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ABSTRACT

We analyze the role of fiscal policy in the recent slowdown in Japan. A dynamic general
equilibrium model is developed in which fiscal policy can have both expansionary effects
(through increasing returns) and contractionary effects (through the increase of public debt
and tax burden). A version of the model is calibrated to the Japanese economy and is used
to measure the importance of both these effects. We find that under wide range of parame-
ters net expansionary effects are quantitatively small thus suggesting a limited role for fiscal
stabilization.
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The United States, organized by the Center for Japan-U.S. Business and Economic Studies
at NYU.



1. Introduction
“In order to prevent another economic slowdown a supplementary budget will
probably be approved for Japan this fall [..] Many believe to achieve the .5%

growth target such a budget must be implemented”!.

“The possibilities of further macroeconomic support are now severely restricted”?

During the last few years Japan has endured a period of slow growth that has culmi-
nated in the deep and prolonged recession of the last 2 years in which output has experienced
almost a 5% drop (see fig. 1 below ). Although structural problems such as the banking sector
crisis and the failure of the “Japanese growth model” are often indicated as the main causes
of the decline in the growth trend, there is also the perception that macroeconomic support
through fiscal policy might play an important role in getting Japan out of cyclical slumps like
the current recession (see for example Krugman 1999). As summarized by the above quotes
though there is a debate among economists and policy makers on the effectiveness and the
desirability of this support.

This paper develops a dynamic general equilibrium model that can be used to un-
derstand and evaluate the macroeconomic effects of fiscal policy on Japanese business cycles
taking into account a variety of effects. The model is similar to the one proposed by Devereux,
Head and Lapham (1996). This model differs form the standard neoclassical growth model
in one important aspect: the presence of increasing returns form specialization. This feature
implies that fiscal policy can have additional expansionary effects. In particular, as in the

standard growth model, fiscal spending causes an initial raise in output due to an increase

!Financial Times, April 29, 1999, p.12.
20ECD, Economic Outlook, June 1999, p. 43.
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Figure 1:

in labor supply. The initial raise in output causes the entry of new firms and that, due to
the return to specialization, can increase total factor productivity and therefore prolong the
expansion.

On the other hand, like in the standard neoclassical model, contractionary effects of
increase in government spending, through the increase of public debt and expected tax burden
and through the crowding out of private investment are taken into account. The parameters
of the model are set to reproduce certain long run features of the Japanese economy and the
actual fiscal policy followed by Japanese authorities is captured in a simple form by measuring
a relation between fiscal variables and GDP.

It is shown that the model is quite successful in reproducing the main features of the

Japanese business cycle and thus it is used to measure the magnitude of the effects of fiscal



stabilization. Under a wide range of possible parameterizations the model predicts that fiscal
policy has a very limited role in stabilizing the economy. Policy experiments are conducted in
order to establish how much more growth would have been achieved under a more vigorous
fiscal stimulus and it is found that a permanent increase of government spending during the
last two years of recession would have had left output almost unchanged but increase the
public debt to output ratio by more than 10%.

The paper is organized as follows.

Section 2 lays out the model and in section 3 the calibration procedure and the solution
method is discussed. In section 4 the predictions of the model are compared with the actual
Japanese macroeconomic data. In section 5 the results of policy experiments are reported
and section 6 reports the result of sensitivity analysis to different values for the parameters.

Section 7 concludes.

2. The model
A. The Economy

Time is discrete. In each period there is a measure 1 of infinitely lived identical
consumers each endowed with 1 unit of time. Although in the calibration section growth will

be taken into account here we will focus on a stationary environment. Preferences are

Ey» BU(C,1— Ly

t=0

where U(.,.) is a continuously differentiable, concave function, ( is the individual discount
factor, C;, L; are per capita consumption and labor respectively and E; is the expectation
operator with respect to the informations available at time ¢.

There is a single final good that can be used for consumption or investment.



It is produced with a continuum of measure N; differentiated intermediate inputs,

indexed by 7, and its production function is

v vi-(] B ytu)%u)%

where y;(7) is the quantity of the intermediate good of type i used for the production of the
final good, # > 0 is a parameter determining the substitutability of intermediate inputs and
Y, is per capita production of the final good.

FEach intermediate goods is produced using capital and labor and the production func-

tion is given by

yi(i) = Ziki(1)°1(3)' = — ¢

where ¢ is a fixed cost of production, « is a parameter determining the capital share in
production, k(i) and /(i) are capital and labor used in the production of intermediate good i,
Zy is an exogenous, common to the production of all intermediate goods, productivity shock,

that follows a first order autoregressive process of the form

log(Z;) = (1—¢)log(Z)+ Clog(Zi—1) + &

&~ N(0,0%)

where ( is a parameter determining the persistence of the process and Z is the steady state

level of productivity.



B. Firms problem
Final goods producing firms are perfectly competitive and they solve the following

problem

Nt % Nt
maxﬂ( / yt(@')edz) _ / i ()pe (i)
y(i) 0 0

where P, is the price of the final good and p, (i) is the price of intermediate good i. The final
good is taken to be the numeraire and thus its price will be normalized to 1.

Profit maximization yields the following demand for each intermediate good

2)  D(p(i),Ys) = pi(i)71Y;

Substituting the demand in to the cost function and imposing the zero profit condition that
must hold in equilibrium (unit cost equal to unit revenues) we can derive an expression for

the price of the final good in function of the intermediate good prices

Ni 0 %
® 1=([ o)
0
Intermediate good producers are monopolistic competitors. There is free entry in each period.
We will focus on symmetric equilibria in which all firms producing intermediate goods take
identical actions and therefore we will omit the index ¢ when describing the problem of the
firm. Notice that when output of each intermediate producer is given by y; output of the

final good can be written (from 1)
1
Yy =y Ny

so if # < 1 the aggregate production function displays increasing returns in the measure of

firms. These increasing returns , often labeled as returns from specialization, have been used



extensively in trade and endogenous growth theory (see Krugman(1979) and Romer(1987)).
Producers set their price so to maximize their profits. It is convenient to break the problem
in two parts. The first part is the cost minimization given a demand g, and can be written

as

min 'U}tlt + Ttkt
kil

s.t. Ztktaltl_a — ¢ =Y

where w; ,r; are the real wage and the rental rate of capital (in units of the final good).

The solution to this problem yields a cost function

D(we, me,y0) = Ti(we, me) (Yo + 9)

and factor demand for intermediate producers

o= A (z)lw

Tt Zy
I, = B (%)a (yt;t ¢)
where
o

I'i(wg, ) = (A+ B)




The second part of the problem is the choice of the price. Profit maximization implies price

is a constant markup over unit cost.

1
(4) bt = EFl(wn Tt)

Finally the assumption of free entry also implies that current profits (m;) from firms

producing intermediate goods will be 0 in every period that is
T = ptD(th;‘) - Fl(wtﬂ”t) =0
or substituting 2 in

0 0
(5) pi Yy = Ty(wy, 1) (ptglyt + (/5) =0

C. Government
The government purchases an amount G, of final goods each period and purchases

follow a first order autoregressive process plus a fiscal policy reaction term

(6) log(Ge) = (1—1)log(G)+7log(Gi-1) + x(log(Yi-1) —log(Y)) + &

el ~ N(0,02)

where G is the steady state level of public spending, v is a parameter determining the persis-
tence of spending, 9 is a stochastic component that is distributed independently across time
and the parameter xy measures the sensitivity of public spending to deviations of previous
period output from its steady state level or growth path (V). If x < 0 then public spending is

countercyclical. Other expenditures are lump sum subsidies and transfers to household that

we denote with S;. Expenditures are financed with labor, capital and consumption taxes,



by raising lump sump taxes T; or by issuing real bonds denominated in the final good. The

government budget constraint is therefore

(7) TfCt + Tfftht + Tf?“th + Qt,t+1Bt+1 + E = Bt + Gt + St

(8) By given

where B, is the stock of outstanding government bond, ¢, is the time ¢ price of one unit of
consumption in time ¢ + land 7¢, 7%, 7% are the tax rates on consumption, labor and capital

respectively. A government policy is defined to be a list of sequences for 7¢, 7%, 7%, B, G¢, T}, S;.

D. Household problem
There are two assets available to households: capital and one period real government

bonds. The household problem is thus

max By Y _ B'U(Cy, 1 — Ly)

t=0
s.t.
9) (1+79)Cr + Xy + ¢t 411 B
(10) = (1 — Tf)Tth + (1 — Ti)tht —I— (1 — 5)Kt —I— Bt —I— Tt

(11) Kt+1 — (1 - 5)Kt —I— Xt

Ky, By given



where X, is investment, K; is the capital stock. The necessary first order conditions for

optimality are given by:

(11—
(14 75)

thc(Ct7 1-— Lt) = Ul(Ct7 1— Lt)
Uc(0t+17 1- Lt+1) (1+ T?)
12 = ([F,

U2) e =PEGIG T2 (1 7h)

Ue(Cy, 1 — Ly) _3E Ue(Ciy1,1 — Lyyq)
1+ 75 L1+,

(1= 78 ) + (1= 6)]

E. Equilibrium
A symmetric equilibrium for this economy is a collection of sequences for prices (
We, T,y Qtvpt)7 quantities ( Ctv Xtv Ktv Ltv }/;57 ktv lta Y, Zt )’ government pOliCieS (T?a Tf:v Tfa Bt7 Gta ﬂv St)a

and measures of intermediate goods producing firms N; such that

e Given prices and government policies the quantities solve the households’ problem and

the final goods and intermediate goods producing firms problem.
e Government policies satisfy the government budget constraint
T Cy + Titht + TthKt + @1 B + T = By + Gy + Sy
e Factor and goods market clear
/ L(i)di = L,
/ k(i)di = K,
Ci+Xi+G =Y,
e Profits of firms are 0 in every period (free entry)

e Transversality conditions hold



3. Calibration and Model Solution

A. Preference and Technology Parameters

In order to choose the parameters of the model we will follow the procedure outlined by
Cooley and Prescott (1995), by picking the parameters consistent with the long run features
of the Japanese economy or with micro-studies. In order to pick the utility function in table
1 we report average growth rates of consumption per capita and average real interest rates

in Japan in the 1960-1970 decade and in the 1988-1998 decade.

Table 1.Growth and Real Interest in Japan (Annual Rates)

Growth Rate of Per Capita Consumption Real interest Rate

1960-1970 7.35% 2.52%

1988-1998 1.82% 2.40%

The two decades display very different growth rates but very similar real interest rates.
The following period utility

(1— L)'

(13)  U(C,L) =log(C) + jrt——2

implies that the equilibrium real interest rate does not depend upon the growth rate?
but only upon the time discount factor and thus is consistent with the facts reported in table
1. Moreover this functional form, as shown by King, Plosser and Rebelo (1988), yields a
stationary series for hours per worker even in presence of long run growth. The parameter o

determines the intertemporal elasticity of substitution of labor and is set so that the model

generates a volatility of labor input similar to the one observed in the data. The parameter

3The key feature of the log utility function is the unitary intertemporal elasticity of substitution. If this
elasticity is not one then the equilibrium interest rate depends upon the growth rate.

10



1 is chosen so that in a steady state equilibrium L is equal to the average number of hours
worked. Juster and Stafford (1991) show that on average the US workers spend 1/3 of their
discretionary time working. On the other hand Japanese labor statistics reported in Bosh
and al. (1993) show that the average Japanese worker work 10% more hours than the average
US worker: therefore we set u to reproduce L = 1.1 % (1/3) = .37.

In order to calibrate the parameter 3 the first order condition for the bond (equation
12) is used under the assumption that consumption tax is constant over time!. Taking logs
of the first order condition and using the functional form for the utility function specified in

13 we obtain that in steady state

| =
TR

where % is the average real interest rate that is computed using the nominal government bond
yield (from IMF International Financial Statistics) minus the realized rate of inflation (based
on GDP Deflator) for the period 1960.1-1999.1. This procedure yields a value for the average
real rate of 2.5% per year and hence a quarterly 3 = .994.

To determine the value of 6 observe that equation 4 implies that in a steady state
equilibrium % = F% so that 6 is the ratio between marginal cost and price , that is the inverse
of the mark-up. Morrison (1992) provides estimates for mark-ups in the Japan manufacturing
sector for the period 1960-1981 and finds an average mark-up of 26% over marginal cost that
implies # = .8. In a steady state equilibrium NV is normalized to 1 and thus p =1 and y =Y.

Using this and the zero profit condition 5 we find that ¢ = (lfze)Y, that is fixed costs are 25%

of steady state output. Since there is some uncertainty on the measure of markups and this

4As discussed in the next subsection evidence on consumption tax rates show that they move very little
over time.
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parameter is important since it determines the size of the increasing returns we will conduct
some sensitivity analysis.
To select the parameter o that in the model is the share of income going to capital we

notice that cost minimization by the firm and the fact that NV = 1 imply that in steady state

wk
0y

(1—a)=
wkL it is measured as the total of wage and salaries (reported in OECD National Income
Accounts) and Y is GDP; this implies an average value for a= . 58.

In order to calibrate the depreciation rate 6 we use the quarterly series of the total
depreciation of the capital stock (§K;). Using that measure, the data on gross capital for-
mation ( X;) and an initial value for the capital stock K (From OECD Flows and Funds,
1996) a quarterly series for the capital stock can be reconstructed using 11. Once the series is
obtained an estimate of ¢ is given by the average of the ratio between the total depreciation

of the capital stock and the capital stock itself. This procedure yields a value of § = .025 per

quarter.

B. Total Factor Productivity

In order to compute total factor productivity we used the traditional Solow decompo-
sition modified in order to capture the returns from specialization. Using the market clearing
conditions together with the first order conditions from the firms, aggregate output of the

final good can be written as

Y, = Z,K L7

12



and thus for given values of o and 6 we can compute the log of total factor productivity Z;

as

I} 11—«

7 log(K;) — 0

log(Z;) = log(Y}) log(L:)

Using the constructed series for capital stock for Ky, the series of total employment (from
OECD Main Economic Indicators) for L; and the series of Real GDP for Y; we obtain a series
for Z,. Since the series is not stationary we take out a deterministic trend (in order to exclude
deterministic technological progress) from Z; and then estimate the following relation for the

period 1970 — 1998.

log(Z,) = (log(Zi-1) + &°

We find that (=.945 and that the standard deviation of &* is equal to .9%.

C. Government Policies

Fiscal policy here is not modeled as the outcome of an explicit decision but rather
as an exogenously given process measured using data on actual policy. We use the theory
only to impose two simple restrictions on the nature of policies: the government budget
constraint (equation 7) and the transversality condition on government debt (in order to rule
out explosive paths for debt). We will also conduct experiments in which we change the type
of fiscal policy and we compute the effects of those changes on the economy.

We will assume tax rates on capital and labor income and on consumption are constant.
We set the tax rate on labor income 7/ = .2 and the tax rate on consumption 7¢ = .05.Both
these numbers are the average of the series of tax rates measured by Mendoza at al. (1994)

for Japan in the period 1980-1992. We set the tax rate on capital income so that in the

13



deterministic steady state government revenues are equal to government expenditures. This
implies 7% = .25. Transfers and subsidies S; are assumed to be deterministic and growing at
a constant rate and such that on average they are about 11% that is the average share of
transfers® over GDP in Japan in the last 20 years reported by Fiorito (1997). The constant
G that in the model is the steady state value of public spending is set to match an average
ratio of public expenditure to GDP equal to .19, that is the average for Japan in the period
1970-1998. In order to estimate the process for public spending notice that equation 6 can

be rewritten as

Yia

e G
(14) log(-Z) = 7log(=5) +xlog(—) +¢f

el ~ N(O,agg)

The variable log(%) is measured as percentage deviations of total public spending
(consumption plus investment) from its trend and the variable log(3) is measured as the
percentage deviations from trend for GDP. Equation 14 is estimated on Japanese data for
the period 1970 — 1998 using OLS. Estimates for v, x and o.s are reported in the following

table

STranfers include social security payments.

14



Table 2. Parameters governing the Process for Japanese Public Spending

Description Symbol Value S.Error
Persistence Y 77 (.08)
Elasticity to Output X 44 (.12)
Standard Deviation Oco .02 —

The R? for the regression is .57
Notice that both ~, y are highly significant and the elasticity of government spending
to lagged output is quite large in magnitude®, meaning that, in response to an 1% drop in
GDP, public spending on average has gone up by .44%. Finally a process for lump sum

taxation 7} is needed. Rewriting the government budget constraint as

1 1
B, +

(15)  Bir =
qtt+1 qtt+1

[Gt + St — E — T?Ct — Titht — Tf?”th]

it is apparent that in absence of a specific restriction on T; the process for B; will be
non stationary when ¢; ;1 is less than one (positive interest rate) and thus B, will violate the
transversality condition. In order to avoid this problem we specify the following process for

lump sum taxes
T, = (1 — Qi1+ U(Bt)) B,

where the function v(.) has the following properties

6 Jones (1999) in a similar study for the US finds a value for this elasticity of around -.05.

15



where B is the steady state debt level. This specification implies that any level of B is
consistent with the government budget constraint and that the time series for government
debt will be mean reverting to that level. We will set B so to replicate an average debt to
G DP ratio of .5 that is the ratio observed in Japan for the period 1970 — 1999 (from various
issues of the OECD Economic Outlook) Also in light of the recent ample and persistent
expansion of Japanese government debt we set v’ equal to a constant so that the degree of
mean reversion of the time series for debt implied by the model is similar to one observed in

the data.

D. Model Solution

Unfortunately the model presented does not admit analytical solutions and numerical
methods are needed in order to analyze the equilibria of the model. Once the parameters
values are chosen, the equations characterizing the equilibria are linearized around the de-
terministic steady state and a numerical solution is found by solving the resulting system of

linear difference equations.

4. Results

Figure 2 below shows the predictions of the model for the deviations of output from its
trend together with the time series for the data. Notice that the innovations to productivity
and to public spending ( €, and ¢, ) measured from the data are used as inputs of the model.
Although there are episodes in which output predicted by the model is different from the
one realized in the data, in general the model predicts quite well the major recessions and
booms that Japan has gone through in the last 20 years. As an additional check a table

with the main business cycle statistics is reported and one can observe that volatilities and

16
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Figure 2:

correlations of the main macroeconomic aggregates predicted by the model are not very far

from those measured in the data.
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Table 3. Business Cycles Statistics’
Standard Deviations

Absolute Relative to GDP

Y c X L G
Data  1.57 89 234 .32 1.96
Model 1.70 82 3.67 .38 1.97

Correlations with GDP

Data  1.00 7193 .58 .15

Model 1.00 93 94 .60 -.08

Finally figure 3 shows the path for government debt (as a fraction of GDP) in the
model and in the data. It is important to notice that even by holding tax rates and transfers
constant the model is able to reproduce the rapid growth of Japanese public debt in the last

few years.

5. Policy Experiments

The results shown in the previous section show that the model used captures the basic
features of the Japanese business cycles together with the evolution of fiscal variables. It is
therefore reasonable to use the same model to ask the following question: could the Japanese
fiscal authorities speed up the recovery of Japan from the last recession by following a more

vigorous countercyclical fiscal policy. And if so what would be the effect of such a policy on

the public debt ?

"Statistics for the the data are computed on quarterly series the period 1970.1 1999.1. The statistics
for the model are computed on series of the same length as the data. The innnovations for the exogenous
stochastic processes in the model are measured in the data. All series are in logs and HP filtered.

18
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Figure 3:

In particular we will consider an alternative path for fiscal policy from the second
quarter of 1997 to the first quarter of 1999, that is the period in which Japanese output
has steadily declined. The alternative policy includes a 5% increase in government spending
respect to the government spending measured in the data. Figure 4 shows the actual ratio
of public spending to GDP in Japan in the last two years together with the path for the
same ratio under the alternative policy specification. Under the alternative policy the level
of government spending would have reached 30% of GDP by the first quarter of 1999.

Figures 5 and 6 show the effect of such a policy. The continuous lines are the paths for
output growth and debt to output ratio predicted by the model with using the fiscal policy
measured in the data while the dashed lines are the predicted paths under the alternative

policy. Fiscal policy would have not been very effective in stabilizing output achieving only
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Figure 5:

an increase in the growth rate of .25% in the first three quarters, but it would have increased
the debt to output ratio by more than 10%.

In order to understand why this model predicts such a limited impact of fiscal policy
on output it is instructive to plot the model impulse responses to a 1% increase in government
spending. A government spending shock increases the future tax burden of consumers and
hence is a negative wealth shock. As a consequence both consumption and leisure fall thereby
increasing labor input. The increase in labor input tend to increase investment for two
reasons: the first is that capital and labor are complements in production and the second
is the increase in total factor productivity caused by the increasing returns. On the other
hand the negative wealth effect induces agents to save less and thus to restore equilibrium

in the asset market real interest rate has to raise: this effects reduce investment. Which
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one of the effect dominates is a quantitative issue and it depends on the parameter of the
model. From the impulse responses appear that for our parameterization the interest rate
effect is dominant and a decline in investment is observed in response to an increase in public
spending. This strong crowding out effect on investment is one important reason why effects
of fiscal policy on output are small in magnitude.

It is worth noticing that recent work by Blanchard and Perotti (1999) has shown that
small multipliers of government spending and large investment crowding out are consistent

with empirical evidence in the United States.
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6. Sensitivity Analysis

This section analyzes the robustness of the results to changing the degree of increasing
returns. In a model with greater increasing returns to scale government spending might have
a bigger effect on output. The initial increase in labor input would translate in a greater
increase in productivity and this might magnify the effect on output. As an upper bound for
the measure of increasing returns we will consider a value of # =.6 (that implies a mark-up
of 67%). Figure 8 plots the impulse responses to a government spending shock for the same
model considered in the previous section where the parameter 6 is now set equal to .6. In
this case the effect of increase in total factor productivity due to the increase in labor input
is quantitatively stronger and sufficient to induce an increase in investment. But even in
this case the output multiplier of government spending remains quantitatively small. Figure
9 shows the path for output under the alternative fiscal policy considered in the previous
section. Although now, due to the presence of stronger increasing returns, the effect on
output are somehow bigger they are still not big enough to stabilize Japanese output during

the last recession.
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7. Conclusions

This paper uses a dynamic general equilibrium model calibrated to the Japanese econ-
omy to measure the effectiveness of fiscal stabilization in the recent Japanese slowdown. Even
though from a qualitative standpoint fiscal expansions have positive effects on output it is
shown that from a quantitative point of view these effects are small. A consequence of this is
that expansionary fiscal policy significantly increases the governemnt debt output ratio. The
model suggests that the recent decline in output is explained by a sharp and prolonged decline
in productivity and that, in an economy already characterized by a high level of government
debt, public demand policies do not seem to be a very effective tool that Japanese policy

makers can use to stabilize output .
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