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Money Quantity and Optimal Monetary and 
Fiscal Policy: A Quantitative Analysis

Abstract This paper quantitatively analyzes the impact of money stock on optimal
monetary and fiscal policy in a stochastic production economy with sticky prices. The
numerical results indicate that a sufficient large quantity of money makes a noticeable
difference in many aspects of optimal monetary and fiscal policy. They suggest that
the volatile inflation in China may not be as bad as the existing theory would have
implied if its large amount of money is taken into consideration.
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1    Introduction

This paper numerically characterizes the impact of money stock on optimal mone-
tary and fiscal policy (optimal policy) in a dynamic stochastic general equilibrium
(DSGE) model with production. This question is important at least for two reasons.
First, it is of theoretical interest because it is still an open question about how money
stock would change the characterization of optimal policy even in a highly stylized
DSGE model. Second, the question is empirically relevant. For example, the nominal
money stock circulated in China, in the percentage of nominal gross national product
(GDP), is considerably larger than that in the United States, and inflation in China has
been quite volatile in the past ten years. Given the existing literature (as we explain
later), the coexistence of the two facts raises concern about the credibility of Chinese
monetary policy, the key factor in determining its effectiveness. From the viewpoint
of the monetary authority, it is of interest to have some theoretical evaluation of the
aforementioned coexisting facts.
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This paper takes the task by answering that question in a DSGE model with sticky
prices. To isolate the impact, we compare optimal policy in a control model to that in
a benchmark model. The two models are otherwise identical except one difference.
The control model has a money stock of magnitude, in the percentage of nominal
GDP, similar to that in China. The benchmark model has a money stock of magnitude
similar to that in the United States. Our numerical results show that money stock
indeed makes a difference in many aspects of optimal policy.

First, a larger money stock results in more volatile optimal inflation. The model
generated standard deviation of optimal inflation increases from 0.2% per year in the
benchmark model (small money stock) to 0.7% per year in the control model (large
money stock). Even though the absolute values are small in both models, the change
due to the increased money stock is substantial in percentage points. A larger money
stock leads to more volatile optimal inflation because the benefit of using surprise
inflation as a shock absorber is larger. This numerical finding provides some insight on
the observed volatile inflation in China. If considered as an indicator of the credibility
of monetary policy, the observed volatile inflation may not be as bad as the existing
economic theory would imply, given the large quantity of money circulated in China.

Second, the mean of optimal labor income tax rates increases substantially as well.
It is 34.3% in the control model and is 7.8 percentage points higher than that in the
benchmark model. This result is no surprise. The nominal money balance is a part
of nominal public debt. Everything else being equal, the government will have to
collect, on average, more tax income to pay off its debt when the quantity of money
is larger. Thus, a higher average of optimal tax rates is expected. Because of higher
tax rates and more volatile inflation, households will work less and also consume
less, both in the absolute value and in the relative terms. For example, only 74.4%
of contemporary output is consumed in the control model while 79.7% is consumed
in the benchmark model. In terms of welfare, households would be better off if the
money stock decreases to the magnitude similar to that in the United States.

Third, a sufficiently larger quantity of money may reverse the ranking of alternative
policies in order to absorb different shocks. In the control model, when the econ-
omy is driven by government expenditure shocks (g-shocks), optimal inflation will
be relatively smooth. And when the economy is solely driven by productivity shocks
(z-shocks), optimal inflation will be relatively volatile. In other words, the benefit of
using inflation variations as a buffer to z-shocks is larger than as a buffer to g-shocks.
This finding is different from the literature. For example, Chugh (2006) shows that
optimal policy should be more volatile if the economy is driven by g-shocks than by
z-shocks.

The rest is organized as follows. Section 2 presents empirical facts as the motiva-
tion and carries out a brief literature review. Section 3 explains the model and the
methodology. Section 4 discusses the numerical results. And Section 5 concludes.
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2    Two Empirical Facts and the Related Literature

Two empirical facts motivate this paper. The first is the relatively large amount of
money circulated in China. From the last quarter in year 1998 to the first quarter in
year 2010, the average of M1 to the nominal GDP ratios and the average of M2 to the
nominal GDP ratios in China are 2.24 and 6.12, respectively, which are about 19.4 and
10.7 times larger than their counterparts in the United States.1 We plot the quarterly
ratios in both countries from the last quarter in year 1998 to the first quarter in year
2010 in Fig. 1. It immediately follows that the money stock in China is substantially
larger than that in the United States. To some extent, we may consider the Chinese
economy as a cash economy while the United States economy as a credit economy.

Fig. 1 Money Balance to Nominal GDP Ratios from 1998Q4 to 2010Q1
Note: The vertical axis represents the nominal money to nominal GDP ratios in absolute values. The
horizontal line represents the year. The period starts at the last quarter in year 1998 and end at the first
quarter in year 2010.

This is an important fact and its implication on optimal policy has been less studied.
Even though it seems intuitive that optimal monetary policy in a cash economy would
be noticeably different from that in a credit economy, the existing literature on optimal
inflation has actually implied, to some extent, that quantity of money does not matter
with respect to optimal inflation. The literature has argued that inflation targeting is
optimal in both cashless economies (Svensson, 1997; Clarida et al., 1999; Goodfriend
and King, 2001; Woodford, 1999; Woodford, 2002) and monetary economies that

1 Nominal GDP, M1 and M2 are deseasonalized using the X12 procedures. The data are from
International Monetary Fund.
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have been calibrated to mimic the United States economy (Schmitt-Grohé and Uribe,
2004a; Siu, 2004; Chugh, 2006). Hence, it seems reasonably to argue that, even
though the Chinese economy is a cash economy, it will still be optimal to have inflation
targeting, meaning a negligible variation of optimal inflation, if simply following the
literature and assuming that the Chinese economy is a closed one.

Second, inflation in China was volatile in the period from year 1999 to year 2008,
see Fig. 2. We choose this period because year 1998 is the year when the People’s
Bank of China started to use monetary policy instead of the credit-quota control policy
and year 2008 is the year when the global financial crisis happened. This fact raises
concern about the credibility of monetary policy for several reasons. First, the existing
studies, as we have shown, have implied that it is optimal to have inflation targeting,
regardless of the size of money stock. Second, when monetary policy is not credible,
two undesirable consequences will follow up: inflation bias (Kydland and Prescott,
1977; Barro and Gordon, 1983) and self-fulfilling multiple equilibria (Chari et al.,
1998; Albanesi et al., 2003). In either case, inflation will become volatile. Thus, the
observed volatile inflation seems to deviate from the prediction of the existing theory
about credible monetary policy and is likely to be viewed as evidence that monetary
policy is not credible. It becomes important to analyze to what extent the volatile
inflation could be regarded as optimal from a theoretical perspective.

Fig. 2 CPI inflation in China from 1999 to 2008
Note: The vertical axis represents the CPI inflation rate in percentage points. The horizontal line represents
the year.

3    The Model and Methodology

The model is identical to the one studied in Liu (2011) and similar to that in Uribe
(2004a). Here is a brief description of the model. There are two shocks, g-shocks
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and z-shocks both of which are defined in the introduction. The Ramsey government
collects distortionary labor income taxes, prints money, and issues nominal non-state-
contingent bonds to finance an exogenous stream of public spending. Following the
the tradition starting with Stokey (1983) and Chari et al. (1991), the Ramsey govern-
ment in our highly stylized sticky price model chooses the least distortionary policy to
maximize the lifetime utility of households. Thus, the criterion under which policies
are evaluated is the welfare of the representative household. An assumption main-
tained is that the Ramsey government has the ability to fully commit to the implemen-
tation of announced fiscal and monetary policy. For completeness, we copy the model
next. For those who are familiar with the literature, they can skip Sections 3.1–3.4.

3.1 The Representative Household

In this economy, the representative household chooses consumption, ct, working hours,
ht, and financial assets, to maximize his discounted expected lifetime utility function

max
{ct,ht,Mt,Dt+1}

E0

∞∑
t=0

βtu(ct, ht). (1)

where E0 denotes the mathematical expectation operator conditional on information
available in period 0 and β ∈ (0, 1) denotes the subjective discount factor. Mt and
Dt+1 denote one-period state-contingent bond and nominal money balance, respec-
tively. The single period utility function u is assumed to increasing in consumption,
decreasing in effort, strictly concave and twice continuously differentiable. We follow
the literature by assuming that the single period utility function is separable between
consumption and hours.

The consumption good ct is a composite good made of a continuum of interme-
diate differentiated goods. The aggregation mechanism is given by the Dixit-Stiglitz
aggregator. Each household produces one variety of intermediate goods with linear
technology, zth̃t. Here labor is the only input and the productivity zt follows an ex-
ogenous process which will be given in Section 4.1. The household is the monopolistic
supplier of the intermediate good and sets the price of the good it supplies taking the
level of aggregate demand as given, and is constrained to satisfy demand at that price,
that is,

zth̃t �Ytd(pt). (2)

Ytd(pt) denotes the demand for the intermediate input where Yt denotes the level
of aggregate demand and pt denotes the relative price of the intermediate good in
terms of the composite consumption good. Mathematically, pt = P̃t/Pt where P̃t

denotes the nominal price of intermediate good and Pt is the price of the composite
consumption good. The demand function d(·) is decreasing and satisfies d(1) = 1 and
d′′(1) < −1. The restrictions on d(1) and d′′(1) are necessary for the existence of a
symmetric equilibrium. The household hires labor from a perfect competitive market.
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The period budget constraint of the household/firm unit is given by

0=Mt−1 + Dt + Pt

⎡
⎣ P̃t

Pt
Ytd

(
P̃t

Pt

)
− wth̃t − θ

2

(
P̃t

P̃t−1

− 1

)2
⎤
⎦

+ (1 − τt) Ptwtht − Ptct [1 + s(vt)] − Mt − Etrt+1Dt+1. (3)

where wt, vt, and rt+1 denote the real wage rate, the consumption-based money veloc-
ity, and the price of the one-period state-contingent bond [multiplied by the probability
of the corresponding contingent state], respectively. Here the consumption-based ve-
locity is given by

vt =
Ptct

Mt−1
. (4)

Note that here vt is directly related to Mt−1, the nominal money balance that the rep-
resentative household chose in the last period. This is the way to represent Svensson
timing: the good market meets before the financial market in the same period (Svens-
son, 1985). If instead, the consumption-based velocity is directly related to Mt, we
say that it represents Lucas timing: the financial market meets before the good market
in the same period (Lucas and Stokey, 1987). In this paper, we consider Svensson
timing instead of Lucas timing. This is mainly because optimal policy is insensitive
to the precise timing of markets (Chugh, 2009; Liu, 2011).

In this model, consumption purchases are subject to transaction costs. The propor-
tional transaction cost, s(vt), depends on vt. We follow Uribe (2004a) by assuming
that the function s(v) satisfies the following properties such that nominal money ba-
lances are always equal to or greater than the unique satiation level associated with
the Friedman rule and decreasing in the nominal interest rate:

Assumption 3.1 (a) s(v) is non-negative and twice differentiable; (b) there exists
a level of velocity v > 0, to which we refer as the satiation level of money, such that
s(v) = s′(v) = 0; (c) (v − v)s′(v) > 0 for v �= v; and (d) 2s′(v) + vs′′(v) > 0 for
all v � v.

Sticky prices are assumed by following Rotemberg (1982). In particular, firms faces
a resource costs that is quadratic in the inflation rate of the good it produces

Price adjustment costs=
θ

2

(
P̃t

P̃t−1

− 1

)2

,

where the parameter θ measures the degree of price stickiness. The higher is θ the
more sluggish is the adjustment of nominal prices. If θ = 0, then prices are flexi-
ble. Chugh (2006) shows the one-to-one transformation between θ in the Rotemberg
(1982) setting and the parameter government price stickiness in the Calvo (1983) set-
ting.
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In addition, the household is subject to the following non-Ponzi game condition:

lim
j→∞

Etqt+j+1 (Mt+j + Rt+jBt+j)=0, (5)

at all dates and under all contingencies. The variable qt represents the period-zero
price of one unit of currency to be delivered in a particular state of period t multiplied
by the probability of occurrence of that state given information available at time 0.
Mathematically, it is given by

qt = r1r2...rt, q0 ≡ 1.

The household utility maximization problem is to choose {ct, ht, h̃t, P̃t, vt, Mt,
Dt+1}∞t=0 in order to maximize Eq. (1) subject to Eqs. (4)–(5), taking as given the set
of processes {Yt, Pt, wt, rt+1, τt, zt}∞t=0 and the initial condition M−1 and D0.

3.2 The Government

The government faces a stream of public consumption which is exogenous, stochas-
tic, and unproductive. We denote public consumption by gt. The government has to
finance these expenditures by levying labor income taxes at the rate τt, by printing
money, and by issuing one-period, risk-free (non-state-contingent), nominal obliga-
tions, which we denote by Bt. The government’s sequential budget constraint is then
given by

Mt + Bt + τtPtwtht =Mt−1 + Rt−1Bt−1 + Ptgt, for t � 0. (6)

The monetary/fiscal regime consists in the announcement of state-contingent plans for
the nominal interest rate and the tax rate, {Rt, τt}.

3.3 Equilibrium

We consider symmetric equilibria where all households charge the same price for
the good they produce. Thus, pt ≡ 1 for all t and h̃t = ht. Also, because all
firms charge the same price, the marginal revenue of the individual monopolist is
constant and equal to 1 + 1/d′(1). Let η = d′(1) denote the equilibrium value of the
elasticity of demand faced by the individual producers of intermediate goods. Then
in equilibrium, the optimality condition with respect to P̃ gives rise to the following
expectation augmented Phillips curve:

0=λt

[
Ytd (pt) + ptYtd

′ (pt) − θ
πt

pt−1

(
πtpt

pt−1
− 1

)]

−λtmctYtd
′ (pt) + βEtθλt+1πt+1

pt+1

p2
t

(
πt+1pt+1

pt
− 1

)
. (7)
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Since our model is a representative household model, in equilibrium the net borrow-
ing and lending among households is zero. Thus, the outstanding interesting-bearing
financial assets are in the form of government securities,

Dt =Rt−1Bt−1,

at all dates and all contingencies. At the last, the nominal interest rate must be non-
negative in equilibrium,

Rt �1.

Define γ(vt) = 1 + s(vt) + vts
′(vt) and ρ(vt) = v2

t s′(vt). A competitive equi-
librium is a set of plans {ct, ht, Mt, Bt, vt, mct, λt, Pt, qt, rt+1}, satisfying the
following conditions:

uct =λtγ(vt),

−uht

uct
=

(1 − τt) ztmct

γ(vt)
,

1=Etrt+1 [1 + ρ(vt+1)] ,

λt =β
1

rt+1

λt+1

πt+1
,

Rt =
1

Etrt+1
� 1,

λtπt (πt − 1)=βEtλt+1πt+1 (πt+1 − 1) +
λtηztht

θ

(
1 + η

η
− mct

)
,

Mt + Bt + τtPtztmctht =Mt−1 + Rt−1Bt−1 + Ptgt,

0= lim
j→∞

Etqt+j+1 (Mt+j + Rt+jBt+j) ,

qt = r1r2...rt; with q0 = 1,

ztht =[1 + s(vt)]ct + gt +
θ

2
(πt − 1)2 ,

vt =
Ptct

Mt−1
,

given policies {Rt, τt}, exogenous processes {zt, gt}, and the initial condition R−1

B−1 +M−1 > 0. Here πt ≡ Pt/Pt−1 denotes the gross consumer price inflation rate.

3.4 Constraints of the Ramsey Problem

The following proposition presents a simpler form of the competitive equilibrium.

Proposition 3.2 Plans {ct, ht, υt, πt, Rt, bt,mct}∞t=0 satisfying the resource con-
straint, (8),

ztht =[1 + s(vt)]ct + gt +
θ

2
(πt − 1)2 , (8)
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the Euler equation

1=βRtEt
uct+1

uct

γ(vt)
γ(vt+1)

1
πt+1

, (9)

the Euler equation

1=βEt
uct+1

uct

γ(vt)
γ(vt+1)

[1 + ρ(vt+1)] , (10)

the expectation augmented Phillips curve,

πt (πt − 1)=βEt
uct+1

uct

γ(vt)
γ(vt+1)

πt+1 (πt+1 − 1) +
ηztht

θ

(
1 + η

η
− mct

)
, (11)

the sequential period budget of the government,

πt+1ct+1

vt+1
+ bt +

[
ztmct +

uhtγ(vt)
uct

]
ht =

ct

vt
+

Rt−1bt−1

πt
+ gt, (12)

the sequence of intertemporal budget constraints,

(Mt−1 + Rt−1Bt−1) uct

Ptγ(υt)
=Et

∞∑
j=0

βj uct+j

γ(υt+j)

[
πt+j+1ct+j+1

υt+j+1

(
1 − R−1

t+j

)
+ (mct+j − 1) zt+jht+j + [1 + s(υt+j)] ct+j

+
θ

2
(πt+j − 1)2

]
+ Et

∞∑
j=0

βjuht+jht+j , (13)

the definition

vt =
ct

mt
,mt = Mt−1/Pt, (14)

and the boundary conditions on vt

vt � v and v2
t s′(vt) < 1, (15)

for all dates and under all contingencies given R−1B−1+M−1, are the same as those
satisfying the definition of a competitive equilibrium. �

Note that the primal form of the competitive equilibrium is not consisted of a single in-
tertemporal implementability (budget) constraint in period 0 and a resource constraint
holding in every period. The reason is that with sticky prices and non-state-contingent
nominal government debt, the price path is more constrained for it must also sat-
isfy the expectations augmented Phillips curve. However, a price path that satis-
fies the expectations augmented Phillips curve and a time-zero implementability con-
straint may not result in a state-contingent real government debt path that satisfies the
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transversality condition of the competitive equilibrium (Eq. (8)) at all dates and under
all contingencies (Aiyagari et al., 2002; Schmitt-Grohé and Uribe, 2004a).

3.5 Methodology

The goal is to analyze the quantitative impact of money stock on optimal policy. For
this purpose, we compare optimal policy in a control model to that in a benchmark
model. The two models are otherwise identical except one difference. The control
model has a money stock of magnitude, in the percentage of nominal GDP, similar to
that in China. The benchmark model has a money stock of magnitude similar to that
in the United States.

There are many ways to proceed. One way is to calibrate the control model to
mimic the Chinese economy and then to study the impact by doing counterfactual
experiments. It is of no doubt that this approach should ultimately be the best way
if we had sufficient amount of data and if the literature had provided detailed studies
about optimal policy based on the Chinese economy. However, economic data about
the Chinese economy are very limited and quantitative studies about optimal monetary
policy based on the Chinese economy using DSGE models are extremely thin. Since
numerical results crucially depend on the calibration which is largely determined by
the moments of economic data, this approach may deliver misleading results. For this
reason, we do not follow this approach in this paper.

Another way, an indirect approach, is to calibrate the benchmark model to mimic
the United States economy. Then we change the values of those structural parameters
so that only the quantity of money is increased to the level similar to that in China. By
doing so, we obtain the control model. Finally, we compare optimal policy across the
two models and the differences represent the impact of money stock. In this paper, we
take this approach for two reasons. First we have a thorough and clear understanding
of optimal policy in the benchmark economy (i.e., the United States’ economy) with
numerous works. Second, this approach is appropriate in the sense that our goal is
to understand the impact of money stock on optimal policy from a theoretical per-
spective. However, it is worth mentioning that the Chinese economy is fundamentally
different from the United States economy in many important dimensions. Thus, the
approach we use may also miss many important features that are special to the Chinese
economy. As a result, our analysis should be interpreted with caution.

4    Numerical Analysis

4.1 Calibration

Following Schmitt-Grohé Uribe (2004a), we assume that the single period utility and
the transaction cost technology take the following functional forms:
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u(c, h)= log(c) + δ(1 − h),

s(v)=Av + B/v − 2
√

AB.

The money demand function implied by this transaction technology with Svensson
timing is of the form,

v2 =
B

A
+

R − 1
A

.

In the benchmark model, the values of A and B are obtained by running the ordinary
least square (OLS) regression on the money demand function. The data we use are
from 1959:Q1 to year 1999:Q4. The regression results imply that A = 0.0093 and
B = 0.0845. In the control model, we simply multiply v by a multiplier of 20.4 and
redo the OLS regression. The multiplier is the ratio of the average of M1 to nominal
GDP ratios in the Chinese economy, 2.2435, to that in the United States economy,
0.1102. Thus, A = 3.8596 in the control model, which is the only difference in
calibration across models.

Government expenditure, gt, and productivity, zt, follow simple autoregression pro-
cesses which are given by:

ln gt =(1 − λg) ln g + λg ln gt−1 + εg
t ; εg

t ∼ N(0, σ2
g),

ln zt =λz ln zt−1 + εz
t ; εz

t ∼ N(0, σ2
z).

We follow Schmitt-Grohé and Uribe (2004a) by setting (λg, σg) = (0.9, 0.0302) and
(λz, σz) = (0.82, 0.0229).

Table 1 Calibration for the Benchmark Model

Symbol Definition Value Description
β 0.96 Subjective discount factor
h 0.2 Fraction of time allocated to work

1 + μ η/(1 + η) 1.2 Gross value-added markup
θ 4.375 Degree of price stickness
δ 3.1 Preference parameter
λg 0.9 Serial correlation of ln(gt)

σg 0.0302 Standard deviation of innovation to ln(gt)

λz 0.82 Serial correlation of ln(zt)

σz 0.0229 Standard deviation of innovation to ln(zt)

π 1.018 Gross inflation rate
sg g/y 0.2 Governemnt consumption to GDP ratio
sb B/(Py) 0.44 Public debt to GDP ratio
A 0.0093 (3.8596) Parameter of transaction cost fucntion

s(v) = Av + B/v − 2
√

AB

B 0.0845 Parameter of transaction cost fucntion

Note:
1. The time unit is a year.
2. η denotes the equilibrium value of the elasticity of demand of intermediate goods.
3. The values in the parenthesis denote the values associated with the second experiment.
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Based on the empirical study of Basu and Fernald (1997), we set μ at 0.2. We set
β at 0.96, a value from Prescott (1986). We set the non-stochastic steady state of h at
0.2, a value the same as that in Schmitt-Grohé and Uribe (2004a). At the same time,
we keep g = 0.04, which implies that in the the economy, g/y = 20%, a common

value used in the literature. With h = 0.2, μ = 0.2, and −4μθ

h
= 17.5, we have

θ = 4.375. The value of 17.5 comes from Sbordone (2002) and it represents the the
degree of price stickiness.

There is no analytical or exact numerical solution to the Ramsey equilibrium. Thus,
we apply the algorithm proposed in Schmitt-Grohé and Uribe (2004a). The algorithm
is based on the perturbation method in Schmitt-Grohé and Uribe (2004b), which has
been widely used in the literature. The MATLAB programs are available upon re-
quest. Next we present and discuss the numerical results.

4.2 Impact of Money Stock

Table 2 displays some sample moments of key macroeconomic variables under the
Ramsey policy. To obtain these sample moments, we first generate simulated time
series of length T for the variables of interest, repeat this procedure J times and then
compute the average of the moments. Here we set T = 100 and J = 500. For the
criterion of choosing these two values, please see Schmitt-Grohé and Uribe (2004a).
Tables 3 and numerical results behind Figs. 3–5 are produced with the same proce-
dures.

Table 2 Dynamic Properties of the Ramsey Allocation (Approximation Solution)

Variable Mean Std. dev. Auto corr. Corr(x, y) Corr(x, g) Corr(x, z)
(a) Benchmark model with both z-shocks and g-shocks

τ 26.5 1.099 0.685 –0.326 0.459 –0.302
π –0.108 0.202 0.018 –0.065 0.364 –0.277
R 3.86 0.593 0.822 –0.937 –0.057 –0.949
y 0.197 0.007 0.838 1 0.215 0.924
h 0.197 0.003 0.745 –0.099 0.582 –0.451
c 0.157 0.006 0.850 0.927 –0.144 0.943

(b) Control model with both z-shocks and g-shocks
τ 34.3 1.020 0.027 0.085 –0.022 –0.156
π –0.537 0.720 0.269 0.163 0.355 –0.542
R 3.43 0.162 0.760 –0.456 0.330 –0.910
y 0.164 0.004 0.879 1 0.526 0.654
h 0.164 0.005 0.569 0.090 0.546 –0.679
c 0.122 0.004 0.866 0.822 –0.008 0.739

Note: Table 2 presents some sample moments of key macroeconomic variables in a transaction model with
both z-shocks and g-shocks. τ , π, and R are expressed in percentage points and y, h, and c in levels. The
Ramsey allocation problem is solved using the perturbation method. The parameters values are: β = 0.96,
δ = 3.1, h = 0.2, g = 0.04, η = −6, sb = 0.44, θ = 4.375, T = 100, and J = 500.
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4.2.1 Optimal Inflation

The property of optimal inflation has been thoroughly studied in the literature. In a
model with Lucas timing, when the nominal public debt is non-state-contingent, the
Ramsey government would like to use unexpected changes in the price level as a state-
contingent lump tax on nominal wealth. This is the reason why optimal inflation is
quite volatile in the flexible price environment (Chari et al., 1991). When prices are
sticky, price variations introduce cost to firms that face nominal rigidities. Thus, in our
economy, the Ramsey government faces a trade-off: the benefit due to intertemporal
price variations vs. the cost associated with cross-state price variations (Woodford
1998; Christiano and Fitzgerald, 2000; Sims, 2001). The latter force overwhelmingly
dominates the former one if the model is calibrated to mimic the business cycles of the
United States economy (Schmitt-Grohé and Uribe, 2004a; Siu, 2004; Chugh, 2006).
In other words, cross-state price variations dominate so that price stability becomes
optimal in order to minimize the cost. Thus, the volatility of optimal inflation should
be close to zero because unexpected inflation variations are costly for firms that are
subject to price adjustment costs.

In a model with Svensson timing, the standard deviation of optimal inflation is
similar to that in a corresponding model but with Lucas timing (Liu, 2011). With
Svensson timing, households face an additional constraint in their utility maximiza-
tion problem: the nominal money balances that are relevant for today’s economic
activities are predetermined. The additional constraint qualitatively affects optimal
inflation. Nevertheless, Liu (2011) shows that the overall impact of Svensson timing
on optimal inflation is quantitatively negligible in a model calibrated to the United
States economy. As a result, it is still optimal to have inflation targeting.

A larger quantity of money causes optimal inflation to be more volatile. To see
this, note that the model generated standard deviation of optimal inflation increases
from 0.2% per year in the benchmark model to 0.7% per year in the control model,
see Table 2. The reason behind the finding is straightforward: the benefit of using
surprise inflation as a shock absorber with a larger money stock is larger. Even though
the absolute values are still small in both cases, the change due the increased money
stock in the percentage points, 250%, is substantial. Thus, even though the literature
has implied inflation targeting as optimal monetary policy, our results indicate that if
the quantity of money increases substantially, inflation targeting could become less
optimal, i.e., the standard deviation of optimal inflation becoming larger. In light
of this, the observed volatile inflation in China may not be as bad as the existing
economic theory would have implied about the credibility of monetary policy.

The mean of optimal inflation becomes more negative, decreasing from –0.108%
to –0.537%. First, the negative mean itself is a standard result in the literature ex-
cept few works such as Khan et al. (2003) and Schmitt-Grohé and Uribe (2007): The
optimal inflation rate normally ranges from that implied by the Friedman rule and to
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that implied by the price stability, a range in which it is optimal to have deflation on
average.2 Second, the decrease of the mean due to the increase of money stock is an
expected but new result. From the viewpoint of the Ramsey planner, the government,
the service provided by the nominal money balance from last period represents pure
rents accruing to households and should be taxed via inflation taxation (Liu, 2011).
To collect the same amount of inflation tax, we expect a lower mean of nominal inter-
est rates in the control model than in the benchmark model, holding everything else
constant. This is because the base for the inflation tax is larger in the control model.

4.2.2 Optimal Fiscal Policy

The characterization of optimal tax rates with Lucas timing is also well-known. In a
flexible price environment, when the real public debt is not state-contingent, tax rates
exhibit near random walk behavior, see Aiyagari et al. (2002) and Barro (1979); while
when the real public debt is state-contingent or the nominal public debt is not-state-
contingent, the serial correlation of tax rates will be close to the serial correlation of
the underlying exogenous g-shocks, see Campbell (1990), Calvo and Guidotti (1993)
and Chari et al. (1991).

In a sticky price environment with Lucas timing, both optimal tax rates and real
public debt have the near random walk property (Schmitt-Grohé and Uribe, 2004a;
Siu, 2004). The result is obtained under the condition that the Ramsey government
issues nominal non-state contingent debt. In addition, Chugh (2006) shows that real
public debt has the near random walk property in a model with wage rigidity and
without wage indexation. The reason behind the near random walk property is mainly
because the Ramsey government refrains from using inflation variations. As a result,
nominal risk-free public debt behaves as if it is real risk-free debt. In this case, ac-
cording to Aiyagari et al. (2002), government liabilities become a near-random-walk
regardless of the serial correlation of the shocks hitting the economy.

With Svensson timing, the benchmark model generates similar, but weaker, nearly
random walk property of both optimal real public debt and optimal tax rates (Liu,
2011). It is weaker than that with Lucas timing. This is because the property shows
up in about 20 years after the shock in the benchmark model, see the dashed line in
Fig. 3, while optimal fiscal policy with Lucas timing shows the nearly random walk
property in 4 years after the shock, see Fig. 1 in Schmitt-Grohé and Uribe (2004a). The
underlying mechanism is the same: price adjustments are costly so that the Ramsey
government finances the government expenditure shock by both partially increasing
public debt and partially increasing tax rates in the long run. Nevertheless, the gov-

2 Ascari and Ropele (2007) show that a positive trend inflation will have non-negligible im-
pact on optimal monetary and fiscal policy but leaving the modeling of positive trend inflation
unexplored. Here we take the same position as that in Ascari and Ropele (2007).
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ernment has to gradually adjust real public debt and tax rates in the short run, see the
dashed lines in Fig. 3.
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Fig. 3 Impulse Response to a Positive g-Shock
Note: The vertical axis represents the impulse responses to an i.i.d. government expenditure shock. The
responses of real public debt are measured in percent deviation from the steady state. The responses of tax
rates, inflation, and nominal interest rates are measured in percentage points. The horizontal axis represents
the time horizon.

Given that price adjustments are less costly with a larger quantity of money, the
Ramsey government depends less on the adjustments on public debt and tax rates.
This is exactly what is shown by the solid lines in Fig. 3. To see this, note that real
public debt after the shock is only about 5% higher than that before the shock in
the control model while it is about 22% higher in the benchmark model. Similar
pattern also shows up in optimal tax rates. Nevertheless, both models generate the
near random walk property of optimal tax rates and optimal real public debt. As in the
literature, the Ramsey government has to deflate part of public debt in the short run,
see the initial drop of real public debt in Fig. 3.

The serial correlation of optimal tax rates drops from 0.683 in the benchmark model
to 0.027 in the control model. In both models, the serial correlations are much lower
than the serial correlation of the underlying g-shocks, which is 0.9. Thus, a larger
money stock does not revive the finding in Campbell (1990), Calvo and Guidotti
(1993) and Chari et al. (1991). In summary, both models replicates similar nearly
random walk property of optimal tax rates, but not the serial correlation. In addition,
there is indeed a noticeable difference caused by the larger money stock. The mean of
optimal tax rates is 26.5% in the benchmark model and is 34.3% in the control model.
To some extent, this result is no surprise because a larger quantity of nominal money
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means more outstanding nominal public debt, which implies a higher tax burden.

4.2.3 Real Allocations

Because of the heavier taxation in the labor market, we obtain both lower output and
lower consumption in the control model. These in turn indicates that the representa-
tive household enjoys a lower welfare in the control model.

4.3 Disentangling the Effects of Shocks

Money stock does make some differences with respect to optimal monetary and fiscal
policy when the models are driven by both g-shocks and z-shocks. In this section,
we disentangle the contribution due to each type of shocks and presents some sample
moments of optimal policy in Table 3. Panels (a) and (b) present the results in the
benchmark model and panels (c) and (d) present the results in the control model.

Table 3 Dynamic Properties of the Ramsey Allocation (Approximation Solution)

Variable Mean Std. dev. Auto corr. Corr(x, y) Corr(x, g) Corr(x, z)
(a) Benchmark model with g-shocks only

τ 26.6 0.845 0.681 0.144 0.615 0.559
π –0.111 0.146 0.040 0.549 0.500 –0.065
R 3.88 0.113 0.200 –0.517 –0.364 0.249

(b) Benchmark model with z-shocks only
τ 26.4 0.681 0.678 –0.577 –0.508 –0.480
π –0.111 0.134 –0.041 –0.292 –0.021 –0.411
R 3.86 0.582 0.860 –0.982 –0.321 –0.981

(c) Control model with g-shocks only
τ 34.3 0.374 0.147 –0.071 –0.022 –0.398
π –0.523 0.297 0.467 0.864 0.837 0.110
R 3.45 0.056 0.846 0.875 0.948 –0.251

(d) Control model with z-shocks only
τ 34.3 0.936 –0.010 0.137 –0.375 –0.172
π –0.546 0.649 0.213 –0.053 0.194 –0.591
R 3.43 0.152 0.751 –0.821 –0.058 –0.972

Note: Table 3 presents some sample moments of key macroeconomic variables in a transaction model with
g-shocks. τ , π, and R are expressed in percentage points and y, h, and c in levels. The Ramsey allocation
problem is solved using the perturbation method. The parameters values are: β = 0.96, δ = 3.1, h = 0.2,
g = 0.04, η = −6, sb = 0.44, θ = 4.375, T = 100, and J = 500.

Overall, there is a reversal in the ranking of policy recipes. In the benchmark model,
the Ramsey government relies more on the volatile optimal policy to absorb g-shocks
than in the case of responding to z-shocks. To see this, note that both optimal τ and
optimal π are more volatile when the economy is driven by g-shocks than they are
when the economy is driven by z-shocks, see indicated by the results in panels (a) and
(b). This is a finding in line with the literature. For example, Chugh (2006) suggests
that it is important to have more volatile optimal policy when the economy is driven
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by g-shocks than when the economy is driven by z-shocks (the third panels across
Tables 3–5 in Chugh (2006)).

However, in the control model, the Ramsey government relies more on the volatile
optimal policy to absorb z-shocks than in the case of responding to g-shocks, see pa-
nels (c) and (d). This is opposite to the existing finding and is new to the literature.
Our results also important to the policy maker because they indicate that if there is a
sufficient large increase in money stock, the ranking of policy recipes may be reversed.

4.4 The Effect of Price Stickiness

As it has been argued in the literature, optimal policy is closely related to the degree of
price stickiness. Thus, it is of interest to check whether the results are sensitive to the
change of degree of price stickiness. For this purpose, we do additional counterfactual
experiments to study how optimal policy will change with the degree of price sticki-

ness. To proceed, we relax the assumption that −4
θ

(1 + η) × h
= 17.5. Instead, we

fix the value of η at −6 (which implies the markup is 20%) and h=0.2. We change the

Fig. 4 Sample Moments and Degree of Price Stickiness
Note: The vertical axis represents sample moments of τ and π. The mean and the standard deviation are
measured in percentage points. The horizontal line represents the degree of price stickiness, θ. For each
value of θ, the corresponding Ramsey allocation problem is solved using the perturbation method. The
parameters values are: β = 0.96, δ = 3.1, h = 0.2, g = 0.04, η = −6, sb = 0.44, T = 100, and
J = 500. In the benchmark calibration, θ = 4.375.
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value of θ. For each value of θ, we repeat the processes as we have applied to obtain
Table 2.

In particular, we check how the quantity of money affect three relationships. The
first is the relationship between the standard deviation of optimal policy and the degree
of price stickiness. The second is the impact of large g-shocks on the volatility of
optimal policy and the degree of price stickiness. The last is the relationship between
serial autocorrelation of optimal real public debt and optimal tax rates and the degree
of price stickiness. We plot some numerical results against θ in Fig. 4 and Fig. 5.

Fig. 5 Sample Moments and Degree of Price Stickiness

Note: The vertical axis represents serial autocorrelations of τ and real public debt. The horizontal line
represents the degree of price stickiness, θ. For each value of θ, the corresponding Ramsey allocation
problem is solved using the perturbation method. The parameters values are: β = 0.96, δ = 3.1, h = 0.2,
g = 0.04, η = −6, sb = 0.44, T = 100, and J = 500. In the benchmark calibration, θ = 4.375.

4.4.1 Standard Deviations of Optimal Policy

Panels (a) and (b) in Fig. 4 plots the standard deviations of optimal inflation and op-
timal tax rates against θ across models when g-shocks are normal, i.e., σg = 0.0302.
The solid line represents the results from the control model while the dashed line rep-
resents the results from the benchmark model. The differences represent the impact
of the quantity of money on the first relationship. First of all, in both models, when
the degree of price stickiness increases, optimal inflation becomes less volatile and
optimal tax rates become more volatile. Thus, the quantity of money does not change
this qualitative result.
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The noticeable difference made by the quantity of money is about the standard de-
viation of optimal τ . When θ is low, optimal τ is more volatile in the benchmark
model. However, when θ is high, optimal τ is more volatile in the control model. In
other words, the difference between the standard deviation of optimal tax rates in the
benchmark model and that in the control model becomes larger as θ becomes larger.

4.4.2 Impact of Large g-Shocks

Siu (2004) discusses the effect of large g-shocks on the volatility of optimal inflation.
His main finding is that when g-shocks become more volatile, the value of inflation
variations as a shock absorber increases. To check whether the quantity of money
affects such a finding, we follow his approach by increasing the volatility of g-shocks
by 200%. Thus, “large shock” means the volatility of large g-shocks is about 3 times
as large as the volatility of the benchmark g-shocks. Panel (c) in Fig. 4 shows how
large g-shocks affect the volatility of optimal inflation while panel (d) shows the case
with optimal tax rates.

First, for any given degree of price stickiness, larger g-shocks always make inflation
variations more valuable as a shock absorber in both models. To see this, just compare
the dashed (or solid) line in panel (a) to that in panel (c).

Second, as the degree of price stickiness increases, the value of inflation variations
decreases, i.e., the standard deviation goes down, in both models. This is not a sur-
prising result and it is in line with Siu (2004). The reason is straightforward: when
prices are more sticky, the cost of price variations will become more costly and opti-
mal inflation will become less volatile. The larger quantity of money does not change
this qualitative result either.

Third, what is new here is about the standard deviation of optimal τ . In the bench-
mark model, large g-shocks do cause a substantial increase in the standard deviation
of optimal τ , a finding that can be seen by comparing the dashed line in panel (b)
to that in panel (d). However, in the control model, large g-shocks seem to have a
smaller impact on the standard deviation of optimal τ . In other words, the quantity of
money does make a noticeable quantitative difference with respect to the relationship
between the impact of large g-shocks and the degree of price stickiness.

4.4.3 Serial Autocorrelation

In this section, we explore how the random walk property changes with the degree of
price stickiness and check whether the change is sensitive to the quantity of money.
Fig. 5 plots the serial autocorrelations of τ and real public debt against the degree of
price stickiness, θ. The upper panels (a) and (b) show the results about optimal real
public debt and optimal τ , respectively. There are several noticeable results.

In the first experiment, the quantity of money does make a difference with respect
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to the serial autocorrelation of optimal real public debt over all the values of θ. To see
this, we check the results in panel (a). On the one hand, the serial autocorrelation of
real public debt is close to 1 over the range of θ in the benchmark model. In other
words, price stickiness does not play a substantial role with respect to the behavior of
optimal real public debt in the benchmark economy. However, it is always below 0.93
over the same range of θ in the control model and it varies a lot with θ. In other words,
a sufficiently larger quantity of money makes the serial autocorrelation more sensitive
to θ.

Still in the first experiment, the quantity of money also matters with respect to
the serial autocorrelation of optimal τ . To see this, note that the vertical difference
between the dashed line and the solid line for any θ is not small. This can be seen from
panel (b) in Fig. 5. Nevertheless, the quantity of money does not change the qualitative
dependence of serial autocorrelation on θ: in both models, the serial autocorrelation
is generally decreasing with θ.

5    Concluding Remarks

We characterize how the quantity of money affects optimal policy in a highly stylized
sticky price model. Our numerical results indicate that optimal policy varies a lot if
the quantity of money is sufficiently large. For example, the standard deviation could
increase from 0.2% to 0.7% when money stock increases a lot. This result implies that
the volatile inflation in China may not be as bad as it looks once we consider that the
Chinese economy is a cash economy. The decomposition results further recommend
a reverse of ranking of policy recipes when the quantity of money changes a lot. With
a large money stock, it is optimal to have relatively more volatile optimal policy in
absorbing z-shocks. On the contrary, it is optimal to have relatively volatile optimal
optimal policy in responding to g-shocks when money stock is low. Furthermore, a
sufficiently large quantity of money dramatically changes the persistence property of
optimal real public debt and optimal tax rates. In other words, the characterization of
optimal fiscal policy could be quite different across countries.

There is certainly a lot of room to improve. First, the Chinese economy is expe-
riencing huge structural changes. It is always fascinating and difficult to explore the
empirical regularities and the theoretical implications of those changes. In this paper,
we take a partial equilibrium perspective in the sense that we assume money stock
in China is exogenously determined by economic and political factors and structural
changes. Thus, we analyze impacts of structural changes on optimal policy in an in-
direct way. It is of course of interest to study optimal policy in a direct way. This is
what we plan to do in our future research.

Second, the data are not about the Chinese economy. This clearly puts a restriction
on the usefulness of the theoretical results. How to incorporate the limited Chinese
economy data into general equilibrium analysis is clearly an important but less ex-
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plored issue. There are two contributing factors to the larger money stock in China:
the foreign exchange rate policy and the expansionary fiscal policy. One important
question is to analyze optimal policy by incorporating these factors into the model.
We are working on that question on another on-going project.

Third, in addition to the aforementioned limitations, one big concern about the
model is the convenient but not unrealistic assumption: the Chinese economy is as-
sumed to be a closed economy. If we consider an open economy model, the char-
acterization of optimal monetary policy depends on the pass-through of exchange
rates to (import) prices is complete (and therefore the law of one price holds con-
tinually). When the pass-through is complete, Clarida et al. (2001) show that a
“canonical” Ramsey problem in the open economy is isomorphic to that in a closed
economy. In other words, domestic-price-inflation targeting is optimal. With imper-
fect pass-through, Monacelli (2005) shows that it is optimal to stabilize nominal and
real exchange rates. In other words, CPI-inflation targeting becomes more optimal
and domestic-price-inflation targeting becomes less optimal.

It seems that the foreign exchange rate is under management in China. This implies
that the Chinese government puts the stabilization of nominal exchange rates as its top
priority. Thus, according to the existing literature, optimal domestic-price-inflation in
China should be more volatile than in the case when the foreign exchange rate is flex-
ible. This is similar to the volatile optimal domestic price inflation result we have
obtained using a closed economy and by assuming that money stock is exogenous,
even though our model does not consider the dynamics of foreign exchange rates,
nominal and real. It is definitely an extension to analyze optimal policy in an open
economy setup by considering the dynamics of nominal and real foreign exchange
rates. We defer that to our future research.
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