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Velocity of Money and optimal Monetary Policy for
the Korean and US Economies
There have been large changes in the velocity of money around the world
over the post war period and they could be a potential source of output and
inflation variability affecting stabilization policy. In this paper, we extend a
Calvo style sticky price model to examine the role of the velocity of money
in inflation and output gap dynamics and thereby optimal monetary policy,
both from a theoretical and empirical perspective.
Money in our model is introduced though a transaction cost technology
with an exogenous shock process. The shock captures stochastic change in the
transaction technology and could be interpreted as velocity shock. The
technology acts like a stochastic distortionary consumption tax which fluctuates
endogenously with velocity of money. This approach could generate a long
run money demand relationship consistent with data, while it also emphasizes
distortion effect of money holding.
The resultant Phillips curve becomes a function of velocity as well as an
output gap and a forward looking inflation terms, a feature for which we
provide empirical support. More specifically, we adopt the GMM methodology
to estimate the velocity augmented Phillips curve using the Korean data
between 1970 and 2004, and US data between 1951 and 2005. We observe
that historical inflation dynamics in both countries are consistent with the
velocity-augmented forward looking Phillips curve.
In addition, we find that the problem of the optimizing policymaker is
non-trivially modified in the presence of velocity shocks. The loss function
now includes a velocity shock component as well as the standard output gap
and inflation terms. This then implies that it is optimal for the policymaker to
allow for some variability in inflation and the output gap as long as there are
shocks to velocity of money. Numerical exercises report that the extent of the
variability under optimal policy is critically dependent upon the parameters of
the money demand function in both countries.
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Abstract
There have been large changes in the velocity of money around the world
over the post war period and they could be a potential source of output and
inflation variability aﬀecting stabilization policy. In this paper, we extend a
Calvo style sticky price model to examine the role of the velocity of money
in inflation and output gap dynamics and thereby optimal monetary policy,
both from a theoretical and empirical perspective.
Money in our model is introduced through a transaction cost technology
with an exogenous shock process. The shock captures stochastic change in
the transaction technology and could be interpreted as velocity shock. The
technology acts like a stochastic distortionary consumption tax which fluctuates endogenously with velocity of money. This approach could generate
a long run money demand relationship consistent with data, while it also
emphasizes distortion eﬀect of money holding.
The resultant Phillips curve becomes a function of velocity as well as an
output gap and a forward looking inflation terms, a feature for which we
provide empirical support. More specifically, we adopt the GMM methodology to estimate the velocity augmented Phillips curve using the Korean
data between 1970 and 2004, and US data between 1951 and 2005. We
observe that historical inflation dynamics in both countries are consistent
with the velocity-augmented forward looking Phillips curve.
In addition, we find that the problem of the optimizing policymaker is
non-trivially modified in the presence of velocity shocks. The loss function
now includes a velocity shock component as well as the standard output gap
and inflation terms. This then implies that it is optimal for the policymaker
to allow for some variability in inflation and the output gap as long as
there are shocks to velocity of money. Numerical exercises report that the
extent of the variability under optimal policy is critically dependent upon
the parameters of the money demand function in both countries.
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Introduction

Over the post war period, there have been large changes in the velocity of
money. Figure 1 displays the historical fluctuations of US velocity of money
(M1) during 20th century. The introduction of several cash-saving technologies, such as nationwide credit and debit cards, NOW, sweep accounts have
all contributed to increased variability in the velocity of money.1 Mishkin
(2000) points out the percentage change in M1 velocity in the US from 1981
to 1982 for example, was −2.5%, whereas from 1980 to 1981 the percentage
was 4.2%. This diﬀerence of 6.7% meant that nominal GDP was 6.7% lower
than it would have been if velocity had kept growing at the same rate as
1980-1981. This drop could potentially explain the severe recession during
1980-81. These numbers indicate that changes in the velocity of money
can be a source of output and inflation variability and can therefore aﬀect
stabilization policy.
In this paper we extend the New Keynesian framework to investigate,
both from a theoretical and empirical perspective, the impact of changes in
the velocity of money on an economy.
Money in our model reduces transactions costs. Following Kim and
Subramanian (2005), these costs act like a distortionary consumption tax
fluctuating endogenously with the velocity of money. An increase in the
velocity of money, for example, results in an increase in the transactions
costs. This in turn results in an increase in the eﬀective price of consumption thereby altering the labor leisure choice. The presence of these costs
therefore aﬀects real marginal costs faced by the firms. We show that the
resultant aggregate supply curve or the New Keynesian Phillips curve now
becomes a function of the velocity of money. Fluctuations in the velocity of money thereby directly result in fluctuations in the aggregate supply
curve in the economy. We then proceed to provide empirical support on
the relevance of the velocity component in the estimation of the forward
1

There is considerable empirical literature on the stability of money demand. See
Judd and Scadding (1982), Goldfeld and Sichel (1990), for a survey of the literature

looking Phillips curve. Specifically, we employ the GMM methodology to
investigate the significance of velocity term in the Phillips curve. Various
specifications and instrument sets are used to verify the reliability of the
parameter estimates for the US economy during 1959:1Q to 2005:1Q. We
also estimate the parameters for the Korean economy between 1970:1Q to
2004:4Q. We find that estimated velocity of money terms in the aggregate
supply curve are significant in both countries.
Our next step involves evaluating optimal monetary policy in the presence of shocks to the velocity of money. We find that in the presence of
these shocks, the policymaker’s problem is non trivially modified. The loss
function of policy maker, derived as a second order approximation of the
utility function, now includes a velocity shock term. This is in addition to
the standard output gap and inflation terms. The presence of this term implies that given a shock to velocity it is always optimal for the policymaker
to allow for some variability in inflation and the output gap. Shocks to
velocity in our model therefore play the role of the cost-push shocks in the
standard New Keynesian setup. We also show that under optimal policy
the extent of inflation variability is critically dependent on the parameters
of the money demand function. Specifically, our results indicate that the
fluctuation of inflation varies inversely with the interest elasticity of money
demand. Our results are in direct contrast with much of the New Keynesian
literature which assigns a minimal role to the money demand function.
The rest of the paper proceeds as follows. Section 2 develops the basic
model with cash. Section 3 examines the economy under flexible and sticky
prices respectively. Section 4 estimates a New Keynesian Phillips curve and
tests for the presence of a velocity component. Section 5 formulates and
analyzes the optimal policy rules and Section 6 summarizes the results and
concludes.
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2

Model

Kim and Subramanian (2005)’s monetary general equilibrium model is modified to study the eﬀects of velocity shocks on macroeconomic variables and
stabilization policy. The economy consists of a representative household
that supplies labor, purchases goods for consumption, holds money and
bonds. Firms, hire labor, produce and sell diﬀerentiated products in monopolistically competitive goods markets.
The representative household derives utility from a composite consumption good Ct , and leisure, 1 − Nt , where Nt is the time devoted to market
employment and maximizes the expected present discounted value of utility:
"
#
∞
1+η
1−σ
X
Nt+i
i Ct+i
Et
−χ
,
(1)
β
1−σ
1+η
i=1

where the composite consumption good is defined as a weighted sum of
diﬀerentiated good cj
θ
∙Z 1
¸ θ−1
θ−1
Ct =
cjtθ dj
θ > 1.
(2)
0

The parameter θ measures the constant price elasticity of demand for the
individual goods. The household first minimizes the cost of buying Ct ,
R1
p c dj given (2) to obtain
0 jt jt
µ ¶−θ
pjt
Ct ,
cjt =
Pt
where Pt is the aggregated price index for consumption and given as
1
∙Z 1
¸ 1−θ
1−θ
pjt dj
.
Pt =

(3)

0

In this model, agents hold money to reduce transactions cost. An increase
in the volume of goods exchanged would lead to a rise in transactions cost,
while higher average real money balances would, for a given volume of transactions, lower costs. Following Reinhart and Vegh (1995), the transactions
cost St is defined as
3

(k1 −1)

St = e t Ct k0 vt

k0 > 0, k1 > 1

(4)

where vt is the velocity of money and is defined as PMC . Equation (4) implies
that the transactions costs are a function of the velocity of money and vary
directly with it. The technology also implies that the transactions cost is
homogenous of degree one in consumption and real money balances. This
would mean that the consumption elasticity of money demand is equal to
unity, a fact which is empirically supported.
We can now write the periodic budget constraint of the household as
µ ¶
Mt Bt
Wt
Mt−1
(k
−1)
1
Ct +
Nt +
+
+ e t Ct k0 vt
=
(5)
Pt
Pt
Pt
Pt
Bt−1
+ Πt + Tt ,
+ (1 + it−1 )
Pt
where (1 + it−1 ) is the gross nominal interest rate paid on bonds, Πt is the
profits received from firms, Tt are lump-sum transfers from the government.
In the second stage of the household’s decision problem, consumption,
labor supply, money holdings and bond holdings are chosen. The agents
maximize (1) subject to (5). The first order conditions are given by:
£
¤
Ct−σ = λt 1 + e t k1 k0 vtk1 −1

Ct−σ

#
1 + e t k1 k0 vtk1 −1
−σ
Ct+1
= β(1 + it )Et
k1 −1
t+1
1 + e k1 k0 vt+1
¶
µ
it
1
k1
vt = t
e k0 (k1 − 1) 1 + it
¤ Wt
Ntη £
χ −σ
1 + e t k1 k0 vtk1 −1 =
Pt
Ct
µ

Pt
Pt+1

¶"

(6)

(7)
(8)
(9)

It is clear from (6) that transactions cost introduces a wedge between
the marginal utility of consumption and the marginal utility of wealth. An
increase in vt or t will tend to increase the eﬀective price of consumption and
hence decrease consumption. Equation (7) is the standard Euler equation.
4

Equation (8) implicitly defines the households money demand function. (8)
implies that a rise in will lead to a decrease in the velocity of money, while
a rise in the interest rate will lead to an increase in the velocity of money.
It follows from (8) that shocks to t can be interpreted as shocks to the
velocity of money. Equation (9) shows that fluctuations in the velocity of
money will distort the consumption/leisure margin. Given real wage rate,
a higher t , vt will tend to make people consume less and work less.
bt as the percentage deviation of variable Xt from its steady
Defining X
state value X, we now express the variables in (7), (8), and (9) in terms of
their percentage deviations from steady state. These equations help us to
attain some of the model’s implications:
V0 (1 − k1 )
V0
bt −Et π
σ(Et Ĉt+1 −Ĉt ) = (R
bt+1 )+
(Et vbt+1 −b
vt )−
(Etbt+1 −bt ),
1 + V0
1 + V0
(10)
bt +
ct − Pbt = σ Ĉt + η N
W
vbt =

V0
V0 (k1 − 1)
bt +
vbt ,
1 + V0
1 + V0

b
R
1
¡ t ¢ − bt ,
k1
k1 R − 1

(11)

(12)

where (1 + it ) is Rt and V0 is (1 + ) k0 k1 ν k1 −1 .
Firms employ labor to produce output using a constant returns to scale
technology. The production function of the firm is given by
cjt = At Njt

(13)

where cjt is the output produced by firm j, Njt is labor hired by firm j and
At represents current technology in the economy.
Following the Calvo-Yun setup, firms adjust their price infrequently. The
opportunity to adjust follows a Bernoulli distribution. Define ω, the probability of keeping prices constant and (1 − ω) as the probability of changing
prices. Each period, the firms that adjust their price are randomly selected,
and a fraction (1 − ω) of all firms adjust while the remaining ω fraction does
5

not adjust. By solving and log-linearizing the profit maximization problem
of firms as in Gali and Gertler (1999) or Sbordone (2002), one can obtain
an inflation-adjustment equation of the form
bt+1 + κmc
ct
π
bt = βEt π

(14)

where π
bt is the deviation of the inflation around the steady-state of π̄ and
mc
c t is the percentage deviation of the real marginal cost (mct = Wt /Pt At )
θ
around its steady state value of θ−1
(denoted as µ−1 for future reference).
The parameter κ is given by
κ=

(1 − ω)(1 − ωβ)
ω

(15)

Now to close the model, equilibrium conditions are specified. We follow
Vegh (2002) in assuming that the government gives back to the households
as lump sum transfers the proceeds from transaction costs. This implies
that in our setup transactions costs are a private cost for the consumer and
not a social cost. Formally, the government is assumed to provide shopping
services to the consumer and the proceeds from such an activity are then
transferred back to the consumer in a lump sum way. In addition the
government also returns in a lump-sum manner the proceeds from money
creation. The budget constraint of the government is given by
¶
µ
Mt − Mt−1
Mt
t
Tt =
(16)
+ e Ct V
Pt
Pt Ct
Our assumption implies that our model abstracts from any wealth eﬀects
arising due to transactions costs or seigniorage. This allows us to focus on
the distortionary eﬀects of money2 .
Since this is a representative agent model, the aggregate net lending
must be zero:
Bt = 0
(17)
2

This assumption leads to the loss function of the policymaker not having an interest
rate smoothing term. For more details on this issue, see Kim and Subramanian (2005).

6

Substituting (16), and (17) into the households budget constraint, we get
the goods market equilibrium
Ct = Yt

3

(18)

Flexible and sticky price equilibria

Flexible price implies that all firms charge the same price and real marginal
cost is constant, such that MCt = µ1 , where µ is the constant markup
charged by firms under flexible prices. This would imply that
Wt
At
=
Pt
µ

(19)

We also know from (13) that real wage must be equal to the marginal rate
of substitution between leisure and consumption. This condition implies
that
¤ Wt
Ntη £
At
χ −σ 1 + e t k1 k0 vtk1 −1 =
(20)
=
Pt
µ
Ct
Substituting into (20) and using goods market clearing condition YtF = Ct ,
the production function YtF = At Nt , we can express the flexible price level
output YtF in a linearized form as
1+η b
V0
F
Yc
At −
{(k1 − 1)v̂tF + bt }
(21)
t =
σ+η
(1 + V0 )(σ + η)
Now let us turn our attention to the sticky price setup. Following CalvoYun setup, firms cannot adjust prices every period and therefore must take
into account expected future marginal cost as well as current marginal cost
whenever it has an opportunity to adjust price. (14) implies that inflation
depends on the real marginal costs faced by the firm. In case prices are
completely flexible, the real marginal cost is simply equal to µ1 . However,
when prices are sticky, this is no longer true and the real marginal cost and
the markup are endogenous variables. We can rewrite the marginal cost of
the firm in terms of percentage deviations as,
ct − Pbt − A
bt
mc
ct = W
7

(22)

ct − Pbt from (11), we can express (22) as:
Substituting for W
ct − Pbt − A
bt = (σ + η)Ybt − (1 + η)A
bt +
W

We can use (21) to rewrite mc
c t as

V0
V0 (k1 − 1)
bt +
vbt
(1 + V0 )
(1 + V0 )

(23)

V0 (k1 − 1) c
F
mc
c t = (Ybt − Yc
(vF − vbt ))
t )(σ + η) −
(1 + V0 ) t

The Phillips curve given by (14), can be rewritten as

κV0 (k1 − 1)
F
(vbt − vbtF )
bt+1 + κ(σ + η)(Ybt − Yc
π
bt = βEt π
t )+
(1 + V0 )

(24)

Equation (24) shows that the aggregate supply curve is not just a function of the output gap, but also a function of velocity. This feature distinguishes our analysis from other studies. It is clear from inspecting (24)
that changes in velocity will aﬀect the inflation and output dynamics in this
economy. The model thus provides a clean interpretation of the mechanism
through which changes in velocity aﬀect macro variable in an economy.

4

Velocity augmented Phillips curve estimation

4.1

Econometric Specifications

In this section we provide empirical evidence in support of the velocity
component in the Phillips curve.
We estimate the aggregate supply function (24) which includes a velocity
gap term in addition to the output gap and the forward-looking inflation
term. The standard New Keynesian Phillips curve without velocity terms
has been estimated by Gali and Gertler (1999), Gali, Gertler, and LopezSalido (2001). The objective of our analysis is to obtain the deep parameters
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ω, β, and V0 /(1 + V0 ) conditional on σ, η, and k1 . We can rewrite (24) in
terms of realized variables to obtain
κV0 (k1 − 1)
F
(vbt − vbtF ) + ξ t ,
π t+1 + κ(σ + η)(Ybt − Yc
π
bt = βb
t )+
(1 + V0 )

(25)

πt+1 −Et π
bt+1 ) is the forecast error. We identify the paramewhere ξ t = −β(b
ters of interest via GMM (generalized method of moment). GMM allows for
eﬃcient estimation when there exists heteroskedasticity of unknown form.3
Now we generate a moment condition given by
i
h
F
F
πt+1 − γ 1 (Ybt − Yc
)
−
γ
(
v
b
−
v
b
)
,
bt − βb
0 = Et π
t
t
2
t

0 (k1 −1)
. Denoting Zt as the set of instruwhere γ 1 = κ(σ + η), and γ 2 = κV(1+V
0)
ment variables in the information set orthogonal to the forecasting error,
we express the moment condition as
hn
i
o
F
F
bt − βb
.
(26)
π t+1 − γ 1 (Ybt − Yc
)
−
γ
(
v
b
−
v
b
)
·
Z
0 = Et π
t
t
t
2
t

Alternatively, using the definition of κ in (15) and (25), we can directly
identify the parameters via
⎫
⎡⎧
⎤
ωb
π
−
ωβb
π
⎪
⎪
t
t+1
⎨
⎬
⎢
⎥
F
(27)
· Zt ⎦ ,
0 = Et ⎣ −(1 − ω)(1 − ωβ){(σ + η)(Ybt − Yc
)
t
⎪
⎪
⎩
⎭
V0 (k1 −1)
F
+ (1+V0 ) (vbt − b
vt )}
or

⎡⎧
π
bt − βb
π t+1
⎪
⎨
⎢
(1−ω)(1−ωβ)
F
0 = Et ⎣ −
{(σ + η)(Ybt − Yc
t )
ω
⎪
⎩
0 (k1 −1)
+ V(1+V
(vbt − vbtF )}
0)

⎫
⎪
⎬
⎪
⎭

⎤

⎥
· Zt ⎦ .

(28)

We label (26), (27), (28) as specification 1, specification 2, and specification 3 respectively. All the specifications require knowledge on σ, η, k1 to
identify ω, β, and V0 /(1 + V0 ). Thus, we could check stability of estimates,
3

We checked with Breuch-Pagan test, White test, and others to find out that heteroskedasticity exists in a standard regression analysis of our model.
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while computing the parameters with alternative equations. In addition,
specifications 2 and 3 will provide another robustness check on the estimates because non-linear GMM is sensitive to the way moment conditions
are normalized, especially in small samples.
Another important issue related to small sample properties is the weak
instrument problem. GMM is a consistent estimator, but not an unbiased estimator, and it is known that increasing the number of weak instruments could increase bias of estimates while lower their variances. Following
Bound, Jaeger, and Baker (1995), we used F-test method of the joint significance of Zt instruments in the first-stage regression. However, when
multiple endogenous variables exist, F-test may not be suﬃcient and a parsimonious selection of instrument variables is often recommended (Staiger
and Stock (1997)). Since there exists no clear way of selecting good instruments in case of non-linear GMM estimation, we present the estimates with
three instrument sets which are similar to those found in the literature.
In case of US economy, our benchmark instrument vector Zt includes
three lags of GDP deflator inflation, four lags of real GDP gap, four lags
of real unit labor cost, one lag of three-month treasury bill rate and one
lag of M1 velocity gap. The real GDP gap and the velocity gap terms
are computed using the Hodrick-Prescott Filter as opposed to detrended
output. The HP filter is a better measure of the output gap as it more
accurately captures fluctuations in the potential output. We label the above
set as instrument set 1. The instrument set 2, which is smaller, consists of
two lags of GDP deflator inflation, one lag of real GDP gap, one lag of
3-month treasury bill rate, two lags of real unit labor cost, and one lag of
M1 velocity gap. The instrument set 3, which is larger, has four lags of PPI
inflation, unemployment rate, and long-term interest rates measured by 10year constant maturity treasury yields. These variables are in addition to
those present in instrument set 1.
We used the quarterly data for the US economy over 1959:1Q to 2005:1Q.
All the series are from the St. Louis Federal Reserves Web page (FRED). We
use the data from the bank of Korea and IFS between 1970:1Q to 2004:4Q
10

to analyze the Korean economy. When we run estimations, parameters and
weighting matrices are iterated until convergence of parameters, following
Hansen (1982). This recursive procedure has the same asymptotic properties as the two-stage estimation, yet better performs in small samples,
because it is less sensitive to the choice of initial weighting matrix.

4.2
4.2.1

Empirical results
US economy

Table 1 displays the estimates of the parameters with the specification 1 for
three sets of instruments. The estimates of β are between 0.95 and 0.994
and are consistent with the discount rate commonly used in the literature.
The parameters γ 1 and γ 2 have the right signs and have small standard
errors. The estimated value of γ 1 = κ(σ + η) is around 0.23. Estimates
of γ 2 = κ(k1 − 1)V0 /(1 + V0 ) are in the range of 0.02 to 0.03. Inserting
σ = 1.5 and η = 1, which are standard in the literature, the implied value
of κ is 0.092. Using the definition of κ in (15) and an estimate of β (0.99),
we compute the fraction of firms not adjusting the price, ω, as 0.742. This
estimate of ω is consistent with the values obtained by Gali and Gertler
(1999) and Ravenna and Walsh (2003). J-tests confirm that we cannot
reject the overidentifying restrictions with a caution that J-test is of low
power against model misspecification.
Table 2 presents the estimates for all three specifications with three
instrument sets. We estimate β, ω, V0 /(1 + V0 ) given σ, η, k1 . Specification
1 reports imputed value after linear GMM estimation. Specifications 2 and
3 report estimates based on non-linear settings. We found ω to be unstable
across alternative specifications. Interestingly, the first specification result
gives some clue about the instability. By construction, ω can have multiple
solutions in the equation, and diﬀerent setting favors one solution over the
other. We report the possible parameter values for the specification 1 and
it is easily observed that the specification 2 leans toward the smaller value,
while the specification 3 prefers the larger ω. The smaller value around 0.7
11

is consistent with most of empirical literature, so we will use the smaller
one for our numerical exercise. However, all of the estimates on ω together
with β to compute κ(σ + η) show significant, positive signs consistent with
the theoretical prediction.
The estimates of V0 /(1 + V0 ) are mostly significant though, somewhat
volatile depending on instrument set and specification.
In conclusion the empirical estimates support our hypothesis of a velocity
component in the Phillips curve.
4.2.2

Korean economy

In this section we estimate an augmented Phillips curve using the Korean
data. We obtained most of data series from the Bank of Korea and the
IFS data set. Figure 4 displays the relationship between the inverse of M1
velocity and interest rate during 1970 1Q and 2004 4Q. We do not attempt
to explore stability of money demand function with this simple exercise but
it appears to show that a long run relationship exists and there exist shocks
around this long-term trend. Estimates of interest rate elasticity of money
demand when income elasticity is restricted to one is 0.21 with OLS and
0.42 with dynamic OLS and both estimates are very reliable. When we run
unrestricted regressions for the same period, income elasticity is roughly
1.2 and interest elasticity is around 0.6, but income elasticity becomes more
volatile.
Now we run the same GMM estimation for the Korean data to obtain
the following result.
∙½
¸
¾
F
c
F
b
0 = Et π
bt − 0.72π
bt+1 + 0.11 (Yt − Yt ) − 0.03 (vbt − vbt ) · Zt
(0.02)

(0.02)

(0.001)

Alas, it has the wrong sign for the output gap. This problem has been
reported by Gali and Gertler (1999) and Gali, Gertler, and Lopez-Salido
(2001).
They used a proxy for marginal cost to correct the wrong sign. We
argue that it could come from poor measurement of output gap either using
12

HP filter or other measures of output gap. When a variable is subject to
measurement errors, a good linear predictor of the variable is a moving
average according to Kalman filter. Following this idea, we gave a rough
estimation with a moving average of current and two lags of our output gap
measure.

0 = Et

"(

#
)
2
X
F
π
bt − 0.82π
bt+1 − 0.12
(Ybt−i − Yd
bt − b
vtF ) · Zt .
t−i ) − 0.01 (v
(0.03)

(0.01)

(0.001)

i=0

Now we can observe restored the right sign for the output gap and the
estimate for beta better looking. At the same time, the velocity related
coeﬃcient is significant and quite consistent with the US case.
This is far from a rigorous estimation, but shows that Korean economy
is also consistent with the set up allowing for velocity terms in describing
inflation dynamics.

5

Optimal monetary policy

This section studies the optimal monetary policy problem. We first derive
the policy maker’s objective function from the utility function of the household and set up a Ramsey problem. After discussing our choice of parameter
values for numerical exercises, we analyze optimal monetary policy under
discretion. We then simulate the model to examine numerically the impact
of velocity shocks.
Following Woodford (2003), our policy objective function is obtained
by taking a second order approximation of the utility function. It can be
shown (see appendix) that the present discounted value of utility of the
representative household can be approximated by
∞
X
t=0

where

t

β Ut ≈ U − Θ

∞
X
t=0

h
i
2
∗ 2
E
β t α(Ybt − Yc
−
z
)
+
π
b
t
t
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(29)

(1 + η) b
E
Yc
At
t =
(σ + η)

(30)

z ∗ is the gap between flexible price steady state and the eﬃcient steady
state level of output where there are no distortions and Θ is a parameter
derived in the appendix. The parameter α is given by
∙

(1 − ω)(1 − ωβ)
α=
ω

¸µ

σ+η
θ

¶

(31)

Using (12), we can express the flexible price level output YtF in a linearized form as
1+η b
V0
V0 (k1 − 1)
cF (32)
F
¢
R
At −
bt − ¡
Yc
t =
t
σ+η
k1 (1 + V0 ) (σ + η)
k1 R − 1 (1 + V0 ) (σ + η)

cF is the nominal interest rate expressed in deviation form in the
where R
t
case of flexible prices. The welfare gap in the policy makers function (Ybt −
∗
E
Yc
t − z ) therefore diﬀers from the gap between output and the flexible
F
price equilibrium output level (Ybt − Yc
t ). Using (32) we can rewrite the
policy maker’s welfare gap as
∗
cF
E
b
(Ybt − Yc
t − z ) = (Yt − Yt )−

(33)

V0
V0 (k1 − 1)
cF − z ∗
¢
bt − ¡
R
t
k1 (1 + V0 ) (σ + η)
k1 R − 1 (1 + V0 ) (σ + η)

z ∗ is the gap between flexible price level of output and steady state level
of output. z ∗ depends on the presence of monopolistic competition and the
monetary distortion generated by a non-zero interest rate. Following much
of the literature we will assume that there are fiscal subsidies available so
that these eﬃciency distortions are eliminated and z ∗ = 0. In the standard
new Keynesian model the loss function depends on the gap between actual
and flexible level of output and deviation of inflation from its targeted value.
The Phillips curve is also a function of the same output gap. Hence any
14

policy that is designed to keep output equal to its flexible price level also
would succeed in stabilizing inflation. The above equation clearly shows
that in the presence of a positive nominal interest rate and shocks to the
transactions cost technology this result no longer holds. It may be optimal
F
to oﬀset fluctuations in by allowing (Ybt − Yc
t ) to fluctuate. The same is
true when there are changes in the nominal interest rate.
Now we define a new term Yt∗ as the output level that one would obtain
under flexible prices conditional on a given RtF (in other words we assume
cF = 0)
R
t
1+η b
V0
∗
bt
Yc
At −
t =
σ+η
k1 (1 + V0 ) (σ + η)

(34)

∗
We can now define xt = Ybt − Yc
t as the output gap between flexible price
output under a constant nominal interest policy. Using this definition we
can rewrite (29), 10, 24. The policymakers problem can now be reformulated
as

ª
1 X i© 2
min − Et
β π
bt + α [xt − V bt ]2
et
2 t=0
xt ,e
π t ,R
∞

(35)

where V = k1 (1+VV00)(σ+η) . The above function is minimized subject to the
following constraints
1 b
V0 (k1 − 1)
bt ) + gt (36)
bt+1 − R
(Et R
xt = Et xt+1 − (R
bt+1 ) +
t − Et π
σ
k1 σ(1 + V0 )(R − 1)
bt+1 + κ(σ + η)xt +
π
bt = βEt π

where gt is given by

κV0 (k1 − 1)
bt
R
k1 (1 + V0 )(R − 1)

´
1+η ³b
bt
At+1 − A
σ+η
ηV0
(bt+1 − bt )
+
k1 σ(1 + V0 ) (σ + η)

gt =

15

(37)

(38)

The objective function (35) is dependent on the disturbance term t as
well as inflation and the output gap terms. The formulation clearly shows
that in response to a shock to t it may be optimal for the policy maker to
allow the output gap to fluctuate. Fluctuations in the output gap would lead
to fluctuations in the Phillips curve (37). As shown by Kim-Subramanian
(2005), the presence of a nominal interest rate term in the Phillips curve
implies that a policy of domestic price stability is never optimal in our
framework. In the standard New Keynesian model shocks to aggregate
demand are completely neutralized by adjusting interest rates. this policy
does not conflict with stabilizing inflation. In our case the policymaker
would have to be more cautious in adjusting interest rates as changes in the
nominal interest rate aﬀect the Phillips curve directly.

5.1

Optimal policy under discretion

We consider the case of policy under discretion. We assume that a shock to
velocity is the only disturbance in this economy. The first order conditions
imply:
¸
∙
σV1
κb
πt
xt − V bt = −
(σ + η) −
α
1 + V1

(39)

where V1 = V0 (k1 − 1)/[k1 (1 + V0 )(R̄ − 1)].
h
i
σV1
(39) shows that the central bank ensures that xt + κeαπt (σ + η) − 1+V
=
h
i1
σV1
= 0.
V bt . If bt = 0 the central bank would set xt + κeαπt (σ + η) − 1+V
1
However if bt 6= 0 then it is clear that for a given rate of inflation the central
bank accepts a higher output gap in the face of a positive shock to velocity.
Further, the response of the output gap is critically dependent on the term
σV1
. This term in turn depends upon the parameters of the money demand
1+V1
function. The response of inflation and output gap in our setup is therefore
critically influenced by money demand. This distinguishes our analysis from
the typical New Keynesian set up where money demand plays no role in the
determination of inflation and output dynamics. We leave further discussion
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on this topic to the next section.

5.2
5.2.1

Numerical results
US economy

All the simulations that follow are computed by calibrating the model and
numerically solving it by using the approach described by Söderlind (1999).
The model is interpreted as quarterly. The parameter values that we use are
quite standard in the literature. We set σ and η at 1.5 and 1 respectively.
β is set equal to 0.99 appropriate for interpreting the time interval as one
quarter. The value of ω = 0.75 is consistent with empirical findings of
Galí and Gertler (1999). θ is set equal to 11 and implies a steady state
markup of 1.1. κ and α are computed from (15) and (31). These values are
consistent with those reported in Galí and Gertler (1999), McCallum and
Nelson (2000), Jensen (2002), Ravenna and Walsh (2003), and our empirical
results. Table 3 summarizes them.
We estimate (8) in log form using the (dynamic) OLS to obtain the
value of k0 and k1 for M1. Data used ranges between 1st quarter 1959
and 1st quarter 2005. We use the same data set employed in previous
sections. The estimated value of k1 was 2.4 (i.e. the implied elasticity of
money demand k11 = 0.416), k0 was 0.0005 and the average velocity of M1
during the period is 6.3. Using the definition of V0 = (1 + ) k0 k1 ν k1 −1 , we
obtain V0 /(1 + V0 ) around 0.0167 with = 0. This is lower than those we
found in the estimation, but not inconsistent. In addition, dynamic impulse
responses with this value can be interpreted very conservatively, for the
higher this value, the larger the impulse responses of both inflation and
output gap. Three important parameters for numerical exercises are V in
V0 (k1 −1)
κV0 (k1 −1)
(35), k1 (1+V
in (36), k1 (1+V
in (37). The implied values under
0 )σ(R̄−1)
0 )(R̄−1)
benchmark parameters are 0.0028, 0.65, and 0.0896 respectively. We also
carry out sensitivity analysis with the alternative estimates of the money
demand elasticity. We use the standard deviation of velocity shock as 0.053,
computed from identifying the shock as AR(1) process using the residuals
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of money demand estimation.
We now numerically explore the consequences of one standard deviation,
negative shock to velocity. Figure 2 plots these results. We find that this
results in a drop in inflation and a fall in the output gap significantly.
Given that potential output rises when there is a negative shock to t (See
34), it must be the case that actual output should rise by less than the
potential output in order for xt to fall. This would imply that the real
interest rate would need to rise. The policy maker achieves this by increasing
the nominal interest rate suﬃciently. Figure 3 plots the impulse responses
for the case when the interest elasticity is very small, say 0.05. This is
mainly for sensitivity check, though it has some important implications.
On examining the dynamics, we find that they are considerably amplified
relative to the benchmark case. The intuition follows from taking a close
look at (39). Clearly a decrease in the interest elasticity of money demand
σV1
results in an increase in the term 1+V
and V . This then results in the
1
output gap falling further than the benchmark case. Our analysis therefore
implies that the more inelastic the money demand function is, the greater
is the inflation variability under optimal policy. The result would therefore
imply that the new Keynesian prescription of emphasizing domestic price
stability could only be optimal in economies with a highly interest elastic
money demand function.
5.2.2

Korean economy

We perform the same numerical exercise for the Korean economy. Since
there exists little literature on the empirical estimations of important parameters, we impute values either using our empirical results or the US case.
We again set σ and η at 1.5 and 1, θ = 11, and β is set equal to 0.99. In
case of β, we have estimates around 0.8 to 0.9 depending upon instrument
specifications, however it is too low to be consistent with current real interest rate in a quarterly frequency. When we have lower β, the numerical
results will be even more amplifying so one could interpret our result con-
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servatively in this regard. From the inflation dynamics estimation, we could
impute κ as 0.05. Then we could compute α as 0.01 using the formula. For
the parameters dictating money demand equation, we obtain k1 = 5 and
k0 = 0.006 using regression analysis. In fact, k0 could be computed provided that we know k1 , V0 , and v̄ because of V0 = (1 + ) k0 k1 ν k1 −1 . Via
this route, k0 = 0.003. Experimenting with both options show little quantitative diﬀerence. We use the former as the benchmark. In the case of
Korean economy, we just compute the impulse responses of macroeconomic
variables when there is a unit reduction shock in transaction cost. Figure 5
display the result and one could observe the same but very amplified pattern
compared to the US case. The result is consistent with the interpretation in
the figure 3. That is, compared to the US economy, the Korean economy is
of lower long-run interest rate elasticity. Thus, optimal monetary suggests
a bigger movement of both inflation and output gap when the economy is
subject to exogenous shocks in velocity.

6

Conclusion

Changes in the velocity of money can lead to increased output and inflation variability and hence make diﬃcult the policymaker’s judgement on
the appropriate stabilization policy to be implemented. In this paper we
investigate the role of the velocity of money in inflation and output gap
dynamics.
Money in our model facilitates transactions and is introduced through
a transactions cost technology. Transactions cost in our model acts like a
distortionary consumption tax which varies endogenously with velocity. The
presence of this tax alters the labor-leisure trade-oﬀ and aﬀects the marginal
cost of the firm. The resultant Phillips curve therefore becomes a function of
the velocity of money. We then perform structural estimations to identify a
forward looking Phillips curve with the velocity term and provide empirical
support for the presence of a velocity component in it. Interestingly, we
found that both Korean and US economies show similar pattern of inflation
19

dynamics both qualitatively and quantitatively.
Our analysis on optimal monetary policy suggests that explicitly taking
into account velocity shocks, modifies the policymakers problem in a nontrivial way. Two key results emerge. First, we show that the policymaker’s
loss function includes a velocity shock term in addition to the standard
output gap and inflation terms. Second, we find that in the case of a
temporary shock to velocity the optimal policy response under discretion is
to allow for some variability in inflation and the output gap. The extent of
this variability is shown to be critically dependent on the interest elasticity
of money demand through sensitivity checks and comparison of the Korean
and US data.
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A

Appendix

A.1

Loss Function

Following Woodford (1999) and Walsh (2003), in this section we develop
the loss function for the policymaker Following Ravenna-Walsh ( 2003)
we define the following notation. For any variable X t is its steady state
et is defined
value. Xt∗ is its eﬃcient value. XtF is its flexible-price level. X
bt is defined as logXt − log X.
as Xt − X. X
et ≈ X(X
bt + 1 X
b 2 ). From Equation (1) we know that
We can express X
2 t
utility is separable in consumption and leisure. We begin by first approximating the utility obtained out of consumption. Taking the second order
Taylor approximation for utility obtained out of consumption we get.
et2
et + 1 Ucc C
U(Ct ) = U (C) + Uc (C)C
(A.1)
2
Using the goods market clearing condition given by Equation (18) and
ignoring X i for i ≥ 2 we can rewrite the above expression as
1
U(Ct ) = U(Y ) + Uc (Y )Y [Ybt + (1 − σ)Ybt2 ]
(A.2)
2
We now obtain an expression for the disutility of work. the second order
Taylor expansion for V (N) is
et + 1 VNN N
et2
V (Nt ) = V (N) + VN (N)N
2

(A.3)

Following the steps in Ravenna-Walsh ( 2003) we get

¸
∙
1 1
1
2
b
b
b
b
V (Nt ) ≈ V (N) + VN (N)y Yt − At + ( )vari ybt (i) + (1 + η)(Yt − At )
2 θ
2
(A.4)
Combining Equations (A.2) and (A.4) we get
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¸
∙
1
2
b
b
U(Ct ) − V (Nt ) = U(C) − V (N) + Uc (Y )Y Yt + (1 − σ)Yt
2
¸
∙
1 1
1
2
b
b
b
b
− VN (N)y Yt − At + ( )vari ybt (i) + (1 + η)(Yt − At )
2 θ
2
We know from the steady state labor market clearing condition that

We also know that

VN
W
¤
= £
P 1 + k1 k0 vk1 −1
Uc
1
W
=
P
µ

(A.5)

(A.6)

We now define Υ such that
1−Υ=
so we get

1
£
¤
µ 1 + k1 k0 v k1 −1

VN
= 1 − Υ =⇒ V N = U c (1 − Υ) =⇒ V N y = U c Y (1 − Υ)
Uc

(A.7)

(A.8)

We will assume Υ to be very small such that terms like (1 − Υ) Ybt2 ≈ Ybt2 .
1+η
Υ
Defining YbtF = σ+η
, the utility approximation can be
Ât , and z ∗ = σ+η
written as :
i2
h
1
F
∗
b
b
U(Ct ) − V (Nt ) = U(C) − V (N ) − (σ + η)Uc (Y )Y Yt − Yt − z
2
(A.9)
1
1
− Uc (Y )Y ( )vari ybt (i)
2
θ
+ terms independent of stabilization policy
With the assumed utility function,
22

log yt (i) = log Yt − θ(log pt(i) − log Pt )

(A.10)

vari log Yt (i) = θ2 vari log pt (i)

(A.11)

So

The price adjustment mechanism involves a randomly chosen fraction 1−
ω of all firms optimally adjusting price each period. Define P t ≡ Et log pt (i)
and Mt ≡ vari log pt (i). Then Woodford (2000) shows that
Mt ≈ ω Mt−1

¶
µ
ω
π
b2
+
1−ω t

(A.12)

where 1 − ω is the fraction of firms that reset their price each period. If
M−1 is the initial degree of price dispersion, then
∙

¸X
∞
ω
β Mt =
βtπ
b2t + terms independent of policy.,
(1 − ω)(1 − ωβ) t=0
t=0
(A.13)
Combining this with Equation (A.9), the present discounted value of the
utility of the representative household can be approximated by
∞
X

t

∞
X
t=0

where

t

β Ut ≈ U − Θ

∞
X

β t Lt

Lt = π
b2t + α(Ybt − YbtF − z ∗ )2

¸
∙
1
ω
Θ = Uc Y
θ
2
(1 − ω)(1 − ωβ)

and
∙

(1 − ω)(1 − ωβ)
α=
ω

¸µ
¶
σ+η
κ(σ + η)
=
θ
θ

23

(A.14)

t=0

(A.15)

(A.16)

(A.17)

where κ is the coeﬃcient of real marginal costs in the inflation adjustment equation.
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Figure 1: M1 Velocity for 1900-2003 (US; Annual)
Note: Actual velocity is drawn by plotting nominal gdp-M1 ratio.
For predicted M1 velocity, the estimated money demand function
M/P Y = A(r/(1 + r))−k1 is used. We followed Lucas (2000) for data
construciton. The money supply is M1 (billions of $). For 1900-1914, Series X267
for HSUS (As of June 30 or nearest available). For 1915-1958,
Friedman and Schwarz (1963) Table A-1 Column 7 (June), For 1959-2004,
FED BOG webpage was used. Real GDP is in billions of 2000 dollars.
For 1900-1928 Kendrick (1961) and for 1929-2003, NIPA was used.
For the GDP deflator, we use both the Historical Statistics of the United States
and NIPA. Interest rate is the short-term commercial paper rate. For 1900-1975,
Friedman and Schwartz (1982). For 1976-2003, FRED (Saint Louis FED web
database) is used.
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Parameters Instrument Set 1 Instrument Set 2 Instrument Set 3
β
0.99 (0.015)
0.994 (0.016)
0.95 (0.095)
γ1
0.23 (0.097)
0.235 (0.040)
0.24 (0.046)
γ2
0.02 (0.006)
0.019 (0.007)
0.03 (0.005)
J-statistics
12.6 [0.254]
3.88 [0.422]
20.543 [0.943]
Table 1. GMM estimation result: Specification 1 (US; Quarterly)
Note) Iterative GMM estimates of the Phillips curve
(25) with
hn the moment conditions.
i
o
0=E
π
b − βb
π − γ (Yb − YcF ) − γ (vb − vbF ) · Z .
t

t

t+1

1

t

t

2

t

t

t

Standard errors are reported in brackets and computed with
Newey-West correction. p-values for the J-statistics are reported
in square brackets. Instrument set 1 includes three lags of GDP
deflator inflation, four lags of real GDP gap and real unit labor
cost, one lag of three-month treasury bill rate and the velocity gap.
Both the output gap and the velocity gap are computed using
Hodrick-Prescott filter. Instrument set 2 consists of two lags of
GDP deflator inflation, one lag of real GDP gap, one lag of
3-month treasury bill rate, two lags of real unit labor cost, and one lag of M1
velocity gap. Instrument set 3 adds to the Instrument set 1 four lags of
PPI inflation, four lags of unemployment rate, and four lags of
long-term interest rate measured by 10-year constant maturity
treasury yields. Data covers between 1959:1Q and 2005:1Q. All data
come from St. Louis Fed (FRED). Data frequency is quarterly.
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Parameters
(1)
Specification 1: (2)
(3)
(1)
Specification 2: (2)
(3)
(1)
Specification 3: (2)
(3)

β
0.990
0.994
0.950
1.013
0.994
0.938
0.975
0.994
0.949

ω

(0.015)
(0.016)
(0.095)
(0.047)
(0.057)
(0.012)
(0.016)
(0.016)
(0.010)

{0.742, 1.361}
{0.738, 1.362}
{0.749, 1.404}
0.450 (0.045)
0.709 (0.012)
0.581 (0.012)
1.587 (0.119)
1.362 (0.131)
1.642 (0.051)

³

V0
1+V0

0.1552
0.1443
0.2232
0.03 (0.002)
0.08 (0.031)
0.04 (0.007)
0.028 (0.009)
0.113 (0.094)
0.110 (0.102)

Table 2. GMM estimation result (US; Quarterly)
Note) (1), (2), (3) refer to intrument set 1, 2, and 3 respectively.
Parameters for the Specification 1, except β, were computed
´
³
using the restriction γ 1 = κ(σ + η), γ 2 = κ(k1 − 1)

V0
1+V0

´

, and

κ = (1 − ω)(1 − βω)/ω. In so doing, k1 = 2.4, σ = 1.5, η = 1
were used.Estimates for ω report two values in {} due to the fact
that the restriction is quadratic in ω, i.e. κ = (1 − ω)(1 − βω)/ω.
Specification 2 and 3 also use k1 = 2.4, σ = 1.5, η = 1 to identify
the parameters directly. Standard errors are reported in brackets and
computed with Newey-West correction. Hansen’s J-test were
performed and for all of the cases we could not reject
over-identifying restrictions, and J-statistics are not reported.
σ η
1.5 1

β
κ
θ ρ
α
k0
0.99 0.092 11 0.7 0.02 0.0005

Table 3. Baseline Parameters (US)
σ η
β
κ
θ ρ
α
k0
1.5 1 0.99 0.05 11 0.7 0.01 0.006
Table 4. Baseline Parameters (Korea)
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Figure 2. Impacts of velocity shock under optimal discretionary
policy in a calibrated New Keynesian model (US; quarterly)
Impulse responses of one negative, standard deviation shock
(a reduction in transactions cost). Ygap and Rgap refer to real output gap,
and nominal interest rate gap respectively.
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Figure 3. Impacts of velocity shock under optimal discretionary
policy in a calibrated New Keynesian model (US; Quarterly)
Impulse responses of one negative, standard deviation shock
(a reduction in transactions cost). Ygap and Rgap refer to
real output gap and nominal interest rate gap respectively.
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Figure 4. Money Velocity and Interest Rate (Korea)
MYP refers to money-nominal income ratio and MMRATE, nioney market
rate. We obtain data from the Bank of Korea and International Financial
Statistics (IFS). M1 is used to measure money and money market interest rate
is used for interest rate. Nominal GDP is used for output (PY).
Log of inverse of M1 velocity and log of interest rate
pairs are displayed on inverse M1 velocity and interest rate plane.
Data frequency is quarterly and covers the period of
1970 1Q and 2004 4Q.
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Figure 5. Impacts of velocity shock under optimal discretionary
policy in a calibrated new Keynesian model (Korea; Quarterly)
Impulse responses of one unit shock (a reduction in transactions cost).
Ygap and Rgap refer to real output gap and nominal interest rate gap
respectively.
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