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ABSTRACT 
 

We construct quarterly series of the revenues, expenditures, and debt outstanding for the general 
government sector of Japan from 1980 to 2009, and analyze the sustainability of the fiscal policy.  
We pursue three complementary approaches to examine the sustainability.  First, we calculate 
the minimum tax rate to stabilize the debt to GDP ratio for a given path of future government 
expenditures.  Using 2010 as the base year we find that the government revenue to GDP rate 
must be raised permanently to 38% to 46% (from the current 33%) to stabilize the debt to GDP 
ratio by 2100.  Second, we estimate how the primary surplus responds to the debt outstanding.  
We allow the relationship to fluctuate between two “regimes” using a Markov switching model.  
In both regimes, the primary surplus to GDP ratio tends to fall when the debt to GDP ratio is 
already high and increases, which suggests the process is unstable.  Finally, we estimate a fiscal 
policy function and a monetary policy function with Markov switching that Davig and Leeper 
(2007) estimate for the U.S.  In both regimes, we find that the fiscal policy is “active” in the 
sense that the tax revenues do not tend to rise when the debt increases, and the monetary policy 
is “passive” in the sense that the interest rate does not react to the inflation rate sufficiently.  
Thus, the past macroeconomic policies suggest that the most likely consequence of the 
accumulation of the government debt in Japan is inflation, however unlikely it may seem given 
the deflationary environment of the last 15 years. 
 
* Prepared for the 23rd NBER-TCER-CEPR Conference on “Fiscal Policy and Crisis” held at 
University of Tokyo, December 16-17, 2010.  Doi is affiliated with Department of Economics at 
Keio University, and TCER.  Hoshi is affiliated with School of International Relations and 
Pacific Studies at University of California, San Diego, NBER, and TCER.  Okimoto is affiliated 
with Hitotsubashi University. 
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1. Introduction 
 
Mounting government debt is a serious issue in many countries in Europe, the U.S., and Japan.  
The concern on sustainability of increasing government debt already put Greece and Ireland into 
serious crises.  Many other countries have come up with fiscal consolidation plans one by one.  
We also see some movements toward more conservative fiscal policy in the U.S. as well. 
 
 Japan also suffers from a serious problem of the government debt.  Indeed Japan’s 
problem seems more serious when we look at the (gross) debt to GDP ratio.  The OECD figure 
for 2009 shows that Japan’s debt to GDP ratio was 193%, which is much higher than the U.S. 
(83%), the U.K. (72%), France (86%), Germany (76%), and even Greece (119%).   
 
 Japan’s debt is a result of continued deficits of many more years than the U.S. or Europe.  
The start of the increasing government debt goes back to the fiscal stimulus packages in the early 
1990s, when the Japanese economy suffered from the collapse of asset prices.  There have been a 
couple of attempts of fiscal consolidation, but neither of them lasted long enough to achieve the 
initial goals, and the debt has continued to increase. 
 
 This paper examines the sustainability of Japan’s fiscal policy.  There are two 
contributions that the paper makes to the discussion of fiscal sustainability for Japan.  First, the 
paper presents reliable quarterly data for the budget deficit and the government debt of Japan 
from 1980 to 2009.  The data are comprehensive in that the coverage includes both central and 
local governments and almost all the government accounts including the social security fund.   
 
 Second, the paper takes three different approaches to examine the sustainability.  Since 
each approach focuses on a slightly different aspect of the fiscal sustainability question, these are 
complementary to each other.  The first approach is that of Broda and Weinstein (2005) and Doi 
(2009).  Here the question is how much the government needs to raise the tax revenue to stabilize 
the debt to income ratio in the long run given the future government expenditures and transfers.  
The second approach is that of Bohn (1998), and considers the dynamic feedback from the level 
of government debt to future government surpluses.  The third approach considers the responses 
of tax revenues to the level of debt as well as the fluctuations in the government expenditures, 
following Davig and Leeper (2007). 
 
 The paper is organized as follows.  In the next section, we trace the evolution of the 
government debt over the last 20 years.  Section 3 explains how we construct the quarterly data 
series of budget deficit and government debt that we use for the empirical analysis.  In Section 4, 
we update the analyses of Broda and Weinstein (2005) and Doi (2009), and calculate the 
minimum tax rate that Japan needs to stabilize the debt to GDP ratio.  Section 5 estimates a 
feedback rule from the level of government debt to the primary surplus à la Bohn (1998) to see if 
we observe stabilizing response of fiscal surpluses as the government debt increases in Japan.  
We consider the possibility that such a feedback rule has changed over time.  Section 6 estimates 
the fiscal policy function that models the tax revenues as a function of the government debt, 
output gap, and the government expenditure.  The model allows two regimes with different 
responses of the government revenues.  We also estimate a monetary policy function that is also 
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state contingent.  We discuss the interactions between the fiscal policy regimes and the monetary 
policy regimes in Japan.  Section 7 concludes. 
 
 
2. Accumulation of Government Debt in Japan: 1991-2010 

 
In the fiscal year 1990, the Japanese government believed that it had succeeded in 

containing the budget deficit problem that plagued them since the late 1970s, but it did not last 
long.  To fight the recession following the collapse of asset price boom, the government turned to 
a series of fiscal stimulus during the first half of 1990s.  Figure 1 shows the deficit to GDP ratio 
and the debt to GDP ratio for the 1990s and the 2000s.  The numbers are for the government 
sector as a whole, which includes the central as well as local governments and the social security 
funds.  The numbers for 2010 and 2011 are for the initial budgets. 

 
The figure shows that the government continued to run budget deficit throughout the last 

two decades.  There have been some episodes when the budget deficit declined in proportion to 
GDP when the economy recovered and/or the government tried to reduce the deficits (1996, 
2000, 2005-2007).  The deficit to GDP ratio, however, increased from 2.5% in 1993 to about 8% 
by the end of the 1990s and most of the 2000s.  Reflecting this increasing trend in the deficits, 
the debt to GDP ratio steadily increased from 74% to 200% by the end of 2000s. 

 
Figure 2 shows the budget surplus of eight OECD countries (G7 plus Greece) as % of 

GDP.  Note a negative number means budget deficit.  From 1997 to 2005, Japan’s budget deficit 
to GDP ratio was the largest among G7 countries and even higher than that of Greece most of the 
time. 

 
The gross debt to GDP ratios for the eight countries are shown in Figure 3.  From 1999 

on, Japan has the highest debt to GDP ratio among these countries.  The ratio exceeded 200% 
after 2010.  In terms of net debt, which subtracts the financial assets that the government sector 
owns from the gross debt, Japan looks better.  The Japanese government sector owns substantial 
financial assets (most notably in the social security funds), some of which are invested in the 
Japanese government bonds.  For example, as of March 2009, the social security funds (reserves 
for government-run pension systems) had the net financial assets of about 200 trillion yen (about 
40% of GDP). Figure 4 shows the net debt to GDP ratios for the eight countries.  Even with this 
measure, however, the Japan’s debt to GDP ratio has been the highest since 2008.  The net debt 
to GDP ratio stood around 120% for Japan in 2010.  

 
The Japanese government debt has been rising very rapidly.  It is obvious that the debt to 

GDP ratio cannot continue growing forever.  At one point, the debt to GDP must be stabilized 
(unless the Japanese government declares defaults).  What are the conditions to stabilize the debt 
to GDP ratio at a certain level in the future?  At what level is the ratio expected to be stabilized?  
How long will it take?  These are the questions that we ask in the rest of this paper. 
 

 
3. Data 
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 The fiscal data used in this paper come from the national income accounting published by 
the Cabinet Office of the Japanese government.  The government sector includes central and 
local governments as well as the social security funds.  The expenditure and revenue series of the 
general government are available at quarterly frequency, but these flow data by subsector and the 
amount of debt is available only annually.  So we construct the quarterly data of these series 
from the first quarter of 1980 to the first quarter of 2009 for the analyses in Sections 5 and 6 as 
follows. 
 
 First, we divide expenditure and revenue of the general government into those of central 
and local governments and those of the social security funds.  There are some expenditure or 
revenue items that are reported only by the social security funds and others by central and local 
governments only.  For those items, we just take the quarterly series for the general government 
and apply those to the appropriate sector.  For the other items, we first estimate the quarterly 
series for social security account by prorating the annual series.  The expenditures and revenues 
related to financial transactions other than the interest payment, such as dividends received, rents 
paid and purchases of land, are estimated by dividing the annual amounts by four.  The other 
items including the interest payment, the final consumption, the fixed capital formation, the 
current transfers are calculated by allocating the annual amount of each item to the social 
security funds and the central and local governments according to the relative proportion of 
annual flows for the year. We also adjust for temporary fluctuations in the expenditures and the 
revenues that we know happened only in the central and local governments account.1  After we 
estimate the quarterly series for the social security account, we obtain the quarterly data for the 
central and local governments sector by subtracting the numbers for the social security account 
from those of the general government.  
 
 Next we estimate the amount of debt in each sector at quarterly frequency.  We get the 
amount of debt outstanding at the end of every calendar year (end of the fourth quarter) and 
fiscal year (end of the first quarter) from the official statistics since 1980.  Because the quarterly 
series for the debt in each subsector of the public sector is available for the period after the fourth 
quarter in 1997 in the flow of funds data published by the Bank of Japan, we use that to 
interpolate the series.  More specifically, we estimate the amounts of the debt for the second and 
third quarters so that the time series pattern of growth matches that of the flow of funds series.  
For the period before the fourth quarter of 1997, we estimate the second and third quarters 
numbers by linearly interpolating the series. 
 

                                                           
1 These include transfers of liabilities from the Japanese National Railways Settlement Corporation and the Special 
Account for National Forest Service to the general account of the central government in 1998, returns of the public 
part of pension reserves from employee pension funds to the Welfare Insurances Special Account of the central 
government (so-called daikō henjō) for years from 2003 onward, transfers of assets and liabilities from the former 
Japan Highway Public Corporation and other three highway-related public corporations to the Japan Expressway 
Holding and Debt Repayment Agency, which took place in the privatization of these public corporations in 2005, 
transfers of funds from the Special Account for Fiscal Loan Program Funds to the Special Account for Government 
Bonds Consolidation Fund, which are based on the special law on issues of government bonds in 2006, transfers of 
funds from the Special Account for Fiscal Investment and Loan Program to the Special Account for Government 
Bonds Consolidation Fund and the General Account, which are based on the act on Special Accounts, and the 
special law on the issues of transfers of funds from the Special Account for Fiscal Investment and Loan Program in 
2008. 
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 We construct the budget surplus (called net lending / net borrowing in the official 
statistics) and primary surplus at quarterly frequency from the revenues and expenditures series. 
The budget surplus (or deficit) number is generally not equal to of the increase in the net 
government asset (or debt), because the latter includes the capital gains (and losses) and other 
changes in the value of government assets and liabilities.   
 
 As the measure of debt for our analysis, we used the “adjusted net debt” proposed by Doi 
(2008), which is defined as the gross debt of the government sector minus the financial assets 
owned by the government sector that are readily disposable.  This differs from the standard 
definition of the net debt in that some financial assets at the central government such as the fiscal 
adjustment funds of the local governments are not subtracted from the gross debt.  These 
financial assets are held as a buffer for unexpected losses and not expected to be drawn down to 
redeem the debt. 
 

 
4. Minimum Tax Rate for Sustainable Fiscal Policy 
 

This section calculates the minimum amount of taxes (in proportion to GDP) that makes 
the fiscal policy sustainable at a certain future date, given the future paths for government 
expenditures, following the method used by Broda and Weinstein (2005) and Doi (2009). 

 
This approach defines the sustainable fiscal policy to be the one that stabilize the debt to 

GDP ratio at the level in the base year, as proposed in Blanchard et al (1990). We start from a 
basic inter-temporal budget constraint for the government: 

 
 1t t t t t 1B B G T iB− −− = − +  (1) 

 
where Bt stands for the amount of government debt outstanding at the end of period t, Gt and Tt 
are the government expenditure (including transfers) and the tax revenues respectively during the 
period t, and i is the interest rate that is assumed to be constant.  Dividing the both side of the 
equation by GDP for the period t, Yt, and rearranging it, we get: 
 

 1

1

1  or 
1

t t t t

t t t

B G T Bi
Y Y Yη

−

−

− +
= +

+
 (2) 

 1
1
1t t t t

ib g bτ
η −

+
= − +

+
 (3) 

 
where bt, gt, and τt denote the government debt, the government expenditure, and the tax 
revenues respectively divided by GDP, and η is the growth rate of GDP, which is also assumed 
to be constant. 
 

Rearranging the terms, we can express the debt to GDP ratio as a function of the future 
debt to GDP ratio and the future primary surplus: 

 

6 
 



 1
1 1 (
1 1t t tb b

i i
)tgη η τ−

+ +
= + −

+ +
 (4) 

 
Solving the equation forward, we get: 
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The current debt to GDP ratio must be equal to the present discount value of the future debt to 
GDP ratio and the series of future primary surpluses. 
 

The sustainability requires that the debt to GDP ratio at some distant future n comes back 
to the level at the period zero.  We can calculate the constant tax rate τ* that makes b0=bn to be: 
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Broda and Weinstein (2005) calculated this number for Japan under alternative scenarios.  

Looking at the formula, we see that the tax rate necessary to make the fiscal policy sustainable is 
high when (1) the initial debt to GDP ratio is high, (2) the levels of future government spending 
are high, (3) the interest rate is high, and (4) the growth rate is low. 

 
Taking the fiscal year 2003 as the base year, Broda and Weinstein (2005) find that the 

Japan needs to raise the tax revenues to around 35% of GDP if the government expenditure is to 
grow at the rate of GDP, and to around 40% of GDP if the government expenditure is to grow at 
the rate of GDP per workers, in order to stabilize the net debt to GDP ratio.  These numbers 
should be compared to the tax rate of around 27%, which was the actual number for Japan in 
2003 (including the social security contributions).  The numbers required sustainability are high 
but not extremely high, compared with the tax rate in other advanced economies.  For example, 
the 35% number is comparable to the U.S. tax rate (including the social security contributions).  
The higher 40% number, which is required to sustain more generous government expenditures in 
the future, is just comparable to many countries in EU. 

 
Thus, the calculation led Broda and Weinstein (2005) to conclude that the fiscal situation 

in Japan is not as dire as some observers claimed.  It is important to note, however, that the 
Japanese government debt increased further since the time they did this calculation.  Doi (2009) 
performed a similar calculation using fiscal 2008 as the base year.  He finds that the tax rate that 
makes the fiscal policy sustainable tends to be higher than those estimated by Broda and 
Weinstein.  For example, if the government expenditure grows at the rate of GDP, the necessary 
tax rate is about 40%.  Thus, Doi finds that the sustaining fiscal policy became substantially 
difficult in the five years. Japan needs to increase the tax rate to the levels comparable to many 
countries in EU just to sustain less generous growth in government expenditures. 
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In Doi (2009), a new population projection in December 2006 presented by the National 
Institute of Population and Social Security Research is used (Broda and Weinstein (2005) use the 
2002 projection).  In the 2006 projection, the fertility rate forecast for 2050 was lowered to about 
1.2 from the 2002 projection value of 1.39.  The revision reflects a growing tendency among 
Japanese women to get married and give birth later in life and increasing divorce rate.  The 
average age for Japanese women to give birth to the first child was 29.1 years old in 2005, up 
from 27.5 years old in 1995, according to the Ministry of Health, Welfare and Labor (hereafter 
MHWL) statistics.  Japan's falling fertility rate has made it one of the world's most aging 
countries, with 20.7 percent of the population aged 65 or older in 2006.  According to the latest 
census data, the country's population peaked in 2004 at 127.790 million.  The population fell by 
22,000 in 2005. 

 
After the publication of Broda and Weinstein (2005), newer and more credible sets of 

estimates of some future government expenditures became available.  Thus, Doi (2009) used 
those, rather than assuming the expenditures grows at the rate of GDP (or GDP per worker) for 
those expenditures and transfers. 

 
For the public expenditures on medical and long term care, the 2008 estimates published 

by the National Congress on Social Security known as the “simulation” were used.  Because the 
study disclosed the detailed inputs for the simulation (epoch-making for a study done by a 
Japanese government organization), one could tweak the numbers as one sees fit.  The cost on 
medical and long term care reported in the “simulation” includes the co-pay of the people who 
receive the service.  To conform to the national income account framework, the future estimates 
of co-pay burdens are subtracted from the projected costs to obtain the future stream of medical 
and long term care expenses of the public sector.   

 
The “simulation” considers several alternative scenarios for the future reforms of the 

national healthcare and long term care system.  Scenario A assumes that the current system will 
continue without any reforms.  Scenario B assumes some reforms to address rapidly increasing 
demand for healthcare and long-term care, and includes some sub-scenarios with different levels 
of generosity of the reform.  In this paper, we focus on Scenario B1 with the least generous 
benefits stream and Scenario B3, the most generous. 

 
For the pension related expenditures, the 2009 pension prediction released by the MHLW 

in February 2009 is used.  The prediction provides the forecasts for the future social security 
expenditures every five years.  The basic inputs for the simulation are carefully documented and 
published, so one can modify those to fit the purposes of the analysis. 

 
The other government expenditure items are assumed to grow at the rate of inflation.  To 

be consistent with the assumptions in the “simulation” and the “pension prediction,” the nominal 
growth rate is assumed to be 2.0 percent per year, the nominal interest rate 4.1 percent, and the 
inflation rate 1.0 percent.   

 
In this section, we extend the analysis of Doi (2009) using 2010 as the base year.  The 

adjusted net government debt to GDP ratio in June 2010 amounts to 167.5 percent.2  In Doi 
                                                           
2 The number is calculated from OECD Economic Outlook. 
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(2009), the adjusted net government debt to GDP ratio at the end of 2010 is estimated to be 144.0 
percent.  Thus, the deficit situation has already worsened substantially over the past year. 

 
Following Doi (2009), we consider three different cases, which differ in the scenario for 

the healthcare and long-term care reform.  Case 1 assumes no reforms (Scenario A).  Cases 2 and 
3 assume the least generous reform (Scenario B1) and the most generous reform (Scenario B3) 
respectively.  Figure 5 shows the forecasts for the future government expenditures for each case.  

 
The ratio of the government expenditures to GDP never exceeds 40 percent in every case. 

This shows that the government projections for social security benefits and healthcare and long-
term care expenses imply that those expenditures will be somehow contained even without 
additional reforms for healthcare and long-term care.   

 
Table 1 shows the tax rate (τ*) that is necessary to reduce the debt to GDP ratio in 2010 

back to the level of 2010.  The calculation is based on equation (6).  The numbers are higher than 
those in Broda and Weinstein (2005) or Doi (2009) for similar assumptions on the growth rate 
and the interest rate.  If we assume the interest rate is higher than the growth rate by 2% and no 
further reform on the national healthcare and long-term care systems (Case 1), the tax revenue to 
GDP ratio must be raised to 42.8% immediately to achieve the sustainability.  The ratio of the 
government revenues to GDP is forecasted to be 33.2% for 2010 (OECD Economic Outlook).  
Thus, our calculation suggests that the government increase the revenues by more than 9 percent 
of GDP through tax increases and increases in social security contributions by taxpayers.    
 
 Figure 6 shows the path of the primary balance for each case.  The figure shows that the 
primary balance of two to four percent of GDP has to be maintained for years.  The primary 
balance reaches close to 10% of GDP toward the end.  Even in the booming 1980s, Japan did not 
experience primary surplus continuing for a decade.  It is unimaginable that voters would accept 
such sustained fiscal austerity without resistance.  

 
Even with the extremely high tax rates, the debt to GDP ratio is forecasted to rise 

substantially before it starts to come down.  Figure 7 shows the implied path for the adjusted net 
debt to GDP ratio for each case.  In all the cases that we consider, the debt to GDP ratio goes 
higher than 200 percent before it comes down.  Noting that the total financial assets of the 
household sector is currently about 300 percent of GDP, the government is likely to face 
substantial trouble refinancing the debt somewhere along this path. 

 
Thus, the optimistic picture painted by Broda and Weinstein (2005) completely 

disappears when we update the analysis using the current data.  Debt financing that was 
expanded after the global financial crisis of 2008-2009 seems to have made the Japanese 
government debt unsustainable. 
 
 
5. Does the Japanese Government Increase the Primary Surplus as the Government Debt 

grows? 
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 Bohn (1998) proposed another test of sustainability of fiscal policy focusing on the 
reaction of the primary surplus to increases in the government debt.  This section applies this test 
to our Japanese quarterly data from 1980Q1 to 2009Q1. 
 
 To illustrate the approach, let xt denote the ratio of primary surplus to GDP and suppose it 
is a linear function of the debt to GDP ratio in the (end of the) previous period: 
 

 1 1t t t t tx b x z uα β ρ γ− −= + + + +  (7) 
 
where z is a vector of stationary variables that influences the primary surplus and u is a white 
noise disturbance.  In contrast to Bohn (1998), we allow the smoothed adjustment of primary 
surplus by including the AR(1) term. 
 
 In the following analysis, we use two variables for z, following Barro (1986).  The first is 
GVAR, which is defined to be the temporary deviation from the trend level of government 
expenditure divided by GDP, namely , where  is the trend level of 
government expenditure calculated using the method proposed by Hodrick and Prescott (1997).  
The budget balance can worsen to finance a temporary surge in the government expenditure 
(such as a war) without jeopardizing the long-run sustainability.  Thus, we expect to find the 
primary surplus respond negatively to this variable.  The other stationary variable is YVAR, 
which attempts to capture the fluctuations of the primary surplus coming from the automatic 
stabilizer function of the government budget.  We define , where Ut is 
the unemployment rate, Um is the median unemployment rate for the sample.  The primary 
surplus is likely to fall during economic downturns, so we expect a negative coefficient on this 
variable as well. 

tttt YGGGVAR /)( *−≡

YVAR

*
tG

( )mU *( /t t tU G Y≡ − )t

tx

 
 Note that the relation between the primary surplus and debt for a constant interest rate 
and a constant growth rate: 
 

 1(1 )t tb i bη −= + − −  (8) 
 
Substituting (7) into (8) obtains: 
 

 1 1(1 )t t tb i b x zt tuη β ρ α γ− −= + − − − − − −  (9) 
 
Noting that 1 2(1 )t t 1tx i b bη− −= + − − −

t tu

: 
 

 1 2(1 ) (1 )t t tb i b i b zη β ρ ρ η α γ− −= + − − + − + − − − − . (10) 
 
Thus,  is expressed in the ADF regression form as: tb
 

 1 1{( )(1 ) )} (1 )t t tb i b i b zt tuη ρ β ρ η α γ− −Δ = − − − + + − Δ − − −  (11) 
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Thus, bt is stationary if ( )(1i )β η ρ> − − .  Thus, if the primary surplus responds substantially 
positively to an increase in the debt to GDP ratio (assuming that the interest rate is higher than 
the growth rate), the debt to GDP ratio tends to be stabilized in the long run. 
 
 If we allow the response of the primary surplus to the debt to GDP ratio to depend on the 
level of debt to GDP ratio, so that 1( t )f bβ −= , one can show that the debt process is sustainable 
if there exists b* such that ( )f b ( )(1 )i η ρ> − −  for all b > b*. 
 
 Table 2 reports the estimation result of the equation (7) by maximum likelihood 
estimation (MLE) assuming the error term is normally distributed with mean 0 and variance .  
We use the average of the debt to GDP ratio for the previous four quarters as bt-1.  All other 
variables are seasonally adjusted using X12-ARIMA, if the seasonally adjusted series are not 
available. The sample period used for this estimation is 1981Q1 to 2009Q1. 

2σ

 
 The table reports the results for two alternative specifications.  Model 1 is a simple linear 
specification.  Model 2 includes the quadratic term 2

1( tb b− − ) , where b  is the sample mean of b.  
This is a simple way to introduce the dependence of the size of response (β) on the debt to GDP 
ratio.  In both specifications, the coefficients estimates on GVAR and YVAR are both 
statistically significant and have the expected signs.  In Model 1, the point estimate of the 
coefficient on the debt to GDP ratio is positive and implies the process is sustainable if the 
difference between the interest rate and the growth rate is less than 0.9% quarterly (or 3.6% 
annually).  The coefficient, however, is very small, and we cannot reject the hypothesis that the 
coefficient is zero at a reasonable level of significance. 
 
 Inclusion of the quadratic term in Model 2 improves the fit of the model. This can be seen 
from the value of Markov switching criterion (MSC) proposed by Smith, Naik, and Tsai (2006), 
which can be used to compare regression models with and without Markov switching. As can be 
seen from the table, the MSC of Model 2 is much lower than that of Model 1, implying that 
Model 2 is a better model than Model 1 to explain the relationship between the primary surplus 
and debt. In addition, the coefficient estimates on the debt to GDP ratio and its quadratic term are 
both significantly different from zero.  The point estimates implies that the primary surplus 
responds negatively to an increase in the debt to GDP ratio if the debt to GDP ratio exceeds 
0.281.  Since the debt to GDP ratio is higher than 0.281 except for a few observations at the 
beginning of the sample period, the result suggests that the debt dynamics for Japan is not 
sustainable. 
 
 The result that the debt dynamics is not sustainable is consistent with what Doi and Ihori 
(2009) found using annual data from 1956 to 2000.  The result is not surprising if we look at the 
Figure 8, which plots the primary balance to GDP ratio against the debt to GDP ratio over the 
sample period.  Overall we see the negative relation between primary balance and debt.  But we 
also observe that the primary balance increased as the debt to GDP ratio increased during some 
sub-sample periods.  This suggests the possibility that the debt dynamics was sustainable at least 
in some years. 
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 To address this consideration, we estimate the dynamics with possible regime changes.  
Instead of  (7), we consider the specification: 
 

 tttttttttt uSzSxSbSSx )()()()()( 11 σγρβα ++++= −− . (12) 
 
Here St denotes the policy regime that follows a two-state Markov chain with transition 
probability matrix 

⎟⎟
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⎝

⎛
−

−
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2211
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whose  element indicates the probability that the policy regime moves to Regime i  from 
Regime . 

),( ji
j

 
 Table 3 reports the estimation result by the MLE assuming normality.  We again consider 
two alternative specifications: with or without the quadratic term.  The estimation result of 
Model 1 suggests the existence of two regimes with very different response of the primary 
balance to increasing government debt.  In Regime 1, the coefficient on the debt to GDP ratio is 
negative, suggesting an increase in the debt to GDP ratio leads to a reduction in the primary 
balance.  The reduced primary balance (or the increase in the primary deficit) would increase the 
growth rate of debt.  The situation is clearly unsustainable.  In this regime, the coefficient 
estimate on YVAR is not significantly different from zero, suggesting little counter-cyclical 
fluctuations of primary deficit.3  The probability that the economy stays in this regime in the next 
period is estimated to be about 0.92.  So the average duration of this regime is a little bit more 
than 3 years.4 
 
 In Regime 2, the coefficient estimate on the debt to GDP ratio is positive, suggesting that 
the dynamics can be sustainable.  In order for the debt dynamics to be sustainable in this regime, 
the difference between the interest rate and the GDP growth rate must be smaller than 3.1% 
annually.  In this regime, the coefficients on GVAR and YVAR are estimated to be negative and 
statistically significant.  The probability that the economy stays in the regime is 0.95, or the 
regime continues for about four and half years on average. 
 
 The likelihood for the model with Markov switching is larger than that for the model 
without regime changes.  Indeed, the MSC clearly selects the model with regime changes over 
the model without regime changes. 
 
 Figure 9 shows the smoothed probability of state being Regime 1 for Model 1.  We can 
see two occasions when the debt dynamics were clearly unsustainable (Regime 1).  One is the 
period from the mid 1980s to the early 1990s.  The period is often considered to have been a 
period of fiscal consolidation, but the model suggests that the debt dynamics during this period 
was rather unstable.  The reduction of debt to GDP ratio during this period may have been 

                                                           
3 Or the counter-cyclical response is all captured by the negative response of primary surplus to the increasing debt 
to GDP ratio.  When GDP declines (recession), the debt to GDP ratio rises and the primary surplus falls in this 
regime. 
4 The average duration of Regime i  is given by )1/(1 iip− . See Kim and Nelson (1999, p. 72). 
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primarily due to the economic boom that increased the tax revenues.  The other Regime 1 period 
was in the early 2000s.  At the end of the sample (the first quarter of 2009), the economy seems 
to be moving back to Regime 1 again. 
 
 Model 2 includes the quadratic term in the specification.  Again Regime 1 is an 
unsustainable regime: the budget balance falls as the debt to GDP ratio increases for all the 
possible values of the debt to GDP ratio.  The probability that the economy stays in this regime 
the next period is estimated to be 0.97. Note also that Model 2 with Markov switching has the 
smallest MSC. 
 
 In Regime 2, the coefficient on the debt to GDP ratio is positive, so the dynamics can be 
sustainable.  The coefficient estimates suggest that the response of primary balance to the debt to 
GDP ratio is positive if the debt to GDP ratio is less than 45%.  From 1996 on, the debt to GDP 
ratio has never been below 45%.  Thus, for the last decade or so, the dynamics were not 
sustainable even in Regime 2. 
 
 Figure 10 shows the smoothed probability of being in Regime 1.  Since the dynamics is 
unsustainable even in Regime 2 after 1996, the figure suggests that the debt dynamics for the 
Japanese government has been unsustainable for most of the last 25 years.  Figure 11 plots the 
expected marginal response of the primary surplus to the debt to GDP ratio for each quarter 
calculated as: 
 

  (13) )ˆ2ˆ)(ˆ1()ˆ2ˆ(ˆ
122121111111 −− +−++ tttt bb ββξββξ

 
where 1̂iβ  is the coefficient estimate on the debt to GDP ratio in Regime i, 2

ˆ
iβ  is the coefficient 

estimate on the quadratic term, and   is the smoothed probability of being in Regime 1 at time 
t.  The figure shows that the government debt dynamics in Japan has been almost always 
unsustainable. 

t1̂ξ

 
 
6. Fiscal Sustainability and Monetary Policy 
 
 This section examines the fiscal sustainability by estimating an alternative Markov 
switching model used by Davig and Leeper (2007).  They specify the fiscal policy function in 
terms of the tax revenue to GDP ratio as a function of the debt to GDP ratio, output gap, and 
government purchases: 
 

 1( ) ( ) ( ) ( ) ( )t t t t y t t g t t tS S b S gap S g S tuτ α β γ γ σ−= + + + +  (14) 

 
where gapt stands for the output gap.  We calculate the output gap as the deviation of GDP from 
its HP trend. 
 
 Table 4 shows the estimation results of the fiscal policy function (14) by the MLE 
assuming normality.  Two regimes are identified.  In Regime 1, the coefficient estimate on the 
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debt to GDP ratio is negative, suggesting the tax revenue falls when the debt to GDP ratio 
increases.  The smoothed probability of Regime 1 is shown in Figure 12.  Since a counter-
cyclical fiscal policy would generate such negative correlation between the tax revenue and the 
debt to GDP ratio, Davig and Leeper (2007) call this “active” fiscal policy regime.  For the U.S. 
data, Davig and Leeper (2007) find the fiscal policy alternates between the “active” phase and 
the “passive” phase that is characterized by a positive coefficient on the debt to GDP ratio.  For 
Japan, we find the coefficient on the debt to GDP ratio in Regime 2 to be zero.  
 
 Thus, regardless of the state, the tax revenue fails to increase when the debt to GDP ratio 
rises.  In both regimes, the tax revenue increases when the government expenditure increases but 
by much less than one-to-one.  The dynamics for Japan does not show the tax adjustment to 
make the fiscal policy sustainable.  
 
 An active fiscal policy is not necessarily unsustainable.  As Davig and Leeper (2010) and 
others show show, an active fiscal policy can be sustainable if the monetary authority acts 
“passively” and allows the price level to adjust eventually to make the value of the government 
bonds outstanding equal to the present discount value of future expected primary surpluses.  
Because the Japanese fiscal policy has looked active almost always in the last 30 years, it is 
important to check how the monetary policy has been conducted. 
 
 To check this, we estimate the following monetary policy function, which is potentially 
state dependent.   
 

 , (15) ( ) ( ) ( ) ( ) ( )M M M M M
t M t M t t y t t e t t tr S S S gap S ex S vα β π δ δ σ= + + + + t

 
where rt is the nominal interest rate, πt is the inflation rate, gapt is the GDP gap and ext is the 
deviation of the real exchange rate from its trend. The trend GDP and the trend real exchange 
rate as the HP trend of each series.  M

tS  is the monetary policy regime that evolves according to 
a Markov chain. 
 
 Table 5 reports the estimation results.  Column 1 reports the estimated coefficients from 
the model without regime switches.  The estimated coefficient on the inflation rate is much 
greater than one, suggesting an active monetary policy to maintain a targeted inflation rate.  
When the actual inflation rate goes up above the target rate, the central bank raises the interest 
rate by more than one to one, raising the real interest rate.  Such monetary policy eventually 
brings the inflation rate back to the target level.  Thus, the model that ignores the possibility of 
regime changes for the monetary policy suggest that the monetary policy in Japan has been 
“active” in the sense that the central bank reacted strongly to deviations of the inflation rate from 
its target level.  The combination of active fiscal policy and active monetary policy is unstable.  
This combination cannot continue forever.  Eventually, either the fiscal authority or the monetary 
authority is forced to be inactive and accommodate the other.   
 
 The coefficients on the variables other than the inflation rate are not precisely estimated 
in the model without regimes changes.  The point estimates have the expected signs.  When the 
output falls below the trend (gap variable is negative), the monetary policy becomes more 
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expansionary (lower interest rate). When the real exchange rate appreciate above the trend (ex 
variable is positive), the monetary policy becomes expansionary. 
 
 The result for active monetary policy disappears when we estimate a model with regime 
switches.  The last two columns of Table 5 report the result for the Markov switching model.  
The MSC suggests that the model with regime switches is much more preferred to the one 
without.  The coefficient on the inflation rate is less than one in both regimes, suggesting the 
monetary policy is inactive.  Regime 1 is relatively more active but the coefficient estimate is 
still less than one.  The response to the output gap in Regime 1 is large but not precisely 
estimated.  The response to the exchange rate is significantly different from zero. 
 
 Regime 2 shows the smaller response of the interest rate to all the variables, but each 
coefficient estimate is statistically significantly different from zero.  Regime 2 also shows low 
volatility of the interest rate. 
 
 Figure 13 shows the smoothed probability of Regime 1.  Regime 1 lasted for the first 15 
years of the sample.  From the third quarter of 1995 (note this is when the Bank of Japan lowered 
the target rate to 0.5%) to the fourth quarter of 1995, the monetary policy quickly moved to 
Regime 2, which has been continuing for the next 15 years. 
 
 Given this result from the model with regime switches, we suspect that the result for 
active monetary policy in the model without regime switches came mostly from the comparison 
between the period before 1995 (high inflation rate and high interest rate) and the period after 
1995 (low inflation rate and low interest rate).  Within each regime, the interest rate never 
responded to the inflation rate by more than one on one. 
 
 The analysis of this section finds fluctuations of regimes of fiscal policy and monetary 
policy.  Unlike the results for the U.S. found by Davig and Leeper (2007), we do not find the 
policies fluctuate between active and inactive regimes.  For the fiscal policy, both regimes are 
active.  For the monetary policy, both regimes are inactive.  Thus, we can conclude that the 
active fiscal policy has been eventually supported by inactive monetary policy in Japan for the 
last 30 years.  If this pattern persists, the most likely scenario for the future reconciliation of the 
mounting government debt is the reduction of the value of government debt through inflation 
under accommodative monetary policy, however unlikely it seems in the current deflationary 
environment. 
  
 
7. Conclusions 
 
 The paper examined the fiscal sustainability of Japan using three approaches.  All of 
those results point to the same conclusion.  Japan’s fiscal situation is unsustainable.  As the 
analysis in Section 4 shows, Japan needs to implement a tax rate hike with an extraordinary 
magnitude to make the fiscal policy sustainable.  The analyses in Sections 5 and 6 reveal that 
such adjustment of the tax and the budget surplus does not become more likely when the debt to 
GDP ratio increases.  Japan’s fiscal policies seem to have fluctuated between different regimes, 
but the policies were not quite sustainable in either regime.  
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Table 1. Simulation Results of Government Revenue-GDP Ratio Required for Fiscal 
Sustainability 

 

 
Case 1 Case 2 Case 3 

Broda and 
Weinstein 

(2005) 
Doi (2009)

Rate Gap (interest rate) 

0% (2%) 38.6% 37.4% 37.6% 32.3% 37.2% 

1% (3%) 40.5% 39.5% 39.7% 33.7% 38.8% 

2% (4%) 42.8% 42.1% 42.3% 34.9% 40.8% 

3% (5%) 44.0% 43.4% 43.7% 36.0% 41.7% 

4% (6%) 45.6% 45.2% 45.5% 36.9% 43.1% 
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Table 2. Estimation Results of the Debt Dynamics (7) 

Explanatory 
variable Model 1 Model 2 

constant -0.0005 
(0.0008) 

-0.005 
(0.0012) 

1tb −  0.0022 
(0.0013) 

0.0166 
(0.0033) 

2
1( )tb b− −   

-0.0295 
(0.0062) 

GVARt 
-0.3732 
(0.0947) 

-0.2414 
(0.0999) 

YVARt 
-0.0185 
(0.0044) 

-0.0444 
(0.0069) 

ρ 0.7675 
(0.059) 

0.6863 
(0.0617) 

σ  0.0026 
(0.0002) 

0.0023 
(0.0002) 

Log-likelihood 513.1847 525.2116 
MSC -900.6 -922.4 

 

Notes: Estimated by the MLE assuming the error term are normly distributed with mean 0 and 
variance .  The dependent variable is the primary balance divided by GDP.  Numbers in the 
parentheses are standard errors.  GVAR is the deviation of the government expenditure from its 
trend divided by GDP. , where Ut is the unemployment rate, Um is the 
median unemployment rate for the sample, and G*t is the trend level of government expenditure. 
ρ is the coefficient on the lagged dependent variable.  MSC reports the value of Markov 
switching criteria proposed by Smith, Naik, and Tsai (2006). 

2σ

*( )( /m
t t tYVAR U U G Y≡ − )t
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Table 3. Models with Markov Switching 

Model 1 Model 2 
Regime 1 Regime 2 Regime 1 Regime 2 

Transition 
probability 

0.9235 
(0.048) 

0.9463 
(0.0317) 

0.9659 
(0.0339) 

0.9482 
(0.0317) 

Constant 0.0117 
(0.002) 

-0.0031 
(0.0004) 

0.0054 
(0.0018) 

-0.0046 
(0.0012) 

1tb −  -0.0201 
(0.0047) 

0.0044 
(0.0007) 

-0.0046 
(0.0043) 

0.0104 
(0.0039) 

2
1( )tb b− −    

-0.0261 
(0.0061) 

-0.0116 
(0.0073) 

GVARt 
-0.2935 
(0.1482) 

-0.2154 
(0.0609) 

-0.2962 
(0.1223) 

-0.1522 
(0.0614) 

YVARt 
0.0178 

(0.0215) 
-0.0286 
(0.0026) 

-0.0030 
(0.0086) 

-0.0457 
(0.0087) 

ρ 0.839 
(0.2222) 

0.4387 
(0.0432) 

0.8413 
(0.0636) 

0.3572 
(0.0530) 

σ  0.0021 
(0.0003) 

0.0012 
(0.0001) 

0.0019 
(0.0002) 

0.0010 
(0.0001) 

Log-likelihood 553.7 563.0327 
MSC -937.6 -943.8 

Without 
switching -900.6 -922.4 

 

Notes: Estimated by the MLE assuming normlity.  The dependent variable is the primary balance 
divided by GDP.  Numbers in the parentheses are standard errors.  bt-1 is the average of the debt 
to GDP ratios for the last four quarters, and b  is its average over the sample period.  GVAR is 
the deviation of the government expenditure from its trend divided by GDP. 

, where Ut is the unemployment rate, Um is the median unemployment 
rate for the sample, and G*t is the trend level of government expenditure. ρ is the coefficient on 
the lagged dependent variable.  MSC reports the value of Markov switching criteria proposed by 
Smith, Naik, and Tsai (2006). 

*( )( /m
t t tYVAR U U G Y≡ − )t
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Table 4. Estimation Results of the Fiscal Policy Function (14) 

Regime 1 Regime 2 

Transition probability 0.9418 
(0.0379) 

0.9732 
(0.0229) 

Constant 0.0948 
(0.0073) 

0.0731 
(0.0042) 

Lagged (debt / GDP) -0.0101 
(0.0028) 

-0.0001 
(0.0008) 

GDP gap 0.0001 
(0.0003) 

0.0003 
(0.0002) 

Government expenditure / 
GDP 

0.2612 
(0.0755) 

0.3837 
(0.0362) 

σ  0.0024 
(0.0003) 

0.0016 
(0.0001) 

Log-likelihood 539.5 
MSC -933.0 

Without switching -899.7 
 

Notes: Estimated by the MLE assuming normlity.  The dependent variable is the tax revenue 
divided by GDP.  Numbers in the parentheses are standard errors.  The lagged debt to GDP ratio 
is the average of the debt to GDP ratios for the previous four quarters.  GDP gap is measured as 
the deviation from the Hodrick-Prescott trend.  MSC reports the value of Markov switching 
criteria proposed by Smith, Naik, and Tsai (2006). 
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Table 5. Estimation Results for Monetary Policy Function (15) 
 

 

Model 
without 

switching 
Model with switching 

 Regime 1 Regime 2 

Transition probability  0.991 
(0.011)  

0.991 
(0.012)  

constant 2.472 
(0.122) 

4.140 
(0.234)  

0.364 
(0.035)  

πt 
1.726 

(0.081) 
0.875 

(0.139)  
0.181 

(0.030)  

gapt 
0.009 

(0.097) 
0.192 

(0.134)  
0.066 

(0.013)  

ext 
-0.020 
(0.018) 

-0.090 
(0.020)  

-0.008 
(0.003)  

σ  
1.247 

(0.084) 
0.975 

(0.084)  
0.114 

(0.011)  
Log-likelihood -185.32 -48.00 
MSC 494.2032 253.5728 

 
Notes: Estimated by the MLE assuming the error term are normly distributed with mean 0 and 
variance .  The dependent variable is the average overnight call rate.  Numbers in the 
parentheses are standard errors.  gap is the GDP gap, which is measured as the deviation from 
the Hodrick-Prescott trend.  ex is the deviation of the real effective exchange rate from its 
Hodrick-Prescott trend.  MSC reports the value of Markov switching criteria proposed by Smith, 
Naik, and Tsai (2006). 
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Figure 1. Budget Deficit and Government Debt: Fiscal 1993 to 2011 
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Figure 2. Budget Surplus for Selected OCED Countries (% of GDP) 
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Figure 3. Gross Government Debt of Selected OECD Countries (% of GDP) 
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Figure 4. Net Debt for Selected OECD Countries (% of GDP) 
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Figure 5. Estimation of Government Expenditure 
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Case 3
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Figure 6. Changes in primary balance between revenues when tax rate (τ*) is realized and 
estimated expenditures under our assumptions 
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Figure 7. Changes in adjusted net government debt to GDP of the general government 
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Figure 8. Primary Balance and Adjusted Net Government Debt as a Percentage of GDP: 
1980-2009 
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Figure 9. Smoothed probability of Regime 1 for the Model 1 
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Figure 10. Smoothed probability of Regime 1 for the Model 2 
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Figure 11. Expected marginal response of the primary surplus to the debt to GDP ratio for 
the Model 2 
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Figure 12. Smoothed probability of Regime 1 for the fiscal policy function (14) 
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Figure 13.  Smoothed Probability for Regime 1 for the Monetary Policy Equation (15) 
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