Absence of safe assets, large sovereign debt, and low bond yields
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Abstract
Why governments in advanced countries can sustain large debt has received
increasing concern. We investigate a country’s fiscal sustainability by estimating the
fiscal space following Ghosh et al. (2013). Using a panel data of 23 advanced
countries over the period 1985-2014 that includes the period of European fiscal
crises, we estimated the non-linear reaction function. All countries have fiscal spaces
except for Japan, Portugal, and Greece. The low real interest rate relative to the real
GDP growth rate contributes to fiscal sustainability. When adding the effect of
“absence of safe assets”, the concept of which relates the incomplete international
risk diversification of portfolio, we find the fiscal space more likely. Japan has the
fiscal space if the extent of the absence of safe assets is high and if the
growth-adjusted interest rate is negative.
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1.Introduction
High levels of outstanding government debt in advanced countries are one of
important issues. In 1990s, the economy would fall into recessions if the debt-GDP
ratio is over 100 percent.1 The European Union imposed the requirement of joining
the membership for a country’s debt-GDP ratio to be less than 60 percent. However,
in the 2000s, the debt-GDP ratio has increased among advanced countries.
Stimulating fiscal spending after the global financial crisis led to the higher ratios of
the public debt to GDP, which in turn triggered the fiscal crises in the Euro area.
After the crises ended, the ratios of the public debt to GDP remain the highest for
many of them, but the nominal bond yields fell to the low levels except for Greece.
Figure 1 illustrates the public debt to GDP and the nominal bond yield for five
large-indebted countries, Japan, Italy, Portugal, Greece, and Ireland.
The primary concern is to understand why the governments can sustain large
debt. Ghosh et al. (2013) compute the fiscal space, defined as the difference between
projected debt limits and actual debt in advanced countries using the data until 2007,
and find that none of Japan, Italy, Portugal, Iceland, and Greece has fiscal space.
According to theirs, those five countries should have defaulted on the government
debt. The growing literature also presents pessimistic scenarios for fiscal
sustainability.
We highlight two elements that are supposed to have contributed to sustaining
the large debt for advanced countries. The first is the recent tendency for the low real
interest rate relative to the real GDP growth rate. Table 1 shows that the averages of
the real GDP growth rate and the real long-term bond yield over the 23 countries for
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Reinhalt and Rogoff (2010) stated in his book that once the debt-GDP ratio becomes over
100 percent, the economy falls into stagnation.
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different sample periods. The long-term bond yield is intended as the proxy of the
safe interest rate. The bond yields at least until 2008, just before the global financial
crisis, could be close to the real interest rate. The GDP growth rate declined from 2.9
percent for the period 1990-1999 to 2.1 percent for 2000-2009. Likewise, the real
bond yields of 10-years maturity declined from 4.7 percent to 2.1 percent. The gap
between the two rates declined over time. The growth-adjusted interest rate is almost
zero for the latter period. For 2010-2015, the growth-adjusted interest rate is close to
zero. Remarkably, if several European countries that faced fiscal troubles are
excluded, the growth-adjusted interest rate is minus one percent! The zero or
negative growth-adjusted interest rate provides a room for rolling over the debt
without imposing additional fiscal costs.
The second relates incomplete international risk diversification of portfolio.
Coeurdacier and Rey (2013) present evidence showing that there is the strong home
bias with respect to cross-border bond holdings. Investors will find it difficult to find
safe alternatives to domestic government bonds if the country-specific risk is not
independent each other.3 This tendency is remarkable in countries with huge net
foreign assets, such as Japan and Switzerland. The Japanese yen is used as a flight to
quality, and tends to appreciate when Japan is hit by the adverse global shock. It
appreciated substantially relative to both the US dollar and the euro for years
following the global financial crisis, and Japanese investors who took the large
international position got losses. Sakuragawa and Sakuragawa (2016) describe this
situation as the “absence of safe assets”, and show that when there are no safe
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In the standard theory of international finance, with the independently and identically
distributed shock across countries, rational investors should hold internationally diversified
portfolio.
3

alternatives, the bond yield does not react to the worsening fiscal conditions and the
government can sustain the large debt.
We investigate a country’s fiscal sustainability by estimating the fiscal space
following Ghosh et al. (2013). Using a data of 23 advanced countries over the period
1985-2014 that includes European fiscal crises, we estimated the cubic government
reaction function. The primary balance-GDP ratio reacts positively to the debt-GDP
ratio from 60 percent, peaks at 200 percent and around, and starts to react negatively
beyond it. We used the estimated reaction function to find the fiscal space. We can
safely conclude that the low real interest rate since 2000 permitted the high
debt-GDP ratio to be sustained. We estimated the more disciplined reaction function
when the data for Japan is excluded. Investigating the sustainability country by
country, we find fiscal spaces for all countries except for Portugal, Japan, and
Greece.
When considering the absence of safe assets, we find the fiscal space more likely.
Japan has the fiscal space if the government behaves following the disciplined
reaction function, if the extent of the absence of safe assets is high, and if the
growth-adjusted interest rate is negative.

Literature review
A huge literature provides quantitative analysis of fiscal sustainability. By
limiting the research applied to Japan, the literature includes Doi and Ihori (2003),
Dekle (2005), Broda and Weinstein (2005), Ihori et al. (2006), Sakuragawa and
Hosono (2010, 2011), Doi, Hoshi, and Okimoto (2011), Hoshi and Ito (2013),
Hansen and Imrohoroglu (2016), Matsuoka (2015), Miyazawa and Yamada (2015),
4

and others.
The literature on sovereign default is related. Most of these papers consider the
government’s strategic default by developing countries (e.g., Calvo 1988, Cole and
Kehoe 2000, Arellano 2008, and others). In contrast, we model fiscal default as a
problem of the inability to pay, triggered by the stochastic shock to the primary
balance. We believe that the inability to pay rather than strategic default is more
likely to be relevant for analyzing public debt in countries where domestic residents
hold almost all the debt.
This paper is related to the literature on the home bias. An ever-growing number
of studies investigate the determinants of home bias from both rational and
behavioral perspectives. The determinants proposed by those studies include
transaction costs (Glassman and Riddick, 2001), real exchange rate risks (Fidora,
Fratzscher and Thimann, 2007), information barriers (Ahearne, Griever and Warnock,
2004), corporate governance issues (Dahlquist et al., 2003), and lack of familiarity
(Portes and Rey, 2005). Coeurdacier and Rey (2013) provide an extensive survey on
home bias. In their seminal contribution, Cole and Obstfeld (1990) shows that gains
from international risk sharing is small as the change in the terms of trade helps to
share risk internationally. Martin and Rey (2004) show that even small transaction
cost may lead to sizable home bias when home and foreign stocks are close
substitutes.
Several papers examine the pricing of sovereign risk. Gruber and Kamin (2012),
Beirne and Fratzscher (2013), Aizenman, Hutchisonb, and Jinjarakc (2013) estimate
the sovereign risk.

5

This paper is organized as follows. In section 2, we set up a model of fiscal crisis.
In section 3, we analyze model’s features. In section 4, we estimate the fiscal
reaction function for advanced countries and calculate the fiscal space for each. In
section 5, we conclude.

2. Model
Consider an economy that lasts for infinity and consists of a large number of
investors and the government. We first state the behavior of the government. Letting

St denote the primary surplus. We assume that the government expenditure is zero
so that St equals the tax. The government’s budget constraint is written by

Dt 1  Dt

(1)

Rt 1Dt  St 1 ,

so long as the government rolls over the debt. We use a simple default rule; the
government makes the promised payments so long as the government can roll over
the debt, but otherwise pays only the fraction (1  h) of the debt, where h is the
haircut rate.
The government is committed to follow a fiscal reaction function;
(2)

St 1
Yt

P f(

Dt
)  H t 1 ,
Yt

The parameter P captures systematic determinants of the primary balance other
than the past debt, f (.) is the response of the primary surplus to the debt, which is a
continuously differentiable function. Hereafter we denote dt { Dt Yt . The stochastic
variable H t follows the distribution function G(H t ) that is continuously
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differentiable defined over the interval [H min , H max ] . The stochastic primary surplus
reflects the uncertainty for the tax revenues.
We obtain the debt dynamics from (1) and (2) by
(3)

P  f (d t )  H t 1

1  Rt 1
d t  d t 1 ,
1 g

where we assume that the output Yt grows at the constant rate g . The LHS is the
fiscal surplus, and the RHS is the “net” growth-adjusted interest payment. To
consider the possibility of fiscal default, the function has the property that there
m
exists a debt d such that, for any dt ! d m ,

(A)

P  f (d m )  H min 

given Rt 1 . At d t

1  Rt 1 m
1  Rt 1
d  d m and f ' ( d m ) 
1 g
1 g

d m and with the worst shock, the primary surplus cannot cover

the interest payment, and once the economy falls into this fiscal difficulty, the
response of primary balance is so weak that the government cannot escape from this
situation. We rewrite (3) by

P  f (d t )  H t 1 (

1  Rt 1
 1)d t  'd t
1 g

Figures 2A and 2B plot the non-stochastic images of debt dynamics. The upper graph
shows the case for the unique intersection. This intersection corresponds to the debt
limit, denoted d , as defined below; if dt  d , the primary surplus always cover the
interest payment so that the debt decreases over time, ceasing finally to issue the debt.
However, if dt ! d , the primary surplus is insufficient to cover the interest payment,
which makes it impossible for the government to roll over the debt. Thus in the
deterministic case, the default probability is zero up to the debt limit, jumping to
7

unity thereafter. The lower graph shows the case for two intersections, in which he

~

reaction of the primary surplus to the debt is strong around d . If dt  d , the debt

~

decreases monotonically, converging to some positive level d .
There are a large number of investors who are risk neutral. They face two assets,
the government bonds of home country, and the other asset which we call “capital”.
As in Sakuragawa and Sakuragawa (2016), the fiscal default produces a negative
externality on the return on capital. The gross return of capital is (1  A) in the
nondefault state and falls to (1  T )(1  A) in the default state, with 0 d T d 1 .5 The
positive value of T implies the correlation of risk across the two assets. We can
think of T as a no-risk hedge measure because T captures the degree to which
capital does not hedge fiscal risk.
We provide three stories that explain this situation. In Japan, domestic investors
hold more than 95 percent of the JGBs on issue. Many of the large bondholders are
domestic financial intermediaries who are supposed to be unsophisticated in that they
have weak access to foreign markets.6 They find it difficult to hedge the fiscal risk
by holding foreign safe assets but rather have to hold domestic assets that are
vulnerable to fiscal risk. Investors find no safe assets in the event of a fiscal crisis.
This closed-economy story is applied to the United States that is a country of the
largest GDP in the world. If the US’s government defaults on Treasuries, its adverse
effects are anticipated to hit the world economy as well as home. Consequently,
investors have no safe alternatives than Treasuries. The global financial crisis spread
5

Cohen and Sachs (1986), Cole and Kehoe (2000), and Arellano (2008) model fiscal default
costs as having negative implications on output.
6 The financial intermediaries are owned or regulated by the government, including
the central bank, private depository institutions, private insurance companies,
publicly financial institutions, and social security funds.
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out from the United States to the world, The GDP growth rate of the United States
fell down by 3.2 percent in 2009, which is smaller than the decline in the global
growth rate, higher than 4 percent, and US dollar appreciated relative to other
currencies except for the Japanese yen.
Euro zone countries seem to have safe alternatives, but are not necessarily
exceptional. In the recent fiscal crisis of the Euro zone, many countries of that region
increased the exposure to the domestic bonds relative to foreign bonds (Battistini,
Pagano, and Simonelli 2013). The pessimistic belief that the fiscal risk of one
country spills over to that of other (see Antonakakis and Vergos 2013, Altera and
Beyerb 2014, and Grauwea and Ji 2014), and triggers the collapse of the Euro system
made investor of the Euro zone choose holding the bond denominated in the
domestic currency more than the internationally diversified portfolio.
What is common to these three stories is that in case of fiscal default, investors
find it difficult to find safe alternatives to domestic government bonds. In the model,
“capital” is the domestic stocks or loans to Japan, foreign assets general to the US,
and the Germany bonds to the euro zone countries.
Gourinchas and Jeanne (2012) and Caballero and Farhi (2014) propose the
notion of a shortage of safe assets, arguing that only some developed countries have
an ability to supply safe assets. This also implies that the number of safe assets
available to investors is too limited to diversify risk.
Finally, we assume that once the default has occurred, the government cannot
issue the government bond at least during this period.

9

3. The Analysis
First of all, we characterize the fiscal default. In doing do, we consider the “debt
limit”, denoted dt 1 , as the maximum level of debt under which investors are willing
to buy the bonds. For the present, we start the analysis by assuming that there exists
the debt limit. The government can roll over the debt until the limit. If the shock H t 1
is so small that the debt that is necessary to cover the interest payment exceeds the
debt limit; d t 1  dt 1 , the government cannot roll over the debt and has to default.
Given the debt limit dt 1 , there exists a cutoff shock H t 1 , below which the debt that
the government has to issue to avoid default exceeds the debt limit;

H t 1

(4)

1  Rt 1
d t  P  f (d t )  d t 1 { H ( Rt 1 , dt , dt 1 ) ,
1 g

Accordingly the probability of fiscal default is defined by

S t 1

(5)

prob.[H t 1  H t 1 ] G(H ( Rt 1 , dt , dt 1 )) .

The function G (.) has the following property:
(i)

wS t 1 / wRt 1

(ii)

wS t 1 / wd t

(iii)

wS t 1 / wdt 1

G ' (H t 1 )

dt
! 0,
1 g

1  Rt 1
1  Rt 1
G ' (H t 1 ){
! f ' (d t ) , and
 f ' (d t )} ! 0 if
1 g
1 g
G' (H t 1 )  0 .

The higher is either the bond yield or the current debt (if

1  Rt 1
! f ' (d t ) ), the
1 g

default probability is higher, but the larger is the debt limit, the default probability is
smaller.
If investors hold the government bonds, they should be indifferent between capital
and the bonds. The no-arbitrage condition is written as
10

(6)

(1  S t 1 )(1  Rt 1 )  S t 1 (1  h)(1  Rt 1 ) (1  S t 1 )(1  A)  S t 1 (1  T )(1  A) ,

for dt ! 0 . The LHS is the expected return on the government bonds; investors
receive the full of the face value if the debt is rolled over, and only the fraction

(1  h) otherwise. The RHS is the expected return on capital; agents receive the full
return (1  A) if the debt is rolled over, but only the part (1  T )(1  A) if the
fiscal default occurs. It is useful to rearrange (6) to have meaningful implications by

1  Rt 1

(7)

(1  A)

1  TS t 1
,
1  hS t 1

This equation has several implications. First, taking the default probability as given,
the bond yield is lower as either the haircut rate h declines or the no-risk-hedge
measure T rises. Table 2 shows some calculation by assuming A

0.02 and the

default probability is 10 percent. The impact of the haircut on the yield is intuitive.
The first column shows that the bond yield is higher as the haircut rate rises in the
conventional case for T
the second row (h

0 . The primary concern is the impact of T . For example,

0.1) shows that the bond yield is lower as the no-risk-hedge

measure T rises. As T rises, the bond yield becomes less likely to reflect the risk
premium. This is because, when a fiscal default occurs, the return on the government
bonds declines, and also does the opportunity cost of holding the bonds.
Second, there exists the threshold under which the risk premium disappears.
When h T , the bond yield equals the risk-free return on capital, as the triangular
components of the matrix.
Third, if h  T , the bond yield is lower than the return on capital, as the upper
components against the triangular show. Then the fiscal crisis damages more on the
return on capital than on government bonds. This is not unrealistic. The government
11

can favor the bondholders at the sacrifice of the shareholders. The government could
compensate the bondholders for the losses in the event of fiscal crisis by exploiting
the income of wealthy capital holders. We summarize this argument as follows.

Proposition 1: The bond yield Rt 1 is higher than the normal return on capital A if
and only if T  h .

The bond yield is higher than the normal return on capital if the fiscal crisis damages
more on the return on the bonds than other assets.
We turn to the determinant of the bond yield. We use (7) to specify the net return
function on the government bond. Formally, we define the net return function by
(8)

:( Rt 1 , dt , dt 1 , )
(1  Rt 1 ){1  hG(H ( Rt 1 , dt , dt 1 ))}  (1  A){1  TG(H ( Rt 1 , dt , dt 1 )} ,

for 0 d T  1 and 0 d h  1 . The first term is the expected return from the
government bonds and the second term is the expected return from capital.9
Differentiating this function in terms of 1  Rt 1 , we have
(9)

w:(.) wRt 1 {1  hG(H ( R, d , d ))}  {(1  R)h  (1  A)T )} G ' (H )

dt
.
1 g

The first term in the right-hand side is the marginal expected gain from the interest
receipt, and the second term is the marginal cost of increasing the default probability.
Additionally, we have the following properties:
(i)

9

lim w:(.) wR t 1

Ro A

When T

1  (1  A)( h  T ) G ' (H min )

h , :(.) { ( R  A){1  hG(.)} holds. Then :(.)
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dt
,
1 g

0 if and only if R

A.

lim w:(.) wRt 1

(ii)

R of

{(1  R)h  (1  A)T )} G ' (H

max

)

dt
,
1 g

1  Rt 1
 f ' (d t )} , and
1 g

{(1  R)h  (1  A)T } G ' (H t 1 ){

(iii)

w:(.) wd t

(iv)

w:(.) wd t 1 {(1  R)h  (1  A)T } G' (H t 1 ) .

Proposition 1 states that the term {(1  R)h  (1  A)T } is positive only when

T  h . We focus on this case and then this function is defined for Rt 1  ( A,f) .

Proposition 2: Suppose that lim w:(.) wRt 1 ! 0 , and T  h . The net return
Ro A

function :( Rt 1 , dt , dt 1 , ) is (i) first increasing, later reaches a peak, and then
decreasing in the bond yield, (ii) decreasing in the current debt, and (iii) increasing in
the debt limit.

The first property implies that the net return function has a maximum, implying that
there may exist a maximum bond yield above which the bond market shuts down.
The second and third properties are closely related to the presence of the debt limit.
If there exists the debt limit, there should exist no bond yield satisfying :(.) ! 0
for any debt beyond the debt limit. As Proposition 2 states, the net return function is
decreasing in the current debt, but increasing in the debt limit. Once the current debt
reaches the debt limit, further debt should make the function :(.) negative. This
holds only if

w:(.) wd t  w:(.) wd t 1

dt dt 1

1  Rt 1
{(1  R )h  (1  A)T }G ' (H t 1 ){
 f ' ( d t )  1}  0 ,
1 g

requiring
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1  Rt 1
! 1  f ' (d t ) .
1 g

(B)

When (B) holds, the function :( Rt 1 , dt , dt ) is decreasing in d t . Condition (B)
states that the growth-adjusted bond yield is sufficiently higher than the sensitivity of
the primary surplus to the debt. Condition (A) guarantees that there is some large
debt d m beyond which (B) always holds, and that :( Rt 1, dt , dt ) is decreasing in

d t . This does not guarantee that

:( Rt 1, dt , dt ) is decreasing in d t globally.

Recalling Figure 2, the function in decreasing around d m , but increasing around

~
d.
Therefore, when Condition (A) holds, there exists a debt limit above which
agents are never willing to hold the government bonds at any bond yield, as is
familiar from the literature on equilibrium credit rationing (e.g., Stiglitz and Weiss,
1981 and Williamson, 1986). We can define the two stationary limit variables

{d , R} that satisfy
(10)

:( R , d , d ) 0 , and

(11)

w:( R , d , d ) wRt 1

0,

and dt 1 ! d m , where we call R the “bond yield limit”, which is the bond yield
that the agents are willing to hold the bonds if the actual debt would be d .
Accordingly, the limit default probability is written as
(12)

S

1 R
G{
d  P  f (d )  d } .
1 g

This default probability is in general less than unity so that if the debt were to
increase beyond d , the default probability suddenly jumps to unity.
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Once the debt limit d has been determined, there is a bond yield
Rt 1

(13)

R(dt , d ) that satisfies
:( Rt 1 , dt , d )

0

so long as dt  d , while otherwise there is no finite bond yield.10 Accordingly, the
default probability is given by
(14)

1  Rt 1
S t 1 G{
d t  P  f (d t )  d } ,
1 g

if dt  d , while otherwise, S t 1 1 . We establish the following.

Proposition 3: Suppose that T  h and Condition (A) holds. (i) There exists a debt
limit d , above which agents are never willing to hold the government bonds at any
bond yield. (ii) There exists a finite bond yield at which the government can issue the
debt for d t  (0, d ] . (iii) There exists no finite bond yield at which the government
can issue the debt for dt  (d ,f) .

The first property implies that there exists the debt limit under mild conditions. The
sensitivity of the primary balance to the debt is too weak, and the fiscal crisis must
damage more on the return on the bonds than the return on capital, that is T  h .
The second property implies that if debt remains at or below the debt limit, there are
10

Note that there are multiple bond yields that satisfy :(.) 0 . Among them, the lowest is
chosen as equilibrium. There are only two yields that satisfy :(.) 0 if this function is
globally concave in terms of R if the functional form on G (.) satisfies
2G(.)  G' (.){(1  R)h  (1  A)T } ! 0 . Strictly speaking, this restriction is not necessary for all
the main results to hold. Without this assumption, the number of equilibria may be more than
three, and the analysis will be a little complicated.
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always agents who are willing to lend to the government at a positive finite bond
yield. The third implies that if debt exceeds the debt limit, there is no finite bond
yield that compensates for the default risk to agents. As a result, the government
faces a complete loss of access to the market.

Proposition 4: Suppose that T  h and Condition (A) holds. (i) The bond yield

Rt 1 is higher if the current debt is large, the no-risk-hedge measure T is low, and
the haircut rate is high. (ii) The debt limit d is larger if the no-risk-hedge measure

T is high, and the hair cur rate is low.

The overall features of Propositions 3 and 4 need the assumption of T  h . The debt
limit is not defined for T

h because then :( Rt 1 , dt , dt ) is independent of the

debt level dt . The following is straightforward.

Proposition 5: Suppose that T  h and Condition (A) holds. When T approaches
h from below, the bond yield approaches A , and the debt limit approaches infinity.

This implies a very strong implication on the debt sustainability. By choosing the
appropriate combination (T , h) , any large debt is sustainable.

Finally in this section, we state the sequence of the determination of the equilibrium.
The equilibrium of this stochastic economy with debt is a sequence of endogenous
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variables {dt , Rt , S t , dt , Rt }tf 0 , and the stochastic variable {H t }tf 0 , satisfying (3), (10),
(11), (13), (14), given the initial debt d 1 .
At the beginning of period t , dt 1 , is predetermined, and the shock H t is
revealed. If H t  H t , the default occurs, and solving the model is simple, while
otherwise the default does not occur, and (3) determines the new debt dt .
In the next step we solve other four variables. First, equations (10) and (11)
determine the debt limit d and the bond yield limit R . Second, given the current
debt dt and the debt limit d , equations (13) and (14) determine the current bond
yield Rt 1 , and the current default probability S t 1 .
We should be careful to the characterization of equilibria. Strictly speaking,
there are multiple equilibria when the debt level is within the debt limit. The
equilibrium in which no finite interest rate compensates for the default risk to
investors is also supported as a stable equilibrium irrespective of the debt level. As
Romer (2001) shows, each of the multiple equilibria is self-fulfilling equilibrium. If
investors believe that the probability of default should be low, the low interest rate is
realized. On the other hand, if investors believe that the probability of default must
be very high, they do not hold the bonds at any interest rate, which forces the
government to face the complete loss of access to the market. In this paper, we focus
on the equilibrium in which investors purchase the bonds so long as the debt level is
within the debt limit.
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4. Empirical Investigation
This section applies the theoretical framework developed above to a sample of
23 advanced countries using data for the period 1985-2014. We estimate the fiscal
reaction function (2), and calculate the fiscal space for each country.

A. Government fiscal reaction function
A-1, Specification and estimation method
We specify a non-linear fiscal reaction function. A non-linear response of fiscal
behavior is found by Bohn(1998), Ostry and Abiad (2005) , Mendoza and Ostry
(2008), and Ghosh et al. (2013). We consider a cubic fiscal reaction function in terms
of the ratio of debt to GDP, following Mendoza and Ostry (2008), Ghosh et al.
(2013) and others. Once we allow for the possibility that the fiscal discipline
eventually weakens at higher debt levels, like Ghosh et al. (2013), a finite debt limit
exists in general.
A number of variables apart from debt are likely to affect a country’s
surplus-generating capacity. Following the literature by Mendoza and Ostry(2008)
and Ghosh et al. (2013), we include conditioning variables into the estimation; the
GDP gap, the government expenditure gap, inflation rate, and the trade openness. In
addition, we also consider the growth rate of the trend of GDP and the ratio of
current account to GDP. The GDP gap controls for the effect of business cycles. The
government expenditure gap measures the effect of temporary fluctuations in
government outlays. The inflation rate captures the effect on the fiscal balance
because of the bracket-creep effects and/or because that government needs greater
effort to counter the effects of higher interest rates accompanying higher inflation.
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The growth rate of GDP trend captures the effect of natural increase in tax revenue.
The effect on the ratio of current account to GDP is basically positive. Because the
country with higher current account surplus is in good economic condition,
government can secure more tax revenue.11 It has a positive effect on the fiscal
surplus. However, if the government thinks that the domestic investors have the
strong home bias and the government does not need to borrow from abroad at higher
interest rate because of the higher rate of current account, that it, T is high, the
positive effect of large current account on the surplus is weakened because of this
weak discipline. Data source and data description are shown in Appendix 2.
We estimate a cross-country panel data that varies across countries (indexed by i )
and over time (indexed by t ). We allow for country-specific fixed effects. The
estimation equation is written as;

sit

a1d it 1  a2 d it21  a3 d it31  ci  bX  uit , t 1985,,2014 ,

where sit , d it , ci , and u it note primary surplus to GDP ratio, debt to GDP ratio,
country-specific effect, and error term, respectively and X is a vector of control
variables. In addition, we allow for the possibility that an unobserved shock this
period will affect the fiscal reaction by the government for at least the next several
periods. When serial correlation of disturbances across periods is present but we
estimate equation ignoring it, estimation results we obtain are consistent but
inefficient estimates of the regression coefficients and biased standard errors. To

11

For example, an oil export country has large current account surplus when oil price rises
up.
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address this problem, we allow for serial correlation in the error term and model uit
as an AR(1) process; uit

Uuit 1  Zit , | U | 1 and Zit ~ IID (0, V Z2 ) .

A-2, Estimation results
Table 3 shows estimation results for various specifications of the cubic fiscal
reaction function. Estimation 1 shows the result of the estimation in which the GDP
gap and the government expenditure gap are used as the control variables. Estimation
2 shows the result of the estimation equation in which all six variables we explained
above are used as the control variables.
The coefficients of the cubic functional form, capturing the increasing but
slowing response of the primary balance to lagged debt, are statistically significant
for results of estimations 1 and 2. The estimated coefficients of other determinants
included in the fiscal reaction function are also plausible. The primary balance
responds positively to the output gap. Temporary increases in government outlays as
captured by the government expenditure gap variable, affect the primary balance
negatively. Inflation rate has a positive effect on the primary balance in the
benchmark estimation. Trade openness has no effect on the primary balance, which
is different result from Ghosh et al. (2013). Growth rate of GDP trend affect the
primary balance positively. Current account to GDP has a positive effect on the
primary balance, which means that government can secure tax revenue much more
and the surplus-generating capacity becomes large when positive current account
becomes large. We examine the robustness of estimated nonlinear fiscal reaction
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function to different estimation methods for estimation 2 in Table 3. This
examination is shown in Appendix 3A.
Figure 3 shows the scatter diagram with the fitted value ( ŝit ) calculated from the
result of estimation 2 in Table 3 and lagged debt to GDP ratio ( dit 1 ).The reaction
function exhibits a non-monotone movement as the debt-GDP ratio rises. The
primary balance-GDP ratio first decreases as the debt-GDP ratio rises; the
government tends to have a weak concern on the fiscal position when the debt
outstanding is small. As the debt-GDP ratio increases, the primary balance-GDP ratio
rises but the responsiveness eventually starts to weaken. Finally at very high level of
the debt-GDP ratio, the primary balance- GDP ratio decreases.
The bold red line in Figure 4 shows the fiscal reaction function obtained by
estimation 4 in Table 3.The marginal response of primary balance-GDP to lagged
debt-GDP starts to decline at the debt-GDP ratio around 130 percent and becomes
negative at the debt-GDP ratio around 200 percent. These numbers are larger than
the ones Ghosh et al.(2013) estimates.12 One possible reason is the difference in the
sample period; their sample period is 1985-2007 but ours is 1985-2014, which
includes the period after the global financial crisis in 2009.
We estimate the estimation equation with six control variables for 1985-2007
instead of 1985-2014. Estimation 3 in Table 3 shows the estimation result. We do not
obtain the statically significant relation about the fiscal surplus and the debt-GDP
ratio, though Ghosh et al.(2013) obtain statistically significance of the debt-GDP
ratio to the fiscal surplus. The fact that the fiscal surplus responds to the debt-GDP
12

By Ghosh et al. (2013), the marginal response of primary balance to lagged debt starts to
decline at the debt-GDP ratio around 90-100 percent and becomes negative at the debt-GDP
ratio around 150 percent.
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ratio less in the period 1985-2007 but responds strongly it in the period 1985-2014
may suggest government cares about the fiscal reaction in the fiscally severe period.
Because in general large shocks such as wars, fiscal fallout of financial crisis or
fiscal crisis may cause temporary deviations from usual primary balance response
and the slope coefficients of the primary, we control the impact of the European
sovereign fiscal crisis starting from 2010 using the coefficient dummy with
debt-GDP ratio for 4 countries (Greece, Portugal, Ireland, and Italy) and for 3 years
(2010-2012). Estimation 4 in Table 3 shows the result of the estimation equation.
These four countries (Greece, Portugal, Ireland, and Italy) have a statistically
different fiscal response during the fiscal crisis.
Next, we estimate the fiscal reaction function using the sample that excludes
Japan’s data. Japan’s government may decide the fiscal surplus responding to
debt-GDP ratio differently from other countries. Ghosh et al. (2013) note that the
response of primary balance to lagged debt in Japan is different from other countries
for their sample period. Beirne and Fratzscher (2013) analyze the pricing of
sovereign risk for 31 advanced and emerging economies during the European
sovereign debt crisis, but Japan is not included in their analysis. In Appendix 3B, we
examine the slope homogeneity for each country. For Greece, Ireland and Japan, the
null hypothesis of slope homogeneity is rejected.
 Estimation 5 in Table 3 shows the estimation result using the sample that
excludes Japan’s data. Even then, the non-linearity of fiscal reaction function is
supported. We examine the robustness of estimated nonlinear fiscal reaction function
to different estimation methods for estimation 5 in Table 3. This examination is
shown in Appendix 3C.
22

Figure 4 compare two shapes between fiscal reaction functions obtained by
estimations using all countries (result of estimation 2 in Table 3, drawn by the red
and bold line) and the countries excluding Japan (result of estimation 5 in Table 3,
drawn by the black and dash line). In the case for estimation using countries
excluding Japan, the marginal response of primary balance to lagged debt starts to
decline at the debt-GDP ratio around 130 percent and becomes negative at the
debt-GDP ratio around 210 percent, which numbers are not so different with ones in
the case for estimation using all countries. However, compared with these two fiscal
reaction functions, the results using the countries excluding Japan show that the
responsiveness is stronger in average. When the debt ratio is 160 percent, the primary
balance is about 5.6 percent for the estimation using the countries excluding Japan
but it is about 3.0 percent for the estimation using all countries. When the debt ratio
is 180 percent, the primary balance is about 6.6 percent for the estimation excluding
Japan, but it is about 3.4 percent for the estimation using all countries.
Finally, we estimate the reaction function controlling the impact of the fiscal crisis
in Europe for the sample excluding Japan’s data. Sovereign dummy we use is same
as the one when we use in the estimation 4. Estimation 6 in Table 3 shows the
estimation result. Greece, Portugal, Ireland and Italy have a statistically different
fiscal response during the fiscal crisis.

B.

Fiscal Space for the “average” country
We choose parameters. We choose the benchmark pair ( g , A ) from the data for

the period of 2000-2009 in Table 1. We set the GDP growth rate at g =0.021, and

A = 0.021. The data of the bond yield until 2008 is supposed not to reflect the fiscal
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risk, and regarded as the return on the asset with no fiscal risk. We examine the
effect of the rise in the real interest rate by varying from 0.021 to 0.03, and 0.04.
Benjamin and Wright (2008) estimate the recovery rate for upper-middle income
countries to be about 60-100 percent; hence, for advanced economies we assume that
a recovery rate is 90 percent, that is, the hair cut rate h =0.1. We choose T by

T =0, 0.05, 0.08 to keep T  h . Reinhalt and Rogoff (2010), in their sample of 224
domestic crises, document that the declines in output around the period of a domestic
debt crisis amount to eight percent on average.
We specify the G (.) function by the triangle density function for the support

[0.5H m ,0.5H m ] . The mean is zero and the standard deviation is H m 2 3 . As H m
gets larger, the tail risk increases, and the default probability increases.
We use the parameters of the reaction function from the estimation 5 in Table 3.
We set H m by using the standard deviation of the error term of the regression. We
obtain the lower bound from the standard deviation in the estimation 5 in Table 3, in
which the error term includes the autocorrelation. We obtain H m =0.051. We obtain
the higher bound from the standard deviation in the estimation 5 in Table A4, in
which the error term has no autocorrelation. We obtain H m =0.083. The term H m
ranges from 0.05 to 0.08.
Table 4A shows debt limits for the “average” country. We pick up several
features. First, the debt limit is over 200 percent for all the cases except for
(T , H m , A) =(0, 0.08, 0.04), since the average debt-GDP ratio is 88.4 percent in 2014,

the average country tends to have the fiscal space. Second, for given T and A , as
H m increases, the debt limit declines. Third, for given T and H m , as A increases,

the debt limit declines. For H m =0.08 and T =0, as A ranges from low to high, the
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debt limit decline from 244 to 228, and then the fiscal space disappears. Forth, for
given A and H m , as T increases, the debt limit gets larger. There is the positive
effect of the absence of safe assets on the fiscal sustainability. Fifth, the quantitative
effect of the change in T on the debt limit is larger as A goes up.
Table 4B shows the details of the effects the change in T . As the debt limit gets
larger, the yield limit and the default probability get higher.

C: Fiscal Space for 23 individual countries
We calculate the fiscal space for each of 23 countries. The government reaction
functions vary across countries. The sensitivity of the primary balance to the debt is
common to all countries, but the five explanatory variables and the constant term are
specific to individual countries. We use the coefficient of the country dummy, the
output gap, the government expenditure gap, the ratio of the current account to GDP,
the trend GDP growth, and the inflation rate in the regressions to deal with the
possible country’s difference in the government reaction function. We use the
coefficients of the estimation 5 in Table 3 that excludes Japan. In examining the
Japan’s fiscal space, we use the coefficients of the estimation 2 in Table 3 that
includes Japan. We set H m =0.08 in the following analysis.
Column 2 in Table 5 depicts the baseline result when the riskless interest rate is

A =0.021, and the economy access the safe asset freely ( T =0). We define the fiscal
space by the difference in the predicted debt limit and the debt in 2014 so long as the
former exceeds the latter. The debt limits range from 220 to 270 percent except for
Japan and Portugal, and tend to be higher than Ghosh et al. (2013). Greece has the
fiscal space, implying that Greece fell into the fiscal crisis although there was the
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fiscal space. Note that the fiscal space is defined by the assumption that the
equilibrium is in a good equilibrium. One interpretation is that the Greek fiscal crisis
was a panic equilibrium in which the pessimistic belief could make the default
equilibrium self-fulfilling (e.g., Calvo 1988).
As shown in Table 1, after the global financial crisis, the real interest rate
declined. Column 3 in Table 5 shows the effect of the decline in the real interest rate.
Portugal has fiscal space, but Japan has not yet. Additionally, Table 1 shows that the
GDP growth rates also fell down and did particularly for several European countries
that had fiscal troubles. We recalculate fiscal space for each country by replacing the
GDP growth rate by the average for the period 2010-15. Column 4 shows that Greece
as well as Japan and Portugal has no fiscal space. We can conclude that all the
countries have fiscal spaces except for Greece, Japan, and Portugal, given that there
is no absence of safe assets. This finding is different from Ghosh et al. (2013), in
which Italy and Ireland as well as these three countries find no fiscal spaces.
The primary concern is to explain why Japan sustains the high outstanding debt.
As Table 1 shows, the Japanese bond yields are lower than the averages of all
countries but the debt-GDP ratios are higher for all the intervals. As we have studied
in the theoretical part, the absence of safe assets can explain this situation.
Column 5 in Table 5 show the case when T =0.05. The debt limit is higher, but
still short of the outstanding debt. Column 6 shows that when T =0.08, the debt limit
almost reaches the outstanding debt. Japan has fiscal space if the government
behaves following the disciplined reaction function, if the extent of the absence of
safe assets is high, and if the growth-adjusted interest rate is negative. Interestingly,
when the haircut rate ( h ) is up to 0.2, we obtain almost the same debt limit when T
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is doubled to 0.16 (although the result is not listed). The ratio T / h is more
important than T .

5. Conclusion
We investigate a country’s fiscal sustainability by estimating the fiscal space
following Ghosh et al. (2013). Using a panel data of 23 advanced countries over the
period 1985-2014 that includes the period of European fiscal crises, we estimated the
cubic reaction function that is non-linear and statistically significant. All countries
have robust fiscal spaces except for Japan, Portugal, and Greece. The low real
interest rate relative to the real GDP growth rate contributes to fiscal sustainability.
When adding the effect of “absence of safe assets”, the concept of which relates the
incomplete international risk diversification of portfolio, we find the fiscal space
more likely. Japan has the fiscal space if the extent of the absence of safe assets is
high and if the growth-adjusted interest rate is negative.
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Appendix 1: Numerical solution
We specify the G (H ) function and the density as
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Using (5), we define the cutoff
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1 m 1  Rt 1
d t d B , we write the net return function:
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The bond yield is determined to satisfy :( Rt 1 , dt , d ) 0 , and written as
Rt 1

R(d t , d ) ,

(A6).

We can calculate the debt limit d jointly with the “bond yield limit” R by

:( R , d , d ) 0 and w:( R , d , d ) / w(1  Rt 1 ) 0 . From the latter equation, we obtain
1 R

(1  g ) 2 2d t 1
1
~
[
{2h( B  H m )  T (1  A)d }  DR ] { 1  R (d )
2
6hd
1 g
2

(A7),

2d
1
~
{2h( B  H m )  T (1  A)d }]2
1 g
2

where DR { [


and B { B (d , d )

6hd 2
1
1
~
{(H m ) 2  2h( B  H m ) 2  4T (1  A)d ( B  H m )}
2
(1  g )
2
2

P  d  f (d )  (d  d ) P  d  f (d ) .

By incorporating (A7) into (A5) and rearranging it, we obtain
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The debt limit d has to satisfy :( R , d , d ) 0 . Using (A7), this equation can be
denoted as :( R (d ), d , d ) 0 .
The probability of fiscal default is

S
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Given that the debt limit d has been determined, the current bond yield Rt 1
is determined to satisfy :( Rt 1 , dt , d ) 0 using (A5). Similarly, the current default
probability S t 1 is written, using (A4), by
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With the realization of H t 1 , we obtain the next debt by
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Appendix 2: Data description
This appendix explains variable definitions and data sources for estimating fiscal
reaction function. Table A1 presents the basic statistics of our data.
Primary surplus to GDP ratio
We use the general government primary net lending/borrowing as shares of GDP
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from the IMF’s World Economic Outlook Database (2016 April).
Gross government debt to GDP ratio
We use the general government gross debt as shares of GDP from the IMF’s
World Economic Outlook Database (2016 April).
GDP gap
This variable is calculated by difference rate between actual GDP and potential
one.
Actual GDP is the gross domestic product evaluated by constant prices from the
IMF’s World Economic Outlook Database (2016 April) and potential GDP is
calculated using the Hodric-Prescott filter with the smoothing parameter set 6.25,
which value is recommended for annual data by Ravn and Uhlig (2002).
The formulation of GDP gap is the following; GDP gap

GDP  GDP trend
.
GDP

Government expenditure gap
This variable is calculated by difference rate between actual government
expenditure and potential one. Actual government expenditure is the general
government total expenditure from the IMF’s World Economic Outlook Database
(2016 April), which consists of total expense and the net acquisition of nonfinancial
assets. Potential government expenditure is calculated using the Hodric-Prescott
filter with the smoothing parameter set 6.25. The formulation of GDP gap is the
following; GOVE gap

GOVE  GOVE trend
.
GOVE

Inflation rate
We use inflation rate calculated as annual change of average consumer prices from
the IMF’s World Economic Outlook Database (2016 April). We take the average in
the previous three years of inflation rate.
Trade openness
Trade openness is calculated by sum of export and import to GDP and its data
source is World Bank’s World Development Indicators. We take the average in the
previous three years of the trade openness.
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Trend GDP growth
We make this variable as the growth rate of the potential GDP calculated above.
Current account balance
We use the current account balance as shares of GDP from the IMF’s World
Economic Outlook Database (2016 April). Current account is all transactions other
than those in financial and capital items. The major classifications are goods and
services, income and current transfers. We take the average in the previous three
years of current account balance.

Appendix 3: Sensitivity analysis of the estimated nonlinear fiscal reaction
function
This appendix examines the sensitivity analysis of the estimated nonlinear fiscal
reaction function
A: Robustness to different estimation methods in the case using the six control
variables and the sample for all countries
We examine the robustness of estimated nonlinear fiscal reaction function to
different estimation method for estimation 2 in Table 3. Table A2 shows the results.
Estimation 1 shows the same result as one in estimation 2 in Table 3, of which
method is the fixed effects equation with assuming AR(1) error structure. Estimation
2 shows the result of the random effect model with assuming AR(1) error structure.
Estimation 3 shows the result of the fixed effects equation with year effects included
and with assuming AR(1) error structure. Estimation 4 shows the result of the
estimation equation through pooled ordinary least squares method. Estimation 5
shows the results of the fixed effects equation without assuming AR(1) error
structure. Estimation 6 shows the result of the fixed effects equation with year effects
included and without assuming AR(1) error structure. We find that the non-linearity
is supported in each estimation methods. The Hausman test for fixed effects - random
effect is F 2 (9) equals 32.44 with p -value of 0.0002, which reject the
null-hypothesis that the preferred model is the random effect at the 1percent
significant level.
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B: Slope Homogeneity
We examine the slope homogeneity of each country. We add the country-specific
debt terms into the estimation equation for each country one by one. Estimation
equation is written as

sit

a1d it 1  a2 d it21  a3 d it31
 a1j d it 1 u dum j  a2j d i2,t 1 u dum j  a3j d it31 u dum j  ci  bX  uit ,
t 1 9 8,
5 ,2 0 1 ,

where indices i and

j denote each country.

Table A3 shows the results. For the countries excluding Greece, Ireland and
Japan, the null hypothesis of slope homogeneity cannot be rejected. For Greece and
Ireland, the joint significance test of parameter estimates indicates that those
governments do a statistically different fiscal response, but they have a cubic fiscal
reaction behavior. However, even if we exclude Japan data from our sample, we
obtain the cubic fiscal reaction function.

C: Robustness to different estimation methods in the case using the six control
variables and the sample for the countries excluding Japan
We examine the robustness of estimated nonlinear fiscal reaction function to
different estimation method for estimation 5 in Table 2. Table A4 shows the results.
Estimations we do are same as ones we do in Appendix 3A.
We find that the non-linearity is supported in the four estimation methods, but we
cannot find the relation of the non-linearity in the pooled ordinary least square
method and fixed effect model without assuming AR(1) error structure. The
Hausman test for fixed effects - random effect is F 2 (9) equals 18.85 with p -value
of 0.027, which reject the null-hypothesis that the preferred model is the random
effect at the 5percent significant level.
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Figure 1

Public debt and the nominal bond yield
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Non-stochastic images of debt dynamics
Figure 2A
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Figure 3 The scatter diagram with
the fitted value of primary balance and debt
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Fiscal reaction functions for samples
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Table 1

GDP growth rate and the bond yield

A. 23 countries average
1990-1999

2000-2009

2010-2015

2010-2015
(excluding GIPS*)

GDP growth

2.9

2.1

1.5

1.8

bond yield

4.7

2.1

1.7

0.8

Growth-adjusted
real interest rate

1.8

0

0.2

-1.0

Debt/GDP

69.4

67.0

90.2

82.3

*) “excluding GIPS” implies that 5 countries that had fiscal crises (Greece, Ireland,
Italy, Portugal, and Spain) are excluded.
B. Japan
1990-1999

2000-2009

2010-2015

GDP growth

1.5

0.6

1.3

bond yield

2.3

1.7

0.6

Growth-adjusted
real interest rate

0.8

1.1

-0.7

Debt/GDP

88.1

161.7

217.7

C. Average of 5 countries (Greece, Ireland, Italy, Portugal, and Spain)
1990-1999

2000-2009

2010-2015

GDP growth

3.2

2.2

0.2

bond yield

5.3

1.7

5.2

Growth-adjusted
real interest rate

2.1

-0.5

5.0

Debt/GDP

82.2

81.7

132.3

Table 2

Bond Yields for Different h and ȟ
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1

0.0
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-4.1
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1.0
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0.3
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3.1

2.0

0.9
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1RWHV 7KHGHSHQGHQWYDULDEOHLVWKHSULPDU\EDODQFHWR*'3UDWLR(VWLPDWLRQPHWKRGLVIL[HGHIIHFWV
PRGHOZLWKDVVXPLQJ$5  HUURUVWUXFWUH6WDQGDUGHUURUVDUHUHSRUWHGLQSDUHQWKHVHV

 DQG GHQRWH

VWDWLVWLFDOO\VLJQLILFDQFHDWDQGSHUFHQWOHYHOUHVSHFWLYHO\6RYHULHJQGXPP\WDNHVWKHYDOXHRQHIRU
IRXUFRXQWULHV *UHHFH3RUWXJDO,UHODQGDQG,WDO\ DQGIRUWKUHH\HDUV  DQG]HURRWKHUZLVH

Table 4

Debt limit, Yield limit and Default Probability

Table 4A
Hm
H ʻ0.05
m

H ʻ0.06
m

H m ʻ0.07

H m ʻ0.08

Table 4B

A=2.1%
H m ʻ0.08

Debt limit
T

A=2.1%

A=3%

A=4%

θ=0

252

238

218

θ=0.05

252

240

220

θ=0.08

254

242

224

θ=0

218

236

212

θ=0.05

221

236

214

θ=0.08

228

240

222

θ=0

246

230

202

θ=0.05

248

234

208

θ=0.08

252

240

220

θ=0

244

228

40

θ=0.05

246

230

200

θ=0.08

251

238

218

Debt limit, Yield limit, Default Probability
T

debt limit

yield limit

default prob.

θ=0

244

2.26%

1.3%

θ=0.05

246

2.40%

5.2%

θ=0.08

251

2.82%

28.2%

Table 5

Debt limits for 23 countries
Actual
debt

Projected debt limit

(1)

(2)

(3)

(4)

(5)

(6)

Debt
2014

A=2.1%

A=0.8%

A=0.8%
g (10-15)

A=0.8%
T 㸻0.05

A=0.8%
T 㸻0.08

243

249

Australia

34.1

240

250

Austria

84.2

230

240

Belgium

106.7

250

250

Canada

86.2

250

270

Denmark

44.6

240

250

Finland

59.3

240

240

France

95.6

230

240

Germany

74.9

240

260

Greece

178.4

220

40

Iceland

82.5

260

250

Ireland

107.5

260

290

Israel

67.1

260

280

Italy

132.5

230

220

Japan

249.1

40

Korea

35.1

270

280

Netherlands

68.2

250

250

New
Zealand

30.8

260

270

Norway

27.9

270

270

Portugal

130.2

40

Spain

99.3

240

210

Sweden

44.9

250

270

United
Kingdom

88.2

220

250

105.0

240

260

United
States

240

230

230

40

Table A1

Summary of statistics

Mean

Median

Primary surplus/ GDP

0.00061

-0.000045

-0.297

0.159

0.040

Government debt/GDP

0.634

0.577

0.082

2.445

0.354

GDP gap

0.000025

-0.00046

-0.067

0.054

0.014

Government
expenditure gap

-0.00056

-0.0015

-0.107

0.277

0.028

Inflation rate

0.052

0.026

-0.0079

2.747

0.172

Trade openness

0.667

0.618

0.162

1.920

0.310

Trend GDP growth

0.024

0.024

-0.059

0.101

0.019

-0.0036

-0.0057

-0.200

0.149

0.044

Current account/GDP

Minimum Maximum

Std. Dev.
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