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1 Introduction

There is a number of recent empirical studies that use state-of-the-art advances in macro-
econometrics and financial econometrics to investigate the relationship between money growth
volatility and the level of economic activity. For example, Serletis and Shahmoradi (2006)
investigate the relationship between the variability of money growth and velocity in the
context of a VARMA (vector autoregressive moving average) GARCH (generalized autore-
gressive conditional heteroscedasticity)-in-Mean model of money growth and velocity. They
use quarterly data for the United States, over the period from 1959:1 to 2004:3, and simple-
sum and an early vintage of the St. Louis Fed’s Divisia monetary aggregates, called MSI
(monetary services indices) and documented in Anderson et al. (1997a,b), at the M1 and M2
levels of monetary aggregation. They find evidence in support of Friedman’s (1983, 1984)
hypothesis that the variability of money growth helps predict velocity and that the money
variability/velocity relationship is robust to alternative methods of aggregating monetary
assets.
In extending the work in Serletis and Shahmoradi (2006), Serletis and Rahman (2009)

investigate the effects of money growth uncertainty on real economic activity in the United
States, in the context of a multivariate framework in which a structural vector autoregression
(VAR) is modified to accommodate GARCH-in-Mean errors, as in Elder (2004) and Elder and
Serletis (2010). They use quarterly data over the period from 1959:1 to 2005:4 and provide
a comparison among simple-sum, Divisia, and currency equivalent monetary aggregation
procedures, using a newer vintage of the monetary services indices documented in Anderson
and Buol (2005), at each of the four levels of monetary aggregation – M1, M2, M3, and
MZM. They find evidence that money growth volatility has significant negative effects on
output growth.
In another paper, Serletis and Rahman (2013) use a more general bivariate VARMA,

GARCH-in-Mean, asymmetric BEKK model to investigate the relationship between money
growth volatility and output growth in the United States. They use monthly data from
1967:1 to 2011:3 for simple-sum monetary aggregates and the latest (and last) vintage of
the monetary services indices, documented in Anderson and Jones (2011), at five levels
of aggregation–M1, M2, M2M, MZM, and All. They show that increased Divisia money
growth volatility, irrespective of the level of aggregation, is associated with a lower average
growth rate of real economic activity, but find no effects of simple-sum money growth volatil-
ity on real economic activity, except with the Sum M1 and perhaps Sum M2M aggregates.
They conclude that monetary policies that focus on the Divisia monetary aggregates and
target their growth rates will contribute to higher overall economic growth.
More recently, Serletis and Rahman (2015) provide an update regarding the effects of

money growth variability on real economic activity in the United States using the new Cen-
ter for Financial Stability (CFS) Divisia monetary aggregates. The CFS Divisia monetary
aggregates are maintained within the CFS program Advances in Monetary and Financial
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Measurement (AMFM), are documented in detail in Barnett et al. (2013), and are available
at www.centerforfinancialstability.org/amfm.php. Serletis and Rahman (2015) use monthly
data from 1967:1 to 2014:1, and completely ignore the simple-sum monetary aggregates.
They make comparisons among eight CFS Divisia monetary aggregates: the narrower mone-
tary aggregates, M1, M2M, MZM, M2, and ALL, and the broad monetary aggregates, M4+,
M4-, and M3. They also use the same methodology as in Serletis and Rahman (2013) and
present evidence that increased uncertainty about the growth rate of the CFS Divisia M1,
M2M, and M4+ monetary aggregates is associated with a lower average growth rate of real
economic activity, in general consistent with earlier results based on the St. Louis Fed’s mon-
etary services indices. They also argue that optimal monetary aggregation, as suggested over
thirty years ago by Barnett (1982), will further improve our understanding of how money
affects the economy.
In this paper we build on this literature. We use monthly data for the United States, over

the period from January 1967 to October 2016, and (for the first time in this literature) a
bivariate, Markov switching, structural vector error correction (VEC) model that is modified
to accommodate GARCH-in-Mean errors. The purpose of the structural VEC model with
GARCH-in-Mean errors is to focus on the short run dynamics between money growth and
real output growth while making them consistent with the long run equilibrium relationship
between money and output. It uses a recursive identification scheme, takes into account the
possible interaction between conditional means and variances, isolates the effects of money
growth volatility on output growth, and allows us to study how monetary uncertainty affects
economic growth across different macroeconomic regimes. We only use the CFS Divisia M4
monetary aggregate, as it has recently been suggested by Jadidzadeh and Serletis (2017) in
their study of optimal monetary aggregation, and consistent with Barnett’s (2015, p. 32)
conclusion that “we have nothing to lose by using the highest level aggregate among those
that are in the admissible hierarchy.”
The outline of the paper is as follows. In Section 2 we discuss the data and present the

regime-switching structural vector error correction GARCH-in-mean model. In Section 3 we
present and discuss the empirical results. The final section concludes the paper.

2 Data and Methodology

We use monthly data for the United States over the period from January 1967 to October
2016. For the real output series, Yt, we use the industrial production index (IPI) from the
Federal Reserve Economic Database (FRED) maintained by the Federal Reserve Bank of
St. Louis. For the money measure, Mt, we use the Divisia M4 monetary aggregate from the
Center for Financial Stability (CFS) – see Barnett et al. (2013) for details regarding the
construction of the CFS Divisia monetary aggregates.
We conduct a series of unit root and stationarity tests in the logarithms of Yt and Mt,
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denoted by yt and mt, respectively. We find that yt and mt are nonstationary. We also test
for cointegration using the Johansen (1988) maximum likelihood cointegration approach and
find that yt and mt are cointegrated with two cointegrating vectors. Based on this evidence,
we adopt the vector error correction (VEC) model as the basic framework. In particular,
our empirical model is a Markov switching structural VEC with GARCH-in-Mean. This
model allows us to study how monetary uncertainty affects economic growth across different
macroeconomic states.
The mean equation of the model is

Bst∆zt = Cst + Πstzt−1 +

k∑
i=1

Γi,st∆zt−i + Ψst

√
ht,st + εt

with

εt |Ωt−1 ∼ (0,Ht,st), Ht,st =

[
h∆m,t,st 0

0 h∆y,st

]
where Ωt−1 is the information set available in period t− 1, ∆zt the first difference of zt, and

zt =

[
mt

yt

]
; εt =

[
ε∆m,t
ε∆y,t

]
; ht =

[
h∆m,t,st

h∆y,st

]
; Bst =

[
1 0
bst 1

]

Πst =

[
πst,11 πst,12

πst,21 πst,22

]
; Γi,st =

[
γi,st,11 γi,st,12

γi,st,21 γi,st,22

]
; Ψst =

[
0 0
ψst 0

]
Above, st denotes the unobserved economic regime, and is assumed to follow a first order,
homogeneous, two-state Markov chain governed by the transition matrix

P =

[
p11 p12

p21 p22

]
where pij = P (st = i |st−1 = j ), i, j = 1, 2 and p11 = 1 − p21 and p12 = 1 − p22. All the
parameters in the Bst, Cst , Γst , and Πst matrices are regime-dependent, taking different
values across the two regimes (i and j can only take two values). The two assumed regimes
will suffi ciently describe the dynamic interactions between money and output growth; as sug-
gested by Hamilton (1988, 1989) the two-regime model is suffi cient for modelling recessions
and expansions observed in many macroeconomic time series.
We use a GARCH(1,1) specification to model the conditional variance of money growth,

h∆m,t,st, as follows
h∆m,t,st = d1,st + d2,st ε̄∆m,t−1 + d3,sth̄∆m,t−1

where ε̄∆m,t−1 and h̄∆m,t−1 denote the regime-independent shock and variance, respectively,
as in Gray (1996) who solved the path-dependence problem in the estimation of Markov
switching GARCH models. Finally, because of computational diffi culties, in order to obtain
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a simplified version of the model we assume that the variance of output growth is constant
within each regime, but different across regimes, thus allowing homoscedasticity within each
regime, but heteroscedasticity across regimes.
We identify the model by assuming that the matrix of contemporaneous coeffi cients, Bst ,

is lower triangular. The purpose of our Markov switching, identified structural VEC model
with GARCH-in-mean effects is to focus on the short run dynamics between real output and
the money supply while making them consistent with the long run equilibrium relationship
between them across different macroeconomic regimes. The coeffi cients of the Πst matrix
are interpreted as speed of adjustment parameters; they capture how real output growth
and money growth respond to deviations from the long run equilibrium across different
stages of the business cycle. Following Balcilar et al. (2015), we can decompose Πst in
three different ways, as Πst = αstβ

′
, Πst = αβ

′

st, or Πst = αstβ
′

st , where α is the weight
matrix and β denotes the cointegrating vectors. The first decomposition assumes that the
responses of money growth and output growth to deviations from the long-run equilibrium
relationship between the money supply and real output are regime-dependent, the second
that the long-run equilibrium relationship between money and output is regime-dependent,
and the third that the responses of money and output growth to deviations from the long-
run equilibrium between money and output and the long-run equilibrium relationship are
both regime-dependent. In this paper, we assume Πst = αstβ

′
(that is, the responses of

money and output growth to deviations from the long-run equilibrium relationship between
the money supply and real output are regime-dependent).
Our research question is answered by testing whether money growth volatility affects real

output growth. This is a test of restrictions on ψst , the element of theΨst matrix that relates
the conditional standard deviation of money growth, given by the appropriate element of√
ht,st , to the conditional mean of ∆yt. If the volatility of money growth has negatively

affected output growth, then we would expect to find a negative and statistically significant
ψ̂st .

3 Estimation Results

We multiply the growth rates of the two series by 1000 and estimate the model with 3 lags
based on the Bayesian information criteria. The estimation results are reported in Table 1.
As can be seen, the structural parameter, bst , is not statistically significant across different
stages of the cycle, b̂st=1 = 0.116 with a p-value of 0.285 and b̂st=2 = 0.012 with a p-value
of 0.850. According to the estimates of the αst matrix, we find that money growth and real
output growth respond to deviations from the long-run equilibrium relationship between
money and real output differently across regimes. In particular, a shock that leads to a
deviation of the money supply from its long-run equilibrium relationship with real output,
leads to a decline in the real output growth rate in regime 1 (α̂st=1,21 = −1.021 with a p-value
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of 0.021), but to a statistically insignificant response in regime 2 (α̂st=2,21 = 0.216 with a
p-value of 0.523).
According to the parameter estimates of the variance equation for money growth, we find

that money growth volatility reacts more intensely to money growth movements in regime 1
(d̂2,st=1 = 0.207 with a p-value of 0.000) than in regime 2 (d̂2,st=2 = 0.027 with a p-value of
0.264). However, money growth volatility is more persistent in regime 2 (d̂3,st=2 = 0.899 with
a p-value of 0.000) than in regime 1 (d̂3,st=1 = 0.765 with a p-value of 0.000). Overall, money
growth volatility is more spiky in regime 1, since d̂2 is relatively high and d̂3 is relatively low
in regime 1. We also find that output growth is more volatile in regime 1 (h∆y,st=1 = 64.836
with a p-value of 0.000) relative to regime 2 (h∆y,st=2 = 16.470 with a p-value of 0.000).
According to the ψst estimates across the two regimes, we find that the volatility of

money growth has a negative and statistically significant effect on output growth in regime 1
(ψ̂st=1 = −0.692 with a p-value of 0.021), but this effect is insignificant in regime 2 (ψ̂st=2 =
0.178 with a p-value of 0.479). This is evidence of a nonlinear relation between money
growth volatility and output growth. To better understand the macroeconomic regimes,
we plot the smoothed probabilities of regime 1, p(st = 1|Ω) where Ω is the full sample
information, in Figure 3. As can be seen, regime 1 is generally consistent with contractions in
the business cycle, and exactly captures the recent global financial crisis. Thus, we conclude
that money growth volatility exerts asymmetric effects on output growth over expansions
and contractions in economic activity.

4 Conclusion

In the context of a bivariate, Markov switching, identified structural VEC model with
GARCH-in-Mean errors, we investigate the effects of money growth volatility on real output
growth in the United States, using monthly data over the period from 1967 to 2016, and the
new CFS Divisia monetary data documented in Barnett et al. (2013). We find that money
growth volatility exerts asymmetric effects on output over expansions and contractions in
the business cycle. In particular, we present evidence that increased uncertainty about the
growth rate of the CFS Divisia M4 monetary aggregate is associated with a lower average
growth rate of real output over contractions in the business cycle, but has no statistically
significant effect on the real output growth rate over expansions in the business cycle.
Our results are consistent with recent empirical evidence that shows that money growth

uncertainty has a negative and statistically significant effect on output growth – see Serletis
and Shahmoradi (2006) and Serletis and Rahman (2009, 2013, 2015). More importantly, our
evidence in this paper shows that real output growth reacts asymmetrically to money growth
volatility over different stages of the business cycle. This is in line with the recent evidence
by Santoro et al. (2014) who embed prospect theory into a dynamic general equilibrium
model and show that the optimal Ramsey policy is state-dependent.
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Finally, our evidence suggests that the CFS Divisia M4 monetary aggregate could poten-
tially be relevant either as an intermediate target with nominal GDP being the final target
of monetary policy, as suggested by Belongia and Ireland (2014), or as an indicator in the
real-time nowcasting of nominal GDP as required in implementation of any nominal GDP
targeting policy, as suggested by Barnett et al. (2016).
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Table 1. Parameter Estimates of the Markov Switching Structural GARCH in Mean VEC Model

A. Conditional mean equation

Bst=1 =

[
1 0

0.116 (0.285) 1

]
; Cst=1 =

[
2.398 (0.557)

37.105 (0.000)

]
; αst=1 =

[
0.405 (0.066) −0.391 (0.014)

−1.021 (0.000) −0.821 (0.003)

]
; Ψst=1 =

[
0 0

−0.692 (0.021) 0

]
;

Bst=2 =

[
1 0

0.012 (0.850) 1

]
; Cst=2 =

[
−7.433 (0.158)
15.950 (0.010)

]
; αst=2 =

[
0.958 (0.000) −0.312 (0.098)
0.216 (0.523) −0.869 (0.002)

]
; Ψst=2 =

[
0 0

0.178 (0.479) 0

]
;

Γ1,st=1 =

[
0.421 (0.000) 0.074 (0.000)
0.528 (0.000) 0.284 (0.000)

]
; Γ2,st=1 =

[
0.130 (0.040) −0.027 (0.173)

−0.131 (0.281) 0.099 (0.093)

]
; Γ3,st=1 =

[
−0.013 (0.830) −0.032 (0.133)
0.113 (0.324) 0.159 (0.005)

]
;

Γ1,st=2 =

[
0.151 (0.007) −0.170 (0.000)

−0.101 (0.083) −0.024 (0.912)

]
; Γ2,st=2 =

[
−0.023 (0.662) −0.145 (0.000)
−0.007 (0.912) 0.065 (0.242)

]
; Γ3,st=2 =

[
0.154 (0.005) −0.170 (0.000)

−0.101 (0.098) 0.096 (0.080)

]
;

B. Conditional variance equation

d1,st=1 = 0.055 (0.841) d2,st=1 = 0.207 (0.000) d3,st=1 = 0.765 (0.000) h∆y,st=1 = 64.836 (0.000)

d1,st=2 = 0.642 (0.046) d2,st=2 = 0.027 (0.264) d3,st=2 = 0.899 (0.000) h∆y,st=2 = 16.470 (0.000)

C. Transition matrix

P =

[
0.968 (0.000) 0.035 (0.003)
0.032 (0.038) 0.965 (0.000)

]

Note: Numbers in parentheses are p-values.
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