)
Q(6) 11.396 (0.0770) 5.277 (0.5088)
QX(6) 36.832 (0.0000) 3.385 (0.7592)
Equation (24): O, 0.1679 [1.95]*** 0.0139 [0.67]
Y., -0.0548 [-1.16] -0.1407 [-3.25]*
Y, 0.1182 [2.50]** 0.0942 [2.06]**
Y, -0.0881 [-1.89] % -0.0707 [-1.63]
Y . -0.0707 [-1.52] -0.0613 [-1.38]
M, -0.1083 [-0.91] 0.0412 [1.09]
O, 0.4737 [3.13]*
2
oLy -0.0238 [-0.89]

Equation (25): &,

0.0021 [1.28]

2
vt—]

0.0540 [19.13]*

2
AY,

0.9433 [553.86]*

Q4

0.931 (0.9200)

2.791 (0.5934)

Q')

14.018 (0.0070)

7.470 (0.1130)

Q(6)

1.354 (0.9690)

2.912 (0.8198)

Q*(6)

26.289 (0.0000)

7.529 (0.2747)

Equation (26): pO,,

-0.0119 [-0.29]
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Table C7: Linear and GARCH-M Results for US

US

Linear

MGARCH-M-CCC

Equation (22): /3,

0.1272 [4.06]*

0.0795 [1.13]

~
|
—

0.3107 [8.02]*

0.3678 [13.30]*

~
|
%)

0.1728 [4.28]*

0.1767 [6.20]*

~
|
w

0.0900 [2.20]**

0.0889 [3.84]*

~
|
(=}

0.1295 [3.04]*

0.1192 [4.21]*

| X|IX|X|K

~
|
Rl

0.1530 [3.75]*

0.1367 [4.39]*

-0.0992 [-2.48]**

-0.0886 [-3.49]*

~|X
L

|
[+%)

-0.1037 [-4.01]*

-0.0737 [-2.93]*

|
—
—_

-0.0462 [-1.75] %%

-0.0535 [-2.65]*

N=

L
¥

0.0505 [1.91]#**

0.0604 [2.92]*

Q
B oo
<

-0.2253 [-1.30]

2
Oy

0.1512 [0.98]

Equation (23): ¢,

0.0155 [1.90]***

2
8[—1

0.2021 [3.41]*

2
AM,

0.7159 [7.77]*

Q4

0.355 (0.9860)

1.569 (0.8143)

Q')

34.944 (0.0000)

1.999 (0.7359)

Q(6)

0.709 (0.9940)

2.507 (0.8677)

Q*(6)

52.468 (0.0000)

2.112 (0.9091)

Equation (24): ©,

0.0867 [2.05]**

-0.7369 [-6.49]*

0.2021 [4.75]*

0.0384 [0.75]

0.1228 [2.86]*

0.0435 [1.41]

0.0984 [2.29]**

0.0835 [2.83]*

0.0788 [1.86]***

0.0613 [1.79]%**

0.0883 [2.19]**

0.0404 [1.24]

-0.0673 [-1.67]***

-0.0523 [-1.46]

0.1280 [2.31]**

0.0951 [2.47]**

-0.4789 [-1.99]**

1.0396 [6.43]*

Equation (25): @,

0.2044 [2.55]**

2

0.1629 [3.23]*

Vioi

e 0.2627 [1.10]
Q@) 0.382 (0.9840) 2.372 (0.6677)
Q) 21.227 (0.0000) 2.340 (0.6735)
Q(6) 2.738 (0.8410) 5.359 (0.4987)
Q(6) 22.103 (0.0010) 4.021 (0.6739)

Equation (26): O,

-0.0574 [-1.21]
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Figures I: Time series graphs of industrial production growth rates of the G7
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Figures II: Time series graphs of money growth rates of the G7

” “ ]
’ WMMFLHJH ,IJhmmm“\MH‘HM ALY i {M)..im tmmmm (A ‘an

190 1965 1970 1975 1980 195 19% 1985 00 2005 1%0 1965 1970 1975 190 1985 1990 1995 200 2005

— G 4

=0
WWWHMMMM w

190 1965 1970 1975 190 1985 190 1995 200 1960 195 1910 1975 1980 1985 199 1995 2000 205

. \WMNMMMIM l’h.l |hlei|udw.l]hiﬁ:t.,u\.um’ »

190 1965 1970 1975 1%0 195 199 1985 200 2005 1%0 1965 197 1975 1980 1985 1990 1995 200 2005

50

1960 1965 1970 1975 1980 1985 1990 1995 000 2005

49



RECENT PUBLICATIONSBY CEISTor Vergata

Absenteeism, Unemployment and Employment Protection L egislation: Evidence
from Italy

Scoppa Vincenzo and Vuri Daniela

CEIS Research Paper, 257, January 2013

Card Games and Financial Crises
Leonardo Becchetti, Maurizio Fiaschetti and Gialocktarini
CEIS Research Paper, 256, January 2013

Nonlinear Forecasting Using L arge Datasets: Evidenceson USand Euro Area
Economies?

Alessandro Giovannelli

CEIS Research Paper, 255, November 2012

How Policy Actions Affect Short-term Postcrisis Recovery?
Leonardo Becchetti, Stefano Castriota and PierlQmizo
CEIS Research Paper, 254, October 2012

How Policy Actions Affect Short-term Postcrisis Recovery?
Branimir Jovanovic
CEIS Research Paper, 253, October 2012

The Spread Nightmare: Financial Crisesand Happinesse
Leonardo Becchetti, Giancarlo Marini and Aurora lyea
CEIS Research Paper, 252, September 2012

Stochastic frontier analysis using Stata
Federico Belotti, Silvio Daidone, Giuseppe llarddavincenzo Atella
CEIS Research Paper, 251, September 2012

House Prices and Monetary Policy
Paulo Brito, Giancarlo Marini and Alessandro Pidingia
CEIS Research Paper, 250, August 2012

Insidethe Life Satisfaction Blackbox
Becchetti Leonardo, Corrado Luisa and Sama Paola
CEIS Research Paper, 249, August 2012

Fiscal Policy and Public Debt Dynamicsin Italy, 1861-2009
Alessandro Piergallini and Michele Postigliola
CEIS Research Paper, 248, July 2012




DISTRIBUTION
Our publications are available onlinevat/w.ceistorvergata.it

DISCLAIMER

The opinions expressed in these publications aeatithors’ alone and therefore do
not necessarily reflect the opinions of the supgsrtstaff, or boards of CEIS Tor
Vergata.

COPYRIGHT

Copyright © 2013 by authors. All rights reservea phart of this publication may be
reproduced in any manner whatsoever without wriggermission except in the case
of brief passages quoted in critical articles aadaws.

MEDIA INQUIRIESAND INFORMATION

For media inquiries, please contact Barbara Piazzi39 06 72595652/01 or by e-
mail at ufficiostampa@ceis.uniroma2.itOur web site, www.ceistorvergata.it,
contains more information about Center’s eventblipations, and staff.

DEVELOPMENT AND SUPPORT

For information about contributing to CEIS Tor Vatg, please contact Carmen Tata
at +39 06 72595615/01 or by e-maikafr.ceis@economia.uniroma?.it




