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Abstract

Japan’s economy has been suffering from sluggish economic growth and recession since the early
1990s when the stock market bubble burst. Some economists, like Paul Krugman (1999) have
argued that Japan’s Great Recession exemplifies liquidity traps. Hence, policymakers are
struggling to stimulate aggregate demand using conventional monetary stimulus, such as
reducing short-term interest rates given to the zero lower bound constraint. From the classical
Keynesian viewpoint, the effective stimulus for liquidity trap is expansionary fiscal policy.
However, one of the major issues of the expansionary fiscal policy is that, even if it is effective in
alleviating economic slowdowns, it increases the government’s budget deficit and hence raises
the debt-to-GDP ratio. This thesis simulates the effects of fiscal and monetary policy by
employing a DSGE model built by Eggersson and Krugman (2011), a calibrated macroeconomic
model from Ball (2006) and a medium scale DSGE model based on Christiano et al. (2005) in an
attempt to investigate the effectiveness of fiscal and monetary policy. The main findings are as
follows. Fiscal expansions can suppress the increase in the debt-to-GDP ratio when the short-
term nominal interest rate is zero and the negative economic shock is temporary, due to its ability
of raising the inflation rate. With respect to the effectiveness of monetary policy, the simulation
shows that the monetary shocks still affect the economic variables and further stimulate the
economy even though the effects are not as significant as without the zero lower bound

constraint on nominal interest rates.
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CHAPTER |

Introduction

1.1 Background

Liquidity traps can be broadly defined as phenomena in which an increased money supply fails
to lower interest rates. In a liquidity trap, bonds are nearly equivalent to cash due to low or close-
to-zero short-term nominal interest rates which result in conventional monetary policies have no
effect on stimulating economic growth. Liquidity trap literature is typically linked to Keynes
(1936) and Hicks (1937) who firstly proposed that there was a positive floor to interest rates. This
floor can be interpreted as a shift in Keynes’s model, in which the long—term interest rate is
related to opportunity costs in money demand, with the expectation that long-term rates are
inelastic. In an IS-LM model, a monetary expansion has no effect on equilibrium interest rates
and output while fiscal expansion increases the level of output without changing interest rates.

'|T.l'n "|I,I'| I'TIr
FIGURE 2.1 THE LIQUIDITY TRAP DIAGRAM

However, in the 1930s and 1940s, many neoclassical economists have pursued the solution of
mitigating the effect of liquidity trap conditions. Such as Patinkin (1948) and Metzler (1951), they

referred to the hypothesis that the incentive of output and employment that resulted from



inducing consumption due to an increase in real balances of wealth so called “Pigou effect”, in
which the “wealth effect” would self-correct the economy to falls in aggregate demand through a
rise in current real balances. As a result, stimulate the economy by conducting monetary policy
would be possible even in liquidity trap conditions. In addition, modern monetary theorists such
as Friedman, Schwartz, Meltzer and others argued that monetary policies such as quantitative
easing, publicly committing to nominal income targets and charging on excess bank reserves
could be effective even when the economy is in a liquidity trap. In their view, liquidity traps are
more related to low nominal GDP growth rather than low inflation and they doubted whether
liquidity traps really existed as any interest rate different from zero could be a sufficient condition
to obviate the existence of a liquidity trap.

Nevertheless, a period of prolonged slumps in Japan led to a revival in liquidity trap theory at
the end of the last century. After the collapse of asset price bubble burst in the early 1990s,
Japan’s economy experienced a deep prolonged slump and deflation so called “lost decade”. Real
GDP growth unceasingly dropped, from a peak of 6.8% in 1988 to -0.5 in 1993(Figure 1.2),
averaging 1.0% per year during 1991-2002, compared to the G7 average of 2.4%. Krugman (1999)
holds that Japan’s Great Recession is an example of a liquidity trap. A slump in anticipated growth
rate caused a large imbalance between saving and investment which in further led to a negative
real interest rate. Moreover, expectations of inflation are low due to the belief that central bank
will take action against inflation, as a result, the monetary stimulus fails to reduce the real

interest rate enough far to recover the economy.
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FIGURE 1.2 REAL GDP GROWTH OF JAPAN (ANNUAL PERCENTAGE CHANGE)

Source: International Monetary Fund

The concept of liquidity traps in the 1990s mainly referenced the presence of zero interest rates,
since it was believed that interest rates could not drop below zero as banks would hold onto cash
instead of paying a fee to deposit it. However, this no longer holds true since liquidity traps again
occurred in the wake of the 2008 financial crisis and ensuing Great Recession, especially in
western economies. In 2009 and 2010, Sweden and, in 2012, Denmark instituted negative
interest rates to stem hot money flows into their economies. The European Central Bank in 2014
resorted to a negative interest rate policy that only applied to bank deposits to prevent European
economies from economic stagnation. Further, the Bank of Japan (BolJ) followed in January 2016,
employed a negative interest rate policy in which the central bank charges commercial banks a
fee of 0.1 percent on a portion of their excess reserves intended to lift consumer prices and
mitigate the effects of the recession. Therefore, a liquidity trap currently refers to the
circumstance in which the nominal short-term interest rate is at or near zero, and is otherwise
known as the Zero Lower Bound Problem.

The classic Keynesian response to a liquidity trap is fiscal expansion. In a textbook IS-LM
model, expansionary fiscal policy leads to higher aggregate demand and economic growth and
creates inflation as well as shown in Figure 1.2. The main debate about the effectivity of fiscal
policy is on crowding out. Monetarists reject conventional wisdom that government borrowing
doesn’t increase overall economic activity and would push up interest rates and in further
resulting in crowding out private sector investment. Keynesians respond by arguing that an
increase in government spending would not cause crowding out effect in a liquidity trap because
there is no change in the interest rates associated with the change in government spending,
therefore no investment cut off. On the opposite, in a liquidity trap, the excess increase in savings
indicates that instead of being invested the private sector resources are being saved, hence by

encouraging economic activity the private investment would be “crowded in”.
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FIGURE 1.3 CLASSICAL SOLUTION FOR A LIQUIDITY TRAP

However, there are two main reasons that make fiscal expansion a hesitant decision for Japan’s
policymakers. The first reason is Japan’s severe fiscal deficit issue. The pattern depicted in Figure
1.3 shows national government debt undergoing severe deterioration, government debt as
percentage of GDP has been growing constantly and sharply since last 1990s. It rose from 66.9%
in 1990 to 157% in 2003 and is continuously climbing. At the end of 2020, the general
government gross debt ratio reached around 266.2% of GDP. Compared to other major advanced
economies (those of the G7), Japan’s general government gross debt is twice more than the
major advanced countries average and about 100% more than the second worst country, Italy.

More recently, given that economic activity and prices are projected to remain under
downward pressure for a prolonged period due to the unpredictable impact of COVID-19, forcing
the Japanese government to implement a series of emerging economic packages to stimulate the
economy since February 2020. This extra government spending is likely to exacerbate the

country's fiscal deficit further.



IMF DataMapper General government gross debt (Percent of GDP)
300

200

100

0

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
@ Advanced economies @ Japan @ Canada @ France @ Germany @ Italy @ United Kingdom @ United States

@IMF, 2020, Source: World Economic Qutlock (October 2020)

FIGURE 1.4 MAJOR ADVANCED ECONOMICS (G7) GENERAL GOVERNMENT GROSS DEBT AS

PERCENTAGE OF GDP

The second reason is the debate on the effectiveness of expansionary fiscal policies. Unlike
most of the other advanced economies in which the fiscal stimulus packages were adopted after
the global great recession in 2008, the Japanese government had implemented substantial fiscal
stimulus since 1992 including a large policy tax reduction and changes in public investment.
Nevertheless, the fiscal stimulus policy of the 1990s failed to return the economy to earlier pace
of growth and achieve continuing positive inflation. Japan’s experience in the 1990s is cited by
some economists as an empirical evidence of fiscal ineffectiveness. For instance, Morsink and
Bayoumi (2001), Miyazaki (2009) argued that the effect of fiscal stimulus on output that adopted
by Japanese government is limited.

Whereas, in the debate over the effectiveness of fiscal policy, there is another hypothesis that
the economic decline would have even deteriorated without fiscal stimulus package. Kuttner and
Posen (2001) estimated multipliers for fiscal policy in Japan and found that fiscal stimulus is not
as harmful as policymakers think. This idea was further alluded to in Krugman’ paper (1998),
which proposed that expansionary fiscal policy could effectively help Japan’s economy get rid of
liquidity trap.

In addition to the debate about the feasibility of fiscal policy, some literature has put forward

5



unconventional monetary policy ideas such as quantitative easing, forward guidance, and
collateral adjustments to cope with economic crisis that caused by liquidity trap. One of the more
discussed unconventional monetary policies is quantitative easing (QE), which aims to reduce
long-term interest rates by purchasing long-term securities and paying for them by increasing
reserve balances. Empirical evidence suggests that QE has indeed been effective. For instance,
Gagnon, Raskin, Remache, and Sack (2010) present an event-study of QE that documents large
reductions in interest rates on dates associated with positive QE announcements. Swanson (2010)
shows confirming event study evidence from the 1961 Operation Twist, where the Fed/Treasury
purchased a substantial quantity of long-term Treasuries. Although the effects of QE have been
empirically confirmed, its transmission mechanism is less clear. The literature has concentrated
on two main channels of transmission. One is a signaling channel, which works through lowering
market expectations about future policy rates (Bauer and Rudebusch (2011), Christensen and
Rudebusch (2012)). Another is a supply-induced portfolio balance channel arising from
reductions in the supply of the purchased asset available to market participants (Gagnon et al.

(2011), Krishnamurthy and Vissing-Jorgensen (2011)).

1.2 Purposes

This research aims to examine the effectiveness of fiscal and monetary stimulus when the
economy is chronically trapped in a liquidity trap by employing three different approaches based
on Ball (2006), Eggersson & Krugman (2011) and a classical medium scale DSGE model.

The first model uses a standard classical IS-LM framework in which the assumptions and value
of parameters came from Ball (2006) and Jinushi, Kuroki and Miyao (2002), with data based on
the circumstances of Japan’s economy in 2003 to explore the effect of fiscal expansion on
economic recovery under a zero lower bound condition. Furthermore, to investigate the
robustness of fiscal expansion under the various circumstances, the initial data is updated to
2013.

The second approach considers a generalization of a dynamic general equilibrium model (DSGE)
with both “impatient” agents and “patient” agents at each point in time in an environment of

low interest rates and deflationary pressures. Different from the chapter Il, the natural interest
6



rates are assumed as an endogenous valuable in the model and the interest rate transmission
mechanism caused by the deleveraging shock can be clearly observed through the model.

The last approach employs a medium scale DSGE model with sticky prices, sticky wage setting
and adjustment costs of investment to investigate the impact of monetary shocks. The monetary
policies are assumed to be two types, one follows typical Taylor rules and another one is money
growth rule. Furthermore, to analyze the effectiveness of monetary policies under the ZLB
constraint, | employ Holden and Paetz’s (2012) algorithm (the HP algorithm) to deal with the ZLB

condition and compare it with the result without ZLB constraint.

1.3 Related literature

1.3.1 Studies on effects of fiscal and monetary policy in Japan

On the issue of fiscal policy for Japan’s economic recovery, Kuttner and Posen (2001) found that
the fiscal policy had significant expansionary effects on macroeconomic activity in Japan. The
results of their paper indicate that tax cuts have mainly been associated with spending increases,
and GDP generally increases by more than twice the amount of the spending and tax impact.
Furthermore, spending shocks in Japan have had smaller effects than tax cuts but have been
more consistent: the four-year cumulative effect of a 10% spending shock is nearly 33%. Thus,
fiscal expansion in the form of both tax cuts and of spending increases on public works is
effective. Even if Ricardian effects are present, they are not large enough to neutralize the effects
of fiscal stimulus even in a country like Japan with a rapidly rising public debt.

However, some literature argues that fiscal policy generates limited effects on boosting the
Japan’s economy. Perri (2001) built a DSGE model for the case of Japanese economy and found
that the net fiscal expansionary effects were not significant. This idea was further alluded by
Iwata (2009), who employed a medium scale DSGE model to investigate the effectiveness of fiscal
stimulus. His research indicated that the government spending indeed had a positive impact on
output but only had appeared in a short term.

For discussions on how monetary policy should best be used in response to liquidity trap,

Bernanke and Gertler (1999) imply that inflation-targeted monetary policy will deliver the desired
7



results. Seeing as money, unlike other forms of government debt, pays zero interest and
possesses infinite maturity, money can be issued as much as necessary and the created money
could be used to acquire indeterminate quantities of goods and assets. Bernanke (2000) further
suggests that numerous aggressive policies, including targeting long-term interest rates, currency
depreciation, an inflation target of 3%-4%, and a money-financed fiscal expansion.

Reischneider and Williams (2000) use the FRS/US model with aggregate demand growth,
inflation rate growth and a zero lower bound Taylor rule in order to quantify the bound’s effect
on macroeconomic stability. Their simulations demonstrate that in a low inflation scenario, if
policy follows the Taylor Rule, the zero bound could constitute a substantial constraint on policy.
In addition, they disagree that the zero bound has a significant impact on inflation variability,
even with a 0% inflation target. Krugman (1998) studied Japan’s experience and argued that even
when nominal interest rates are zero, monetary policy can still affect long-term real rates, and
hence aggregate demand and output. Moreover, Jinushi, Kuroki and Miyao (2000) examined a
time-series analysis using Svensson’s (1997) model of inflation forecast targeting to demonstrate
that Japanese monetary policy of the late 1980s destabilized the real economy and unnecessarily
intensified business fluctuations. Hence, they suggest that instrument independence should be
avoided and that a flexible framework which allocates proper consideration to output stability is

advisable.

1.3.2 Review of the determination of optimal monetary policy

Before presenting the estimation models, this subsection reviews the question of how central
banks can implement optimal monetary policy in order to maintain economic stability. The
mainstream manner by which central banks conduct policy does not focus on achieving a target
growth rate for money stock, but on changing the short-term nominal interest rate in response to
various disturbances. Taylor rules are simple monetary policy rules proposed by Taylor (1993)
that prescribe how a central bank should adjust its regular interest rate policy in response to
changes in inflation, output and other macroeconomic activities. More precisely, the Taylor
Principle explicates how, each one percentage point increase in inflation should be met by central

banks with a greater than one percentage point increase in the normal interest rate. Taylor’s
8



proposed rule is linear both in inflation and the output’s percentile departure from its natural
rate.

i—m =a+ b, + c(InY, — InY) (1.1)

Assuming 7 is the real interest rate which is constant over time, and prevails when Y; = Y, then
the formula is equivalent to
i—m, =7+ b(m, — ") + c(InY, — InY) (1.2)

Where t* = (7 — a)/b. So as to respond to the situation in which inflation and output exceed
their targets, the central bank should increase the real interest rate above its long-run
equilibrium level.

Due to their flexibility and wide range of alternative monetary policies, Taylor rules have been
used to examine a variety of policy schemes, including money growth targeting and inflation
targeting.

On the question of how inflation, output and the natural rate should be measured, Orphanides
(2003) considers the case for applying the basic Taylor rule with Taylor’s coefficients to data on
inflation and output. He estimates ¥, which was available to policymakers in the 1970s.

Moreover, Svensson (1996) and Ball (1997) consider proposals concerning policy strategies
which are available for analysis. Ball (1997) considers several implications of monetary policy
using Taylor rules.

The economy is described by two equations:

The aggregate demand equation:

Ve = —Bre—i+ pye_1 +&f, B>00<p<1 (1.3)
where y; is the gap between output and potential output, r is the difference between the real
interest rate and its equilibrium level. The natural rate of output and the long-term real interest
rate are assumed to be zero.

The aggregate supply equation:

My =M 1+ay,_1+¢&, a>0 (1.4)
where 7, is the difference between inflation and its average level. e?and &f are shocks that
engender disorder for aggregate demand and aggregate supply, and are assumed to be
independent from each other.

The aggregate demand equation conveys that output is negatively affected by the previous
9



period’s real interest rate. The aggregate supply equation states that a change in inflation is
positively affected by the previous period’s output. Due to lags in policy effects, a change in the
real interest rate could not impact output until the following period and hence would not impact
inflation until the period after that.
The interest rate affects the economy because it determines the expected output for the
following period, taking the expectation of y in period t and m in period t+1:
E¢[yes1] = =Bre + py: (1.5)
E[nepl =+ ay, (1.6)
Furthermore, the paths of inflation and output are dependent on E¢[y;41], E¢[s41] and future
shocks. Thus, optimal policy takes the formula:
E[yes1] = —qE[mesa] (1.7)
where the value of q is to be determined.
In period t+1, aggregate demand can be written as:
Ves1 = —B1e + pye + &fiy (1.8)
Taking the expectation for the squares of both sides of aggregate demand in period t+1, and
since E;[eP,1] = 0, it yields
Et[yes1] = =B + py: (1.9)
Substituting (1.8) into (1.9):
Ves1 = Eelyes] + &b (1.10)
Similarly, in period t+1, the equation for aggregate supply can be written as:
Mep1 =T + aYe + E04q (1.11)
Taking the expectation for the squares of both sides of aggregate supply in period t+1, and
E:el,1 = Oresultsin:
E[nepi]l =m0 + ay, (1.12)
Substituting equation (1.12) into (1.11):
Mo = Ee[mepa] + €84q (1.13)
Equation (8) and (11) imply that in period t, y; and ; equal:
Ve = Eealy) +ef, mp=Eelm] + ¢ (1.14)
Substituting y; and m; into (1.12):

E¢lmtesq] = Eeoq[me] + aEe_q[ye] + &8 + agp
10



Furthermore, from equation (1.7) we know that: E,_;[y;] = —qE_.[m,] substituting this into

equation (1.14):
Emeq] = (1 — a@)Ee_q[m] + &f + agf (1.15)
Taking expectations for the squares of both sides of (1.8):
E[(Eelme1D?] = (1 — aq)?E[(Ei—1[m:])?] + 02 + a?af
02 and g3 are the variances of €2 and 7. In the long run the distribution of E,_;[m,] will remain
constant over time and independent of the economy’s initial conditions. Therefore, the
expectations of (E;[m;41])? and of (E,_[m;])? are equal. Thus,
E[(E[mer1D)?] = E[(Ee-qlme])?]

= (1 - aq)?E[(E;—1[m])?] + 02 + a?0}

E[(E, )] = B[(r, — )] = 220 (1.16)

Given that T, = E;_[m;] + &, the expectation for E;_[m;] can be written as:
E[n?] = 0¢ + E[(Ee—[m])?] (1.17)

Substituting (1.16) into (1.17):

02 + a’ap
E[n?] = ————2 + g2 1.18
[T[t] aq(z_aq)—l_o-s ( )
Similarly, as v, = E;_1[ye] + €2, E,_1[y:] = —qE;_,[m;] and given that the mean of y is zero

and y™ is the preferred level of output. Then,

E[(y —y)4 =y"? + qE[(E;—1[m])?] + 03

02 + a?c?
s D 452 (1.19)

*2 2
— 4
aq2—aq) P

=y +q
To find g which minimizes E[(y — y*)?] + AE[rn?] where A is a positive parameter reflecting

the relative weighting placed on inflation. Substituting (18) and (19) into E[(y — ¥*)?] + AE[n?]:
2 2,2

os +a“op 2
—— 405+ 1
2q@—ag) TP A

2 2 2,2

2, (@ +D(o5 +a‘op) , 2
=y* + of + Ao
Y aq(2 - aq) P

Differentiating the above function with respect to g:
d(E[(y — y")?] + 2E[nf])

dq

02 + a’op 2)

E[(y -y + AE[n?] = y** + ¢? 2q2—ag) %

=0 (1.20)

One solution can be excluded with:

d(E[(y =y + 2E[n?]) _ 2a(q® + adq — 2)(6Z + a®ap)
dq - (2aq — a?q?)?

11



Since a> 0,02+ a%5>0 and (2aq—a?q?)?>0 then, in order to make

—1%)2 2
dE =y 1B _ 0, g% + aAq — A must equal to zero.

dq
+VazA?z + 41 — ar
q = . (1.21)

Because a negative q causes variation in y and r to be infinite, the remaining solution is

Vazl? + 44— al
q* = . (1.22)

Equation (1.22) demonstrates how the optimum level of q varies with respect to 4, and how
much weighting the central bank places on stabilizing inflation. Because q* is directly
proportional to A, equation (1.22) implies that as the central bank allocates a greater weighting

to inflation stability, output further deviates from its natural rate level in order to return inflation
. . . o » 1 .
to its optimal level. In addition, when A approaches infinity, g*approaches o If policy takes

advantage of this relationship between 1 and g*, inflation can quickly be brought back down to
zero following a shock. Even if the central bank is only concerned with inflation, this measure will
ensure output remains close to its natural rate level so as to protect against sizeable movements
in inflation.

In determining exactly how central bank policy take into account the interest rate, Ball (1999)
claims that optimal policy can be explained as a form of inflation targeting and hence follows

Taylor rules, since, E¢yq[mi12] = (1 — a@)E¢[mepq] + 541 + aclyq, E¢[mes,] is equal to(1—
aq)E.[m;,,1]. Because q is between 0 and %, (1 — aq)is hence between 0 and 1 and therefore,

this form of expected inflation can be expressed as:

Ei[mevo]l = PE[me44] (1.23)
where ¢ is between 0 and 1. Given the range of g, this expression can range from zero to one.
Equation (1.23) is a partial-adjustment variation on an inflation target, implying that the more the
central bank is concerned with inflation, the faster it can undo changes in inflation.

It makes sense that a partial-adjustment rule would constitute optimal policy. Policymakers try
to return inflation to its target level, but in changing inflation, they face the problem of a
deviation in output. Since policymakers who value the output stability attach little value to the
parameter g, equation (1.23) implies that they gradually adapt inflation to bring it closer to its

target level and as the variance of inflation increases, the variance of output decreases.

12



In addition, Ball (1999) proposes that inflation target is an efficient policy, based on the premise
that inflation target allows partial adjustment.
As Ei Vi1l = =B1e + pVe, Et[Ye41] = —qE:[m41], the following relationship can be obtained:

1
T = E(P% + q"E¢[mei4])

*

= ”*F#yt + L (1.24)

This equation is a Taylor rule: it shows that the real interest rate responds positively to output
and inflation, and does not rely on any other variable.

However, many economists advocate nominal-income targeting. Economists like McCallum
(1993) and Hall and Mankiw (1994) suggest that a policy featuring nominal GDP targeting would
engender a better outcome and more stable output than is possible with inflation targeting. In
Ball's paper (1999), this conclusion is not reached, instead he argues that policy targeting
nominal income is grossly inefficient.

Income-growth policy minimizes variance in income growth, taking the assumption that
expected income growth for the next period is equal to a fixed target. Since this type of policy
affects output with a period lag, income growth in one period can hence be influenced.
Furthermore, in deviating from the trend, income growth is the sum of output growth y,,; — y,
and inflation m;, 1. Therefore, this policy can be defined by:

Elyty1 =y + 41l =0 (1.25)

Substituting equation (1) and (2) into (24):

E[yes1 =y + Tepa] = E[=Bre + pye + €8i1 — ye| + E[m + ay, + £f14]
=E[-Br + (p — Dy, + el + Elm + ay, + 8111 =0

Since E[yt11] = —=B1e + pye, E[mey1] = e + ay,

Thus, the value of r can be derived as:

A—-1 1
e = (%) Ve + ETEt (1.26)

Even though the output coefficient need not be positive, this policy is a Taylor rule variant.
Equation (1.26) implies that the interest rate rule dictates how output and inflation behave.
Substituting (1.26) into (1) yields:

yve=0-a)y; s —mq + & (1.27)

Utilizing equation (1.27) and the Phillips curve (1.2) to define a vector AR-1 process for output
13



and inflation yields:

Y=CY,,+E (1.28)
whereY = [y ], E = [P £]]', C is a 2x 2 matrix with elements ¢c;; = 1 —a,¢;, = —1,¢5; = a
and ¢y, = 1.

The eigenvalues for C come from solving:

iy — 4 C12 | —0
21 €z — A

Substituting the value of each element into the above equation:

|1—Z—/1 1__1,1|=0

Thus, the eigenvalues satisfy:
/11+lz=tT'C=2—a, Allzzlclzl
Solving the value of 4; and 4, :

A_Z—oci\/az—éla
- 2

The behavior of y and r is determined by the eigenvalues for C. If @ < 2, the eigenvalues are

complex and lie on the unit circle. If @ > 4, one eigenvalue is less than —1, so then the processes
involved are explosive. Hence, output and inflation are unstable and their variances are infinite.
This analysis proves that nominal income targeting is disastrous and highly inefficient.

However, this analysis fails to account for two relevant issues. Firstly, the tradeoff between
output and inflation may fluctuate with the pace of adaptation. Secondly, the analysis pays no
attention to the problem of possible parameter unpredictability. Rather, the model provides a

way of analyzing which factors policymakers should consider and the optimal monetary policy.

1.3.3 Overview of Japan's monetary and fiscal policy responses to recession

1.3.3.1 Japan's monetary policy responses to recession

In response to Japan’s recession, the monetary strategies adopted by the BolJ can be

generalized as zero interest-rate policies and quantitative easing. According to the specific

practices of policy operations, the recession can be divided into certain distinct periods:
14



1. The zero interest-rate policy period (1999.2-2001.3)

To combat economic stagnation and serious issues with bad debt, in February 1999, the BOJ
implemented what was equivalent to a zero interest-rate policy. Furthermore, the BOJ governor
announced that the zero rate will remain policy at least “until deflationary concerns subside”. In
2000, this policy was working and the economy experienced brief signs of recovery, however,
after 2001, Japanese economy was not continuing to recover but shockingly began deteriorating
significantly. The consumer prices index (CPl) was down to -0.7 and the 2002 GDP growth rate to -
0.3. The bank’s capital losses soared and companies’ equipment investment declined. To prevent
further deterioration of the economy, the BOJ decided to cut the official discount rate from 0.5%
to 0.355%.

2. The “quantitative easing” period (2001.3-2006.3)

In March 2001, The BOJ decided to adopt looser monetary policy. The specific measures
included: (1) Changing the monetary policy target from interest rates to money supply overnight,
in particular, targeting the outstanding balance of banks’ current accounts of held at the BoJ and
increasing financial institutions’ deposit account surpluses through open market operations to
increase money supply and provide the market with liquidity. (2) Raising the central bank’s
current account from 4 trillion to 5 trillion yen. (3) Continuing to implement loose monetary
policy until the CPI registers a stable zero percent or at least a year on year increase.

3. A temporary exit from the zero-interest rate and quantitative easing policy (2006.3-2008.12)

In 2005, Japan’s macroeconomic performance was looking good, it grew more than 5% in three
of the year’s quarters, higher than the rate in the United States and the European Union for the
same period. The core consumer price index was also growing from November 2005 onwards,
the Japanese economy temporarily exited its deflationary state. As a result, in March 2006, BOJ
announced an end to its five-year-old quantitative easing policy. Furthermore, in July 2006, the
BOJ announced that the zero interest rate policy was to end and raised the benchmark interest
rate to 0.25%.

4. The return of the zero-interest rate and quantitative easing policy (2008.12-2016.1)

In 2008, Japan’s economy failed to sustain its momentum of growth from 2005, achieving
negative growth at a rate of 1.6%, while the domestic CPI index further remained at a low level.

In the context of the global financial crisis, the BOJ cut interest rates again, this time to 0.1% and
15



encouraged the uncollateralized overnight call rate to stay below 0.1%, in effect adopting a zero
interest rate policy once again.

5. The negative interest rate policy period (2016.1-)

In January 2016, the BOJ took the unexpected decision of introducing negative interest rates in
a fresh bid to spur lending and investment. The BOJ joined the ECB, Denmark, Sweden and
Switzerland as the only central banks pushing interest rates below the zero bound.

From the practice of monetary policies in Japan, this is not a surprise since the BOJ began its
zero-bound policy in 1999, although it continuously adjusted its basic approach, it had since
maintained a substantive zero-bound policy and quantitative easing until the BOJ introduced
policy below the zero bound.

The BOJ's monetary policies are mainly concerned with three effects: first of all, the asset
allocation rebalancing effect; the central bank provides non-interest-bearing assets which have a
high level of security for financial institutions, expecting that financial institutions could actively
use them for loans, bonds or securities investments in an effort to comprehensively stimulate
enterprise production and household consumption. Secondly, the expectation effect; the
increase in money invested is likely to give rise to economic revival, helping people shake off
long-term gloom. Thirdly, the announcement effects; the government promises to keep constant
zero bound and quantitative easing policies for a prolonged period. According to the theory of
interest rate term structure, long-term interest rates are equal to the average short-term interest
rate forecast plus a risk premium. Thus, in accordance with the government’s promise, reducing
the long-term interest rate forecast and interest rate risk reward would further diminish long-
term interest rates, thereby realizing the goal of raising asset prices and promoting both
production and household consumption.

6. Special countermeasures for COVID-19 shocks (2020.6-)

To counter the impact of unpredictable recession caused by COVID-19, BoJ has implemented
the following monetary stimulus policies:

First, BoJ announced to apply a negative interest rate of minus 0.1 percent to the Policy-Rate
Balances in current accounts held by financial institutions at the Bank of Japan and purchase a
necessary amount of Japanese government bonds (JGBs) without setting an upper limit so that

10-year JGB yields will remain at around zero percent, aiming to provide more monetary liquidity
16



and stimulate the economic recovery.

Further, BoJ continues with “Quantitative and Qualitative Monetary Easing (QQE) with Yield
Curve Control”, intending to achieve the price stability target of 2 percent. The expansion is
expected to be consistently applied until the year-on-year rate of increase in the observed
consumer price index (CPI) exceeds 2 percent and stays above the target in a stable range.

In general, Japanese monetary policies after the economy collapsed in recession were not as fit-
for-purpose as hoped, especially because before the bank’s bad debts were figured out, a
significant amount of excess reserves did not enter the lending market. However, although the
expected effects were not well achieved, monetary policy implementation did succeed in
stabilizing expectation. Moreover, the announcement effects played a role in keeping the interest
rate on 10-year treasury bonds below 2%, lowering the expectation for long-term interest rates.

These policies have prevented the Japanese economy from sliding further into its liquidity trap.

1.3.3.2 Japan's fiscal policy responses to recession

In response to the recession, Japan’s fiscal stimulus policies were mainly focused in two
periods: August 1992 to September 1995 and April 1998 to October 2000.

Given the severe economic downturn during the period from 1990 to 1995, the Japanese
government began announcing fiscal stimulus packages including a sizable tax reduction to
against the low pace of the real GDP growth rate in 1992. The magnitude of the stimulus efforts
with the effect of the depression on tax revenue can be observed in the increase in government
debt, which has climbed as much as twice as a share of GDP over the 1990s. In the phase of fiscal
expansion, the government focused the expenditure effort on public investment with a majority
of the announced spending for infrastructure projects. The tax policy was less bold until later in
the 1990s. In 1994, the government announced an expansionary stimulus including a large tax
reduction policy resulting in the reduction of income taxes by 5.9 trillion yen. This losses in
revenue were anticipated to be made up by higher value-added taxes (VAT) in the future. As a
result of the expectation of higher future consumption taxes, a short-run stimulation achieved—
output growth averaged 4.5 percent at an annual rate in the two quarters preceding the VAY

increase.
17



After 2000, due to the skyrocketing financial deficit issue, the further fiscal expansionary policy
was waived. As the economy started to observably recover since 2006, sharp cuts in government
spending and a recovery in revenues have resulted in a sharp narrowing of the deficit.

Key measures include additional loan support for companies and business, financial support for
healthcare system and consumption promotion campaign. The total scale of the package

announced on 7 April 2020 is 117 trillion yen which is equivalent to 22 percent of the GDP.
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CHAPTER I

Analysis on the fiscal policy for Japan’s recovery: Ball’s (2006) approach
2.1 Introduction

This chapter will investigate the effects of the expansionary fiscal policy in a liquidity trap and
predict Japan’s economic trends by using a calibrated textbook-style macroeconomic model
designed by Ball (2006) and the data collected for 2003 and 2013. The first section of the chapter
derives the model employing standard IS-LM equations. Section 3.2 calibrates the parameters of

the model while section 3.3 presents the results of the simulation. Section 3.4 concludes.
2.2 Model

First of all, consider a dynamic IS curve:

=¥ _, [(Yt_l ~ ¥
Yi Y

Gt—l
Ve

] =By —ri_))+ 6 (2.1)
1>0,>0,6>0

where Y is real output, Y"is potential real output, assumed to grow by g percent per year and

Ye=YD)

- is the real output gap. r;is the real rate that equals to i; — m; according to the Fisher
t

|”

effect, where i, is the normal rate and 7, is inflation. r{ is the “neutral” interest rate. G is the real
transfer from the government; the nominal transfer is PG where P is the price level. Equation
(2.1) explains that the output gap is determined by the lagged gap, the lagged real interest rate
and lagged transfers.

Equation (2.2) is an accelerated Phillips curve. The inflation rate is determined by:

Yi—1—Yi_
e = it + [ i)

Yioq

a>0 (2.2)
where 7{ is expected inflation and permanently equals 7;_; unless the inflation is negative.
When 1,_; is negative, f is 0, which means the level of inflation is determined solely by output.
Equation (2.2) explains that this year’s output has no effect on this year’s inflation. The price level

is given by
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Po=1+m)P, (2.3)

From equation (2.1), (2.2) and (2.3): Y;_; determines r;, and mr; determines P;. To finish the
model, | follow the assumption of Ball (2006), assuming that the BoJ chooses a target interest
rate il, and follows a Taylor rule, which is that there is dependency on the output gap and
inflation until the interest rate hits zero. Let potential output Y* be the BOJ’s real output target

and * be the inflation target. The nominal interest rate target i! is captured by:

(Ye1 — Yeo1)

" +b(n,—7m*), a>0,b>0 (2.4)
Yt—l

ir'=r"+m+a [

The central bank sets the interest rate target i = 0, if the right-hand side of equation the above

equation is negative, and sets it as if if i is positive. With positive policy parameters a and b, the

BOJ reduces the interest rate target when output falls below its target level, and raises the

interest rate target if inflation rises above its target level. The real interest rate i; is determined

by the supply and demand for money. The central bank controls the stock of base money by
conducting open market operations and the demand for base money is given by:

(MO
n Pth = Yit

Y~ exp(k - iy)
P.Y,
y>0,ip=>0 (2.5)
Let M; be the high-powered money supply, money supply has effect on the interest rate i; and
so the real interest rater;, which taking into consideration equation (2.1), (2.2) and (2.3)

respectively, affects next year’s output, inflation and the price level.
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FIGURE 2.1 MONEY DEMAND AND MONEY SUPPLY

The real interest rate i is determined by the intersection of the Md/PY curve and the vertical
M/PY line. When M/PY=0, the central bank increases M/PY, the vertical M/PY line shifts right in
Figure 2.1 and the intersection i falls below the Md/PY curve. Thus, M/PY effects the intersection

i until i hits zero. The value of i, is given by:

M
k—In—=t-
. PtY .
ip = —", i =0 (2.6)

and to obtain i; = 0, the M/PY is given by:

M . .
?;t =exp(k —yi;), i;{=0 (2.7)

To make iy = 0, the value of:—; must equals exp(k). For any;‘/l—;larger than exp(k), iy will
tit tit

remain at 0, because lenders will not lend when i; is below zero. Thus, the central bank adapts
the real money supply M, using open market operations to make the real interest rate i; equal
the interest rate target i .

The money supply equation can be described by:

M, =M, 1+ Z, (2.8)

where Z; is central-bank purchases of government bonds. When Z; is below zero, it means that
the government sells bonds.

Ball (2006) neglects the separate balance sheets of the government and central bank because

Japan’s fiscal problem is measured using privately held debt, which is not included in the debt
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held by the BOJ. The nominal debt D; is given by:

Dy =Dy_q +it-1Deq + PGy — Z; — O(P Y, — P YY) (2.9)
The nominal debt consists of four parts: the past debt’s interest payment; current nominal
transfers; open market purchases and the government’s primary surplus in the absence of
transfers, which is assumed to be zero when output equals potential output. It ignores the

situation when the government’s primary surplus is negative.

2.3 Calibration

In the Phillips equation, the value of the Phillips curve slope a is 0.2, which is estimated based
on the BOJ’s study.

In the interest rate target equation, to decide coefficients a and b, the Taylor rule implies that
the purpose of policy is to let inflation return to its target level at a fixed rate. Thus, in choosing
coefficients a and b, one must assume that inflation closes in on its target at a pace of 50% each
period. As the result, a=1.1, b=2.5. The inflation target " is assumed to be 2%, which is in
accordance with most countries’ targets.

In the money-demand equation, the interest rate semi-elasticity y is 0.1, based on the work of
Jinushi, Kuroki and Miyao (2002). The parameter k is set to In (0.1), based on historical evidence
using Japanese economic data from 1993 to 2003. In 1998, when the interest rate became zero,
the monetary base’s value was 0.1, thus k = In (0.1).

In the debt equation, the primary surplus’s effect on output 8 is 0.25, which also comes from
Kuttner and Posen’s estimates.

There is a discussion on the value of Japan’s neutral real interest rate. As Ball’s perspective, the
neutral real interest rate r* is usually negative but will remain so in perpetuity. In the early 2000s,
the real interest rate r was 1%, but output Y was far below its potential rate Y* . As r* makes
Y = Y”* when there is no fiscal expansion, this implies that r* must be below 1%. To satisfy the
situation when output remains at a low level, Ball assumes an initial r*of -2 percent, which
means r —r* = 3 percent and the initial output gap will be -7.5 percent which satisfies the
condition. However, r*will not remain negative forever. The fall in r*in the 1990s caused the IS

equation to shift in and demand to rise. The end result was economic recovery, the IS equation
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returning to its natural position and r*finally becoming positive. Therefore, | assume r* to

eventually rise to +2 percent, and that this linear progression -2% to +2% will occur over ten years.

Parameter Value

IS

B 1
A 0.6
6 1.25
0 0.25
Phillips Curve

a 0.2

Interest Rate Target

a 1.1
b 25
Tt 0.02

Money Demand

Y 0.1

k In(0.1)

Potential Output
g 0.02

Neutral rate

r -0.02

o 0.02

TABLE 2.1 THE VALUES FOR THE PARAMETERS IN EACH EQUATION IN CHAPTER Il

2.4 The results

2.4.1 Baseline

The initial conditions for simulations are based on Japan’s circumstances in 2003. It is presented

in Table 2.2.
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Circumstances

Output gap -7.5%
Inflation -1.0%
Nominal interest rate 0
Base/GDP 0.20
Debt/GDP 0.79

TABLE 2.2 INITIAL CIRCUMSTANCE
Figures 2.2 showcase the paths of important variables: the output gap, i, and the ratios of Z, M

and D to GDP.
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FIGURE 2.2 THE BASELINE FOR EACH MACROECONOMIC VARIABLES
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In period zero, the output gap starts at -7.5% and recovers slowly, eventually reaching zero and
then becoming positive from year ten onwards.

Inflation falls in the first few years then starts to rise from year four, it reaches zero in year
eleven and remains positive after then. Because of the no negative interest rate assumption, the
nominal interest rate in Figure 2.2 remains at zero until year twelve. The recovery forces the
Taylor rule interest rate to become positive and from when the rule comes into effect, inflation
reaches its 2% target at a steady pace, resulting in an output gap greater than zero.

While the interest rate is zero, money stock is constant, but because output grows faster than
the price level falls, the monetary base line is not horizontal but slightly downward sloping. When
the interest rate becomes positive in year twelve, the money-GDP ratio falls sharply. This
phenomenon is the result of open market purchases Z being -6% of GDP as shown in Figure 2.2.
This action is explained by the level of monetary base being high in period zero. Even if the
money-GDP ratio declines greatly in year eleven, it will still be above the position required to
yield a positive interest rate.

The ratio of debt-GDP increases at first, reaching its peak in year five. But as the economy
recovers, it begins to fall, reaching its minimum in year twelve. This is because of large monetary
shrinking. Then, the debt-GDP ratio rises because the Bol sells government bonds, causing
privately held debts to rise. Next, the debt-GDP ratio falls smoothly and since r = i-it equals 25t,
which is equivalent to output potential growth g, interest payments and income are finally

balanced.

2.4.2 Data update

This section updates the 2003 data used in the previous section and revalidates the model
using 2013 data.
Compared with the 2003 situation, Japan’s economy was experiencing recovery in 2013, the
output gap was still but had risen from -7.5 percent to -2.23 percent, with inflation becoming
positive. However, government debt underwent constant deterioration in 2013. The initial

circumstances of 2013 are summarized in Table 2.3.
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Circumstances

Output gap -2.23%
Inflation 0.17%
Nominal interest rate 0
Base/GDP 0.17
Debt/GDP 14

TABLE 2.3 INITIAL CIRCUMSTANCES IN 2013

The results are shown in Figure 2.3.
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As shown in the above figure, the trends are consistent with those of 2003, with recovery at a
mildly faster pace than that of 2003.

In period zero, the output gap starts at -2.3 percent and begins to rise. It reaches zero and
becomes positive in year nine. Inflation falls in the first few years then starts to rise, reaching zero
in year ten and becoming positive from then on. When the interest rate becomes positive in year
eleven, the money-GDP ratio falls sharply, just as it did in the simulation for 2003. The ratio of
debt-GDP firstly rises but since the economy is recovering, it reaches its minimum in year twelve.
Then, the debt-GDP ratio falls smoothly. These results show that even when the data is changed,

a fiscal expansion remains a viable option, spurring economic recovery and even reducing debt.

2.5 Conclusion

This chapter used a calibrated textbook-style macroeconomic model designed by Ball (2006) to
examine the Japanese economy and predicted Japanese economic trends. The assumptions and
value of parameters came from Ball’ (2006) and Jinushi, Kuroki and Miyao (2002), with data
based on the circumstances in 2003. The simulation results tended to concur with the case for
fiscal expansion. In assuming that monetary policy follows a Taylor rule once the interest rate
turn positive, potential GDP rises, and the interest rate also become positive. After recovery, the
Taylor rule leads the economy on a path of steady potential output and inflation. Furthermore,
because of high growth and inflation, the debt-income ratio declines. Even after updating the
data to 2013, the conclusion remained the same. The results mostly supported Kuttner and
Posen’ s view that fiscal stimuli would not worse public debt and would in fact provide relief for

the government debt problem.
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CHAPTER Il
Analysis on the fiscal policy in a liquidity trap: under the assumption of Eggersson and Krugman
(2012)

3.1 Introduction

When the economy is stuck at zero lower bound, a negative demand shock such as the
financial crisis will cause the economic recession and increase unemployment rate. As the short-
term nominal interest rate cannot be lowered anymore, the conventional monetary policies have
limited effect on stimulating economic growth. Therefore, in this case, the expansionary fiscal
policies are expected to provide stimulus to generate a robust economic recovery. However, the
weakness of the fiscal expansion that it may cause the increase in public debt to GDP ratio has
been hotly argued for a long time. Hence, policymakers are facing a trade-off between
unemployment rate and public debt to GDP ratio.

This chapter aims to examine whether there is a trade-off between unemployment and public
debt to GDP ratio. The result indicates that in the case of temporary negative demand shocks
such as the financial crisis, the trade-off relationship between unemployment and debt to GDP
ratio does not significantly exist.

The reason that the debt-to-GDP ratio does not rise even if the unemployment rate is lowered
by fiscal expansion is as follows: Some empirical studies have reported that deflation raises the
debt-to-GDP ratio. Suppose that the economy with zero inflation and stable debt to GDP ratio
was hit by a negative demand shock, in the case that fiscal expansion policy is not adopted, the
economy will fall into recession and the unemployment rate will increase. Furthermore, Inflation
will decline from zero to negative which in further resulted in the rise of the public debt to GDP
ratio. In contrast, the effectiveness of implementing expansionary fiscal policies is significant: the
economic downturn will ease and the unemployment rate will not increase prominently. In
addition, fiscal expansion will curb the decline in inflation, reduce the extent of deflation and the
increase in debt to GDP ratio is unconspicuous.

Thus, compared to the case without fiscal expansion, by avoiding the decline in deflation,
expansionary fiscal stimulus has impact on reducing both the rise in the unemployment rate and

the rise in public debt to GDP ratio. In other words, in this case, the trade-off between
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unemployment and debt to GDP ratio does not occur.?
3.2 Model

An economy is in a liquidity trap if the short-term interest rate is near its effective lower bound
and the economy is still in a recession. It appears that many industrialized countries were in a
liquidity trap after the 2008 financial crisis. Figure 1 shows the short-term nominal interest rate
and output gap in the euro area, Japan, the United Kingdom, and the United States. The output
gaps in these economies were negative in the early 2010s even though the short-term interest
rates were near zero.

The rationale for a liquidity trap relies on two conditions. The first is that the natural real
interest rate falls below zero. The second is nominal rigidities (i. e., price and/or wage stickiness).?
In recent years, there has been numerous discussion and studies on macroeconomic policies
under the circumstance of zero lower bound, see, for example, Krugman (1998), DeLong and
Summers (2012), Eggertsson and Woodford (2003), Blanchard (2019), and Lukasz and Summers
(2019), among others. In this study, we establish the model based on Eggertsson and Krugman

(2012) with the endogenousized natural rate of interest to estimate the debt-to-GDP ratio.3
3.2.1 Households

Households are divided into two types: the borrower and the saver. Assume that the number
of households in the entire household is set to 1, the number of borrowers is y, = x, while the
number of the saver is y; =1 — y. First of all, Borrower’s household seeks to maximize a

discounted intertemporal objective function:

By ) 8 [ub(ch) —v* (D) 3.1)
t=0

1 End, Tapsoba, Terrier, and Duplay (2015) provides empirical evidence on the impact of deflation
on public debt ratios. For a discussion of Japanese economy, see Ball (2006) and Blanchard and
Tashiro (2019).

2 Eggertsson and Egiev (2020).

3 See also Curdia and Woodford (2010, 2016).
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Maximize the budget constraints of borrowers which are given by
B, =(1+1il1)By + P.CL — PtWt/if - f 1P (DHdi — fzg’(i)di — P.FP + P.T? (3.2)
where B, is the borrower’s debt (when B, is positive it means in debt), i? is the nominal interest
rate on borrowing from banks, Ctb is the quantity consumption of borrowers, hf represents labor
and W, is real wages. § is the discount rate of borrowers and 0 < § < 1. Furthermore, I? (i) is
profits from the financial intermediaries distributed to the borrowers, Z? (i) is profits from the

firms, FP is revenues from “fraud” and T represents taxes.

Similarly, the saver’s utility function is given by

co

Eo ) BT (C) = v* (k)] (33)

t=0
The budget constraints are given by

D, = (1+il,)D;_y — P,.C§ + PW,hi + f I$(Ddi + f Z:()di + P,F$ — P, TS (3.4)
where D; is deposits (a positive D; means holding the deposits), i{? is the interest rate the
household gets on deposits it has at “banks”. The rest of the notation is symmetric to the
borrowers’ and f is the discount factor of savers where 0 < § < <1. Here, Ricardian
equivalence does not hold because liquidity constraints invalidate the assumed lifetime income
hypothesis.

The relationship between deposit rates and lending rates is

1+ =1+ + wp) (3.5)
The spread w; is given by
B, M, b’
w, = P— P— (—) j = high,low (3.6)

where B, the individual saver’s debt, M, represents aggregate private nominal debt that the

agents treat as exogenous value to their private decisions. The spread between deposit rates and

: . . . . B My ..
lending rates w; is an increasing function on b; = P—tand my = P—‘, scilicet w, > 0 and w,,, > 0.
t

t

Additionally, we assume that wy,,, = 0 for simplicity. The shock in this model is an unexpected fall

p_high p low
from the debt levels that (;) to debt levels that are considered safe (1—/) . Afall in debt levels

which are considered safe will result in higher interest rate differentials w;.
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Optimizing the utility function of borrowers implies the following necessary conditions for a

rational-expectations equilibrium:
£h=Ey ) 8 [w(ch) - v*(k})
t=0

By M,_
+/1?{Bt—(1+i?_1)(1+w(P: i,P:j bHL)>Bt L= P.CP + P,W,h?

+f1,?(i)di + fzg’(i)di + P.F} —PtTtb}]

oLk
W =ub(cl) - P22 =0=ub(ct) =P
0Ly b(pb b b(pb b
W = —Uh(ht) + PtWtAt = 0 = vh(ht) = PtWt/’lt
t
Differentiate the equation with respect to B;
oLk
0B;
08 A2 [Be — (1 + i 1) (1 + w1 (DB )1} + 6 A2, 1 [Beyr — (1 + i) (1 + 0, (DB)]}

9B,

— 5tﬂlg + 5t+1ﬂ-?+1Bt (_(1 + l?)%) + 5t+1/11t’+1[—(1 + lf)(l + (l)t)] =0

= A} — SE AL (1 + lg)[

1=

= A2 =6E2L,,(1+ d)[ Pr(1+w)]
t

Combining the first and third equations:

ub(cp) = Ptzlb
A= 5Et/’l?+1(1+l?)[ (14w
t
u(Ch) P R

b(Ct+1) Pt+1/1?+1 l_It+1z'ltj+1

.d~ rBr@
w(cr) SEMu(+iHFEE+ 1+ )]
b(C +1) Ht+1A?+1
Hence,
1+ i’ B
up(Ct) = 0Eul(Cla) 77— 2 P:w +(1+ wp) (3.7)
Similarly,
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(o]

L5 =By ) B [w(CD) — v (D)

t=0

+ A5 {Dt —(1+4i%,)D;_y + P,C{—P,W,h{

- f 15(0)di — J 75(i)di — P,FS + PtTts}]
oL
acs

oL;
oh{
aﬁg—as EA L (1+id)=0= 2 =BEA,(1+i¢
D, t — PE: t+1( +lt)— = At = PE; t+1( +lt)
ug (CY) _ —P.A} _ BEA; (1 +if) _ BE:(1+if)
u(Ciyyq —Pri1Aiiq Mep14844 My

=ui(CE) + P A = 0 =2 us(CP) = —PAf

= —vi(h§) = PWAS = 0 = vi(he) = —P WA

Thus,

BEt(l + ig)ug(cts+1)

1_[t+1

ug(Cf) = (3.8)
The optimal labor supply for each type of households is given by
ug(C) = PeA?
vh(h?) = PW, A}

_v(hd)
ur(c?)

W, (3.9)

and
ul(CP) = —PAf
vy (h{) = =P WA}

i)
Cw(c))

(3.10)

3.2.2 Firms

The C; of each type refers to the Dixit-Stiglitz aggregator of preference for goods is given by
1 -1 6
Ce = [f, ce(D o difo- (3.11)
with c;(i) representing the quantity of good i consumed by the household in period t. By
maximizing C, for any given level of expendituresfo1 pe(D)c; (i)di, it shows that each firm faces a

demand equation:
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o (P -
ye() = b, Y (3.12)

The firms maximize profits given by
Z;(0) = (1 = Dp Dy (D) — PeW;he (i) (3.13)
where T represents subsidy. Each good i has a production function
y: (@) = Ache (D)
where A; is a exogenous technology factor. Knowledge grows at a constant rate:
A, = Ayedt
where g is the rate of technological progress.

The price adjustment follows Calvo’s (1983) assumption, that in each period, each firm has an
equal probability of reconsidering its price with a probability (1 — a) where0 < a < 1 and the
ability to reconsider its price is independent across firms and period. The adjusted price is set to
pi. In addition, firms are assumed to be owned and managed by the savers. Each firm maximizes

profits by choosing the optimal price p;. This assumption implies that

1
P, =[(1—)(@)' Y+ aPtf]1-? (3.14)
We also assume that the firms are controlled by the savers. Each firm chooses a price p; to

maximize profits
maxEo {Li-o(aB) 4 [(1 - Dpi . G) ™0 — P i G~ |} (3.15)
The first order condition of the above function implies that an optimal price %; given by
t

FOC:

t
50 = Fo ) (@) 2i[(1= 1)1~ 0)pi RO, + 6Wekpi R = 0
t t=0

t t
pi "By ) (@) (1 =)0 = DR, = pi 0 ) (@) 250W, Y,

t=0 t=0
t t
PiEy ) (@) (1 =)0 — DR, = By ) (@) 250W,¥,P,’
t=0 t=0

Divide both sides by P;:
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ﬁ_amammtmnwfmﬂlw

(3.16)
P %Z%wmwﬂﬂﬂ—ﬂ(ﬁlY

Let A= f(ptT(i))‘edi , the Calvo’s assumption denotes that
t

A= J(%)‘edi

-0 v [0

(the second integral is over firms in the set of nonadjusting firms, of which there are a measure «)

Since f(pt(l) ~Odi —f(Pt 1p; LESTONS edi=(%)‘eAt_1 (because for these firms P.(i) =
t -1 t

P_4(1))
Thus,

Pt-1

At—(l—a)( )6+ alp 1( )e

=(1- a)(%)‘g + ah,_,11¢ (3.17)

3.2.3 Aggregation

The aggregate asset constraint is given by
Yy = xpCP + x5C8 + G, (3.18)
where x, + xs = 1, G; is government spending.
The aggregate labor supply is given by
pe (i

t

)~ 0di = YA, (3.19)

he = xoht + x5hi = [ ye @di = [ 125
We assume that all the firms, banks and fraud profits are given out by the savers. The real value

of aggregate debt b, = % is
t

1
b= (1+ if_l)bt_ln— +CP —W.h? + T (3.20)
t

Finally, we assume that the central bank conducts monetary policy by following “Taylor rule”:
i =max(0,7(X,) (3.21)
where the vector X; implies all the exogenous and endogenous variables in the economy. With

the above, the model has been interpreted with 13 endogenous variables and 13 equations.

3.2.4 Steady state and equilibrium dynamics
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In this model, there is 13 endogenous variables
{if,i?,wt, bt,Ctb,CtS, hb, 2 Y, Wt,lpj—z,l]t,At}and 13 equations. The equilibrium conditions are

obtained from these equations, and linear approximations are performed around the

equilibriums. Monetary and fiscal policies are supposed to be operated with the aim of achieving

zero inflation (IT = 1). As a result, from equation (3.14) the steady state is (%*) =1, and from

equation (3.8) 1% = B~ — 1 holds. Furthermore, the steady state debt b from equation (3.7) can
be written as the following equation by applying b =
5718 =1+ w(b,b) + bw,(b,b)

Moreover, the equationsi” = 71 (1 + @) — land W = (1 — r)%can be acquired from (3.5)

and (3.16). For the simplification of signs, we set T = ﬁ and W = 1.

The balanced-growth-path values of Y;, C2, CZ, G, T? and b, are A,Y,A,C?, A,CS,A.G, A, TP.
A.b,respectively. We set Y = 1 for normalization.

As a result of the unexpected shock, the real debt has fallen from the initial equilibrium

p_high p_ low
(;) to the new equilibrium (;) . Here the linear approximation is computed around the new

equilibrium given by (g) = (g)high'
3.2.5 Linearization

The relationship between i? and i¢ implies

Y=+ a, (3.22)

b_:b d_-d
N ly—1 A Li—l
where P2 = - d =t

w—®
1w T

oy = . Due to b; = m;, combining with equation (2.6) w; =

1+

w (b, m;) implies the following equation:

o, = 6b, (3.23)
_ bt
_ Wptom i 5 — be=Ath _ (A_t>_b
where 8 = —" b, b, 25 b
From equation (3.7) we obtain
étl) = Etég)_'_l - O-(i? - Etﬂt+1 + ﬂ&)\t) (324)
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Similarly,

éts = Etéf+1 - U(ilti - EtT[t+1)
can be derived from equation (2.8), where

(3.25)

— Wp

s [5/3—1(1 +@) = 887 b(wp + W) + SBTHLE (1 + a))], o=-

e u
b >
ug.Y uY
)
(s =
y Ut

P
—and m, = —— — 1.
v

t—-1

The labor supply function (3.9) and (3.10) imply

W, = vhY + o7 1CY

(3.26)
W, = vhi + 071C¢
vh v Ul v
where v = -2— = -hb
h v

(3.27)

= s
1—a' 't
where p; =2t —

t

The New Keynesian Phillips curve can be derived by

e = YW, + BEcTr4q
wherey = —(1_“)((11_'15).4

(3.28)
The aggregate asset constraints (3.18) imply

Ve = xpC0 + x:C5 + G,

(3.29)
S\ _a Yy
where G, = (At) g = ; :

Furthermore, the aggregate labor and 4, = 0 indicate

Y = xpht + xshi (3.30)
The budget constraint of borrowers is given by

s G-
where b, = - and T, =2

~

byb, = b, (1 + ®)i?_, + (1 +1°)b,b,y — b, (1 + PP)m, + CP — hPW, — h? + T? (3.31)
—.

Regarding to the monetary policy reaction function, the zero lower bound lf > 0 means i‘g >
—d
a =B —1land

4 See, for example, Woodford (2003).
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1% =max(B — 1, . X,) (3.32)
Heretofore, endogenous variables and equations are reduced by 2 to 11. The endogenous
variables are {i?, i’ w., b, CP,CE, MY, g,Yt,nt,Wt} and the equations are (3.22)-(3.32). The

~ by by (byhigh_(bylow
shock is presented by b_; = (Y)lT(Y) = 2 b 2
() 20

>0, and (g), converges to (g)l""" in the

long run.
3.3 Calibration
3.3.1 Calibration of each variables

The parameters on the left side of table 3.1 choose standard values in the related literature.
One period of the model is quarterly. The discount factor of the saver, B, is 0.995. The
intertemporal elasticity of substitution in consumption, g, and the inverse of the Frisch elasticity
of labor supply, v, are one. The Phillips curve slope, k, is 0.02.

To simulate the numerical calculation of Eggertsson and Krugman (2012), the parameters on
the right side of the table are set to almost the same values as in the same paper. We assume
that b, = 4 and 3_1 = 0.3, that is, steady state debt is 100 percent of annual income and the
initial value of the debt is 130 percent of annual income.5 We assume that i = 0.005 and i? =
0.02 for the steady state interest rates, and the interest rate spread doubles at the time of impact.
This implies that § = 0.995, 1 + i = 1.02, and 9 = 0.049. The rate of technological progress, g,

is 0.005. The parameter of the borrowers’ Euler equation, 4, is discussed in Section 5.

Parameter Value Parameter Value
I 0.995 b, 4
é §<p X 0.5
K 0.02 1+iP 1.02
v 1 Y 0.049
o 1 A 1.32

b_, 0.3

5 See Table I in Eggertsson and Krugman (2012).
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TABLE 3.1 THE VALUES OF EACH PARAMETERS IN CHAPTER IlI

3.3.2 Natural rate of interest

It should be noted that natural rate of interest is
¢ = —xp,(1+ D&, = —xp (1 + )b, (3.33)
The natural rate of interest is determined endogenously rather than being given exogenously.®
If individual suddenly considers that the debt level is too high at some point, the interest rate
difference between the borrowing rate and the deposit rate will rise. When the interest rate
spread becomes large and the borrowing interest rate rises, the borrower begins to repay the
debt which means the decrease in the expenditure of the borrower. With the intention of
offsetting the decrease in the expenditure of the borrower, it requires expansion of the save’s
expenditure. However, to achieve this intention, the natural rate of interest would have to
descend. As the result of the debt repayment of the borrower gradually progresses, the interest
rate spread narrows, the borrower's expenditure recovers, and the natural rate of interest begins

to rise to the original level.

3.4 A baseline case

In this section, it describes the economic fluctuation in the absence of the fiscal expansion

policy. The economy suffers a deleverage shock during the zero period.

3.4.1 The fiscal policy

6 The details of the derivation of natural interest rate Iae are:
the following two equations can be derived from equation (16) and (17)
Ab _ Ab ~b ~
XoCt = XpEtCipr — o(Xple — XpEeTer1 + XpAD:)
As A od
XsCP = XsEcCify — o(Xslt — XsEeTeqr).

When Gt =0, by substituting l'tl7 = l'td + 6?)t , the equation is obtained as follows

VY, = E¥oy — 0 (i — Egitr + 2, (1 + @),
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The budget constraint of the government spending is

B f

t b
— =1+ T = xpT, 3.34
P, ( Pt Pt ) —Xslt — Xplt ( )

where Btg is sovereign debts that the maturity is one period, T{ is the tax incomes from the
savers, while T? is the tax incomes from the borrowers. Ast = 1, ..., t", T = A, TS, T? = A,T?,
and A,G — ;A T® — x,A,T? = 0, it indicates that in equilibrium, the primary balance is zero.

Leti, = if, the following equation obtains’:

B _
Pt ( lt 1) P, Pt 1 Gy — AG

Consequently,

=(1+i%,)BL, + P,(G, — A.G)

Since G, = =0
= (1+if,)BL, (3.35)

Moreover, the sovereign debts are only held by the savers.

3.4.2 The results

Figure 2.1 shows the effect of deleveraging shock on major economic variables under zero

interest rates. That is output gap, 7, i%,i?, @, b,

s CP hS, and hP.

('3>

The output gap drops to -5.7 percent shortly after the shock and then recovers over the years.
Inflation falls to -1.6 percent and consistently retains low for nine periods. The zero interest rates
will be perpetuating for ten periods. Initially, the borrower's debt is 30 percent above equilibrium
and the borrower repays this debt by increasing working hours and reducing consumption. As the
borrower's debt repayment progresses, the debt balance b decreases. As a consequence, the
interest rate spread & between the borrowing rate and the deposit rate will narrow, and the

negative output gap and deflation will be eliminated.

7 The government budget constraint is assumed to be satisfied by adjusting T7.
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FIGURE 3.1 RESPONSES OF MACROECONOMIC VARIABLES TO DELEVERAGING SHOCK UNDER

ZERO LOWER BOUND

3.4.3 The debt to GDP ratio

Public debt in most countries was running high by historical standards even before the
coronavirus outbreak. As table 3.2 shows, some countries have gross public debt about 200
percent of the GDP. In our simulations, we assume that the initial public debt is 200 percent of

annual GDP.2

Japan 248
Greece 177
Italy 133

TABLE3.2 GROSS PUBLIC DEBT TO GDP RATIO (2015)

Source: International Monetary Fund

8 When Bg is twice the annual nominal GDP, B‘g = 8P,Y,.
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Figure 3.2 shows the path of the debt-to-GDP ratio. After the deleveraging shock, the debt
ratio sharply jumped from 200 percent to 213 percent. The reason is that the nominal GDP which
is the denominator of the debt-to-GDP ratio has decreased due to deflation and the decrease of
real GDP. The debt balance which is the numerator of the debt-to-GDP ratio remains almost
unchanged because there is no additional fiscal spending and i{i = 0 until the tenth period. After
the debt ratio rose to 213 percent, then falls as the economy recovers. The debt-income ratio falls

slowly afterwards, since i — m, < g. In steady state, the ratio is constant, as i — 7, = g.

Debt-GDP ratio
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FIGURE 3.2 RESPONSES OF DEBT TO GDP RATIO TO WITH AND WITHOUT GOVERNMENT SHOCK
3.5 Government expenditure
This section examines how a fiscal expansion changes output, inflation, and debt.
3.5.1 Fiscal policy

We assume that fiscal policy is used to close a negative output gap. For an output gap ¥, =
%((ftb + Cf) + Gy, policymakers will set a fiscal rule as
Gy = max[0,—f(Cl + C¥)] (3.36)

Here the coefficient f is positive. If%(CAtb + éf) is negative, the government spending Gt is
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—f((f,f’ + (fts) In this case the output gap ¥; is G - f) (éf’ + Cf). Here the public understands

fiscal policy will be conducted according to equation (3.36).
3.5.2 Effects of the government spending

We assume that the coefficient f in equation (3.36) is 0.4. Figure 3.1 shows that in period one
policymakers increase government spending by 0.75 percent.

The red lines in Figure 3.1 represent the effects of government spending. The spending leads
to -0.7 percent output gap and -0.5 percent inflation in period one. It is worth noting that the
fiscal expansion mitigates the situation of severe deflation. The zero bound is now binding for
eight quarters instead of ten quarters.

Figure 3.2 shows that, despite this fiscal expansion, the debt-income ratio rises less rapidly
than in the baseline case. The debt-income ratio is 203 percent, compared to 213 percent in the
baseline case. This modest increase in the debt-income ratio can be explained by the mitigation
of recessionary deflation (deflation combined with a negative output gap). The expansionary
fiscal policy leads to a less severe drop in nominal GDP (the denominator in the ratio), while the
government debt (the numerator in the ratio) increases due to an increase in government
spending and interest payments. Figure 2.2 illustrates that fiscal expansions can suppress the

increase in the debt-income ratio.®
3.6 Robustness: speed of leverage adjustment

The parameter A, which is a function of several structural parameters, represents how fast a
borrower wants to pay down his own debt. The parameter A increases when the borrower wants
to pay down his debt faster.

Figure 3.3 shows the paths of the output gap and b for three alternative values of 1. We
assume that the base value of 1 is 1.32, as in Eggertsson and Krugman (2012). If A increases, this

implies that the borrower wants to pay off his debt faster and will cut spending more, which will

9 After two years, the path of the ratio is lower in the baseline case. This is because i — , is lower
in the baseline case.
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make the recession worse. Panel A of figure 4 shows that output drops more on impact as
Aincreases: ¥; = —0.045forA =1, Y; = —0.059 for A = 1.32,and ¥; = —0.136 for 1 = 3.
Observe that a deeper recession due to rapid deleveraging does not necessarily make it a short
one. For output to close the gap between actual and potential output and return to its balanced-
growth-path value, it takes the same 10 quarters regardless of A. This is because, when the
borrowers are willing to pay down their debt faster and that causes deflation, it will increase the
real value of debt. Panel B of figure 4 indicates that there is no clear relationship between
recession severity and the path of b. This figure represents a variant of the Fisher’s 1933 debt-

deflation analysis.*°

A. Output Gap
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FIGURE 3.3 RESPONSES OF OUTPUT GAP AND DEBT UNDER DIFFERENT VALUES OF 4

10 Fischer (1933). Repaying nominally fixed debt can cause a fall in prices and thus increase the
real value of debt.
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3.7 Discussion

This chapter has examined a controversial relationship between unemployment and the debt-
to-GDP ratio. There appears to be a trade-off between unemployment and the ratio:
Expansionary fiscal policies reduce unemployment but lead to a higher debt-to-GDP ratio. This
study has shown that the trade-off relationship may not exist if the short-term nominal interest
rate is zero and if a negative economic shock is temporary.

The expansionary fiscal policy leads to a less severe drop in nominal GDP (the denominator in
the ratio). Therefore, fiscal expansions can suppress the increase in the debt-income ratio.

This paper has not discussed the effects of business cycles on the primary balance. Even if there
is no additional government spending, a recession will produce primary deficits, which will result

in a higher level of debt.*! This is a subject for further analysis.

11 If the primary balance tends to worsen during a recession, it will strengthen the main conclusion
of this study.
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APPENDIX 3A

This appendix aims to explain the derivation of linearized system of equations.

The relationship between i? and i implies:
1+ =0+iHA+ )
i? - flg =1+ a)(it - lt) + (1 +i‘ti)(wt )

Since in steady state: 1 + 2 = (1 + i) (1 + @)

Thus,
if -1 _ (1+5)(it _lt) 1+ ) (0 — &)
1+ (1+@)(1+o) (1+f‘g)(1+w)
if =7 (lt _lt) (0 —
142 (1+71 ) (1+a))
lf = lt + W
where {2 = 1?—;:, id = if;;, Dy =2
Wy = (u(& % bf)
P’ P’
Linearize:

1 +(l)t =1 +w(bt,mt,bj)

1+ @)+ (0, — @) =1+ &) + [wy(b; — b) + wp (M —

wy — @ = (wp + W) ( by — b) (because we assumed by = m;, b = M)

‘Ut_a (a)b'l'wm)— (bt )
1+w 1+w
o, = 6b,

Wptwm T ~ b;—b
where § = ~2—"p and b, = .
1+w b

The consumption Euler equations of borrowers is

1+4i? Bt

(ng) SEqul (Ct+1) W’ + (1 + wy)]

t

Linearize the above equation:

$5: U (C?) = 5u.(C*)(1 + 1) (1 + b22)

>80+ ( ‘1“;*’5) =1
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wt_a
1+& 1+ @ (b = b)
_ w; — W
by—b=—t——"
wp + Wy

1+ =1+ (1+2)="(1+d)
LHS: u..(CP = ©)
RHS:
Ctb+1 :
O8Eue(1+1) (1+522) (Chy = €) = uccEe(CEy — C)

ib -

@su, (1 + E ) (it —1) =u, l;:b
Meyq:
O—8Euc(1+7) (1+b-22) mypy = ~UEeTpsn

by, m; :

b (wb+5wbb)(1+5))—5wb-wb 7 Ewbm(1+(7))—l_7wb-wm —
@su.(1+ )] (110)? (be—b) + (1+@)? (m; —m)]

(1 + @) [wp + b(Wpp + Wpm)] — bwp(wp + W)

_ b _
Su.(1+71°) 1+ )2 ( t b)
(1 + @) [wp + b(wpp + Wpm)] — bwp(wp + W) W — &

= 8u.(1+1)
(1+ w)? wp + Wy,
_ bwy(wp + wp). 0 — @ 1
=8u.(1+1 b —
Ue(1+)[wp + bwps 1+ @ 14+ wp + wy,
bw,(wy, + w,,) o

= 8uc(1 + Tb)[(l)b + l_)a)bb -

1+w wp + Wy

(i’+1=p"11+w)

wWp + Ewbb E(J)b )a’)
t

wp + Wy, 1+

=871 + a)(

_ 1 Wp + B(J)bb N T .
=68p [—wb T, 1+ @) — bwy @

Combine O~®:
_ _ L -1
ucc(CLP - C) = uccEt(CLp+1 - C) +uc m —UcE Ty

+ bw _
+ 8~ [ “’(1+w)—bwb]at
e —-C cg’+1—c'+ u. (il -1
Y U Y\ 1+

Uc B_l [wb + I;wbb

—E, + -6
t Hl) u.Y wp + Wy,
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CP = ECly — 0 (8 — Eelipsq + A00,) (3.29)

_ N b_’b
whered = §(~ [bwbb+wb 1+ w)— bwb], oy = —u“Y , CP = YC ,and T, = Ppt - 1.

Wptwm t—-1

BE (1 + if )%?(C P+1)

Metq

ul(CP) =
Linearization:

U (CF — 0) = .BEt[uc( _d) A+ D ueme, + (1 + _d)ucc(CtH 6)]

cE—C u [if-1 Ci,—C
—— =—%= — — EtTesa +EtL
Y u P\ 141 Y
Cf = EeCPhy — 05 (i — Eemrey) (3.30)
Where Cf§ = ci—c o5 = —ug—iy.
v ul
The optimal labor supply of each type is
beyb
_ va(he)
Wt - ub(ctb)
_ va(ht)
CTuE)
W, v -\  vpu _
Wlog—t . (h? —h) - *;2“ (o
% _
l 09— t “hh (hb h)— h cc (Ct Cb)
W
W, v — _
log—t = (hb R) — =< (¢ - ¢?)
uC
l W, vth(ht —h) u.,Y(Ct-CP
W e, ¥ u ¥
W, = vh? + 0, C? (3.31)
o Wy _ VanY
where W, = logﬁv =,
Similarly, we get
W, = vhi + 0,C§ (3.32)
Let A,= —0 [[p; (i) — P.]di, equation () implies that
A= 012
1
And equation P, = [(1 —a)(PpH? + aPtl__lg]l‘e implies that
Ak a
Pe=1_,™ (3.33)

12 To a first order approximation [ p,(i)di = P, thus A, around the steady state is approximately

equal to zero.
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where p; = Pe _
Pt

We can use this and equation (2.33) to derive the New Keynesian Phillips curve
my = kY, + BE4q

where = —(1_“)2_“@ )

The aggregate asset constraint ¥, = x,CP + xsCf + G, is
Y, =¥ = x,(C2 = C°) + xs(CE = C5) + (Ge = )

Divide by Y for both sides:

Y-V ch—cP N C§—Cs N G:—G
Y =Xb Y Xs 7 ( Y )

Ve = o C0 + x:CE + G,

S Y-Y - G—G
where Y, = tTand G, = t?

The labor supply constraint is
he = xphe + xshi = YA,
Linearize:
A(Y, = V) +Y(A — B) = xs(hi — k) + xp (Y — k)
SinceA=1,A,=0
Y, =V = xs(hi = h}) + xp(h? — hY)
Divide by Y

Y, —Y hi — b} h — he
Y _Xs( Y )+Xb( ?

Y, = xph? + xshit

)

The borrowers’ budget constraint is
ib 1 b b b
bt = (1 + lt—l)bt—ll—[_ + Ct - Wtht + Tt
t

Linearize:

(3.34)

(3.35)

(3.36)

be =B = B(ify ~ ) + (1 + ) (bees — B) ~ (1+ )b, + (€7 — C*) ~ hEWlog -

—W(h —Rb)+ (TP —T)

Divide by Y:

13 Since A,= 0 .
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bb,—b b o [it- =T (-1 =D\ b i cb—cP
7 5 7(1'{' <1+l_b +(1+77) = —7(1+1)7Tt+ —
hbl W, (h?—h? N TP —T
AT W 2 R
bth = by(l + ib)( i?—l + Bt—l - T[t) + CAtb - hbWt - i\l? + Ttb (3.37)
h b b_Fb
wherebyzg,thhT,Tt”ETt il
i n I3

Finally, the monetary policy rule yields
§ =max(0,f(Xy))

it_

id
L _B—l

1+i¢

id > 0implies that i% > —

When i >0
igl =f(Xy) = f(I1,Yy)

Linearize:
i‘ti = fn(nt - ﬁ) + fy(yt - )7)
~d > Y — Y
it = famte + ny(T)
ig = ¢, + (;bx?t

where ¢ = fr, ¢y = ny
(3.38)

Thus,
i? = max(ﬂ =1, ¢, + ¢x?t)

In the case of a Taylor rule, if is affected only by output and inflation.
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APPENDIX 3B

This appendix seeks to demonstrate the derivation of the figure 3.1 from equation (3.27) -
(3.38).

The equations can be summarized as follows.

=1+ &, (3.27)
o, = b, (3.28)
CP = ECly — 0(8 — Egmtyq + AD,) (3.29)
(¢ = E;CPy — 0(if — Emiers) (3.30)
W, =vh? + 671C? (3.31)
t t
W, = vhi + 67 1C§ (3.32)
t t
my = YW, + BE Ty (3.34)

byb, = b, (1 + ®)i?_, + (1 +1°)b,b;_y — b, (1 + ), + CP — hPW, —h? + TP (3.35)

Ve = o CP + x:C5 + G, (3.36)
Y, = xph? + xshi (3.37)
1% =max(f — 1, X)) (3.38)

Equations (3.27) - (3.38) can be aggregated as follows

by(1+1%)  b,(1+1)

Ab
0 of|Cita
o(1+21)  o9(1+21) cs. |+
0 0 off,
0 o ol-
b b,(1+1°) b,(1+1?) -b /1 1—xp\ -b/1 1
Yy Yy Yy
- - - — 147 (—+ ) +( - ) i (—+ ) +(1+—) -
a9(1+1) o(1+1) o9(1+2) g V)X T\ vo o V) As va) Xs
1 1
r(z+v)n r(z+v)x
0 1
by __by Ab by  Aby(1+)  b,(1+i) Z’ 11 gtz
TO(1+) v+ || T Lpan T T wa T v [} (*1)
- 0 0 B Ciya 0 0 yv ol| &,
0 1 o Ml | 4 0 0 ol] 7

. . 1 & . ..
Substitutingo =v =1, y, = > TP = 0 into above matrix, it can be arranged as

by(L+1) b,(1+1?)
1+2 91+ 1)

Ab

Ceq

AS

Coq |t
Tt—q

o o
o o o
o o o
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by b+ by(a+?) cp o Th _ by(1+i")  by(1+i") ¢b
9(1+1) 144 9(1+2) 1+h” A% +1 1+ o T by(1+7) S
’ -y -y 1 | =
0 1 0 Tt
__b __b 1160 by  Aby(1+i%) by (1+1%) i
_| vam s+ || saen T 142 sa+n || 1 =1 & (%
N 0 0 B G|t o 0 v + 14 e (*2)
o 1 1 dmeal | 0

o _ (@ =G if i =0
t g—1 if i$<0

As the first step, we calculate the eigenvalues of the second-order linear difference equation of
CP with |A| < 1 when the zero lower bound is not binding.
For all the period t when there is no zero lower bound constraint, in (*2)
Cs=—Cb, 7, =0,
while we can obtain the equation i¢ = —(CP,, — CP) from (44). By substituting these equations

into (*2), the first row can be converted as

2b,

m((:t+1 sz’)—b(1+f”) (Ct Cb)+@+)

m (CL—Chy)+2¢

It can be rearranged as

A Y(1+P)(1 -2 YA+ D] 4
Chy— |1+ ( X )+(1+Tb)+¥ c?

2 L[pa+rma-2

2

+@+™)|Ck,

y
=0

So far, we acquired the second-order linear difference equation of ft”. Substituting the values

of the parameters and representing the eigenvalue with A, the equation of ff’ can be presented

as
Cl = AN + BAY
where
Ay, A,
1 I +)(1 -2 9(1+2
== [1+( il )+(1+Tb)+¥]
2 2
9L +1)(1 -2 I+ D) [9A+)A-2
12Dy S OEDD
y

In the case of [A;] < 1, |A,| > 1, whenA # 0, B = 0, C? has a unique stable solution.
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The arrangement of the fiscal expending rules

Households arrange their consumption strategies under the awareness of the fiscal expending
rules (that the deflation will be suppressed).
The fiscal expanding rules seek to constantly eliminate GDP gap that is: 17t =0
since ¥, = %(C‘g’ + Cf) + G, = 0, as a result, the fiscal expanding rules have to satisfy
6= -5 +6)
when G, = 0
e =yW, + By, = V(CAtb + éts) + BTisq
when G, = —%(C}f7 +Cf)
7o = YWt Bies = y(C2 4+ C 4 G) + Briess = 5 (CF + C8) + By
Thevalue of G, is Gy = Gryq = Gryy = =0
Gro1 = _%(6713—1 +C3y)
Grp = _%(6713—2 +C7p)
Gr_s = _é(é#% +Ci3)
when G, = —g(C2 + C§), Gy = Gryy = Gryy =+ =0
Groy = —9g(CP_1 + C3_y)
Gr_p = —9(Ch_; + C7)

_9(6‘7}2—3 + 675‘—3)

(D))
T
w

Il

The second step is to identify the period T that is the period when the interest rate hits zero.
(i) Investigate whether if = 0 or not.
In period t = 1, (3.27)-(3.38) can be summarized as

14k RP+1 b,(1+)|[C

T 9+ As| —
—y —y 1 Cr|=
0 1 0 T
b. b. Ab b. _
_19(11/1) _19(111) -2 19(1111) d 1+ [-RP=1]
= 0 0 B C5 + 0 7+ 0 by + y Gy
0o 1 1 Alml L g 0 0
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b

L_—1+h" R®+1 b,(1+1) Cj{’

T < _
-y -y 1 €| =
0 1 0 Ty
_ b L by -b b
| T va 0 san | [ 2], [pa+n] 1+1 5 -
= 0 0 B C5 + 0 i+ 0 0— Y9 Y
0 1 1 ml 1 -1 0 0
_ b ib_ . cib b _ (b b
o~ 1R =g +1) R +1-g(R*+1) by(1+1)
-y +gv -y +gvy 1
0 1 0
by by cb by -b
- - 1+1
I(1+1) sa+n || 2| [san]. o
=| 0 o g |G o [HH| 0 [0 )
0 1 1 ml L -1 0
and
o (~@ ety i i@=0
! g—-1 if i%<0
when i >0, = —(C? — C?) pins down (*3)
2b,) -b -b -b -b L
—sis 1A —g(h 1) b +1-g(h +1) by(1+1)
-y +g9y -y +9y 1
1 1 0
_ 2by, _ b,, Ab b
| Team sa+n || 2 1+77]
- 0 0 ﬁ CZ + 0 bO
0

1 1 1 T2

In other words,
QX1 =R X; + ¢

X1 = Q1'RiX, + Q'€

Xl = A].XZ + Bl
Rewriting it as the form
Ab 11 12 137[Ab 1
Cy ar” ar” ap”| |G by
as| = |21 22 23| A 2
Cl=lar” ai® ai”||C5|+|bi
m a3t a¥? a33||m, b3
As C5 = —CP, m, = 0 the first row can be written as

€7 = (al — al?)C} + b}

Combining with C? = A, CP, thus
bi
1-M(ai' —a1?)
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Furthermore, since i¢ = —(C‘é’ - 61”) = (1 — A;) CP, the annual rate of interest is
i =[i¢ + (1 -pB)] x 400
Here if if = 0 holds, proceed to step 3. If if <0, so if equal to zero, proceed to (ii) with i‘f =
B —1.

When if = 0 videlicet iﬁi = 3 — 1, by substituting it into (*3) we obtain

— LR —g(RP 4+ 1) R+ 1-g(h?+1) by (1+1)|[CD
as| =
vty —y +gv 1 Ci
0 1 0 T
- B 1+1
— 19(1+A) 19(1+ﬂ,) A2 19(1+A) R
] 0 0 B Gl o [B-D+ 8 b,
0 1 1 T, -1

or
01X, =R X, + S + €
X1 = Q7R X, 4+ Q1 (81 + €)
X1 = 14_1X2 + El
(ii) When T = 2 we investigate if i > 0.

when t = 2, the matrix (*2) is

by(1+1%) b, (1+1) A

Cb
1+4 Twa+n ° 0 s |+
0 off !
0 0o olt™
b by(1+12) by, (1+1?) - by(1+i2) by, (1+i?) _ Ab
N _19(11,1)_ y1+/1 - ;(1+;1) —1+h" RP+1 - y1+,1 - ;(1+,1) +by(1+17) gzs _
-y -y 1 2
0 1 0 T,
by by éb by Aby(1+%) by (1+iP) -b
_ | va+n sa+n|| 2 +[Pa 144 91+ i§]+ -4 —1 &
B 0 0 B (3 0 0 i Y 2
0 1 1 T3 -1 0 0
b,(1+1°) b,(1+1) o ol
1+2 91 +4) sl +
0 0 off}
0 0o ol
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by b+ by(a+?) b b _ by(1+i")  by(1+i") -y | [ED
| Pa 1+1 9(1+1) 1+h> h°+1 1+1 9(1+21) +by(1+77) AZS _
-y -y 1 1=
0 1 0 L
__ by 0 b, co b, Aby(1+1°) b+ ) .
—| 9a+2 IA+D||ps| 4 [PA+H T 1+ 9A+D H
0 0 B 2 0 0 if
0 1 1 3 —1 0
_hb _
-g| vy |[(@+E)
0
b,(1+1%) b,(1+1P) o oler
1+ 21 9(1+ 1) es|+
1
0 0 0
Us
0 00
+
by  by(1+1")  by(1+1") b_ . (ib = h b _ by(1+i")  by(1+i") -y | [éP
(1) 144 9(1+72) 1+h7—g(h”+1) BP+1-g(h"+1) 144 sarn T by(1+17) ézs
-y tgy -y tgv 1 2
0 1 0 T2
by 0 b, cp b, Aby (1 +1P) _b,(1+ ) .
_|Tea+n IA+D||pe| 4 [oA+D T 1¥2 waA+D [lz]
0 0 B > 0 0 if
0 1 1 3 -1 0

Substituting 1¢ = B — 1 into above matrix to examine the value of i¢

by(1+1%)  b,(1+1)

Ab
0 0||C
1+2 91+ 1) s+
0 0 0
T
0 0 0
+
by b+  b,(1+") b b b b _ by(1+) b, (1+1?) -y | [éP
91+ 141 9(1+74) 1+ —gh®+1) KP+1-g("+1) 144 s by(1+17) CZS
-y tgvy -y + gy 1 2
0 1 0 T2
_ by by Ab by  Aby(1+1")  by(1+i?) . .
_| va+» o+ || 2 + [P 141 91+ [—(Cé’ —C? ]
0 0 B 3 0 0 B—1
0 1 1 3 -1 0

It can be rearranged as
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by (1+12)  by,(1+1?)

o ol[¢
1+4  9(1+4) cs|+
0 0 0
Ty
! 0 0 0

+

2by, by (1+1?) _ by (1+i?)

— _ _ hb _ hb
I(1+4) 1+1 9(1+1) 1+h g(h T 1)

h? +1—g(h? +1)

-y + gy —Y +gy
1 1
_2by by ¢ Aby(1+17) by (1+0)
91+ s+ || 144 9(1+A)
0 0o B csl+ 0 B-D
1 1 1 T3

0
Also it can be written as the following form

PX, + QX, = RXs + S
Substituting X; = A,X, + B, into the above equation pins down
P(A; X, +B)+QX, =RX;+S
(PA; + Q)X, = RX; + S — PB;
X, =4,X;+ B,
where 4, = (PA; + Q)™'R, B, = (PA; +Q)™(S— PB,).

Rewriting X, = A,X3 + B, as the form

Ab 11 12 137[/Ab 1
C; a;” az;" a; 3 b,
as| = |21 22 23| A 2
Cs|=|az" a3® ai’[|C5|+|b2
31 .32 33 3
Ty ays ay* ay’|lms b5
Since C§ = —C?, m3 = 0, the first row can be converted as

8 = (@t — )Y + 1}
Additionally, combing with €2 = A, C?, it pins down
e = b
21— A(alt —al?)

Accordingly, the value of interest rate also can be obtained

9 =—(Ct-CH=0a-n)DC?

or in the annual rate

i¢ = [1¢ + (1 - B)] x 400

_ by (1+1?) _ by (1+i?)

1+4

Here if i$ > 0, proceed to step 3. Otherwise, the value of i remains zero that isi% = f — 1

and move to (iii).

When i = 0, substituting ¢ = § — 1 into (*2)
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[b,(1+1°) by(1+1) o olrer
1+2 9(1+ 1) es|+
0 0 0 ﬂl
0 o ol“t
+
by by (1+1?) _ by (1+i?) _ “h (b b b _ by (1+1?) _ by (1+i?)
I(1+4) 1+1 9(1+1) 1+h g(h T 1) h”+1 g(h t 1) 1+1 I9(1+4)
-y +gy -y +9y 1
0 1 0
_ by 0 b, co b, Ab, (1 +17) _by(1+ )
_| 9a+n IA+D||ps| 4 [9A+D — 1+ 9(1+2) [ﬁ—l]
0 0 B - 0 0 -1
0 1 1 3 -1 0

or as the form
PX, +QX, =RX;+S
Similarly, substituting X; = A, X, + B, into the above equation
P(A X, +B))+0QX,=RX;+S
(PA; + Q)X, = RX;+S— PB;
X, =A4,X;+ B,

where A, = (P4, + Q)"'R, B, = (P4, + 0)*(S — PB,)

(iii) when T = 3, investigate if i > 0.

Substituting X, = A,X5 + B, into PX, + QX3 = RX, + S we obtain
X3 = A3X, + B;

As a result,

A~

1
¢ = b
Pl M(agt - af?

and
g =—(C-C)=0-A)C5
if =[i%+ (1-B)] %400
a

If i$ > 0 proceed to step 3. If the value of i below zero so i remains zero, we move to (iv)

withi4 = — 1.

(*)
In X, = A X1 + By, Ay, By are practiced in the case of i > 0.
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In X, = A X;,, + B;, Ay, B, are practiced in the case of i < 0.

InPX,_1 + QX, = RX;41 + S, P,Q,R,S are practiced in the case of id > 0.

[Step 3] Solve (741, CP4z, CPys -
CPe1 = MCT,
CATIZ+2 = A1CA7IZ+1'
CPas = DyCPea,

[Step 4] Solve C}’_l, 67’3_2, 67’3_3

o C?

Substituting X, = C}Sl = I_@le into Xp_y = Ap_1 Xy +Br_1, Xr_; and CZ_; can

T 0

obtained.

Next substituting Xy_, into Xp_, = Ay_,Xy_; + Br_, pins down Xy_, and CE_,.

In the same way, substituting X;_ into Xp_3 = Ap_3Xp_5 + Br_3 pins down X;_3 and C2_,.
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CHAPTER IV

Analysis on the effects of monetary policy in a liquidity trap: a medium scale DSGE model

approach

4.1 Introduction

The problem of the Zero Lower Bound (ZLB) returned to prominence with Japan's experience
during the 90's, and more recently with the financial crisis sweeping the world in 2008. Since
then, the notion of an effective lower bound on policy interest rates that is lower than zero has
become a concrete concern for monetary policy. While the effective lower bound for short term
rates exists, it does not impose a binding constraint on the effectiveness of monetary policy.
Some research has considered models with non-negative constraint on nominal interest rates in
the optimal monetary policy literature. Their research implies that the economy is affected by not
only the present level of the overnight rate, but the path of expected future short term interest
rates. (Clarida, Gali, and Gertler 1999, Woodford 2003) In theory, if the central bank is capable to
commit to future policy actions, it can work around the zero bound constraint by promising
monetary easing in the future once the zero bound constraint lapses. (Krugman 1998,
Reifschneider and Williams 2000, Eggertsson and Woodford 2003). Empirically, the analysis
shows that the monetary policy announcements have impact on asset prices primarily through
the effects on financial market expectations of future monetary policy, rather than changes in the
current federal funds rate target. (Gurkaynak, Sack, and Swanson 2005) As a result, the
theoretical and empirical evidences both suggest that monetary policy still has room to affect the
economy even when the short term nominal interest rates is at zero.

In this chapter, | employ a medium scale DSGE model that mainly based on Christiano et al.
(2005) to investigate the effectiveness of the monetary policy shocks when the zero bound is
binding. In this chapter, the model consists of four sectors, including households, final goods
firms, intermediate firms and the government. Also, it is assumed that households have a certain
wage pricing ability thus the concept of wage stickiness could be introduced into the model. The

firms in the intermediate goods produce differentiated goods and follow the Calvo’s (1983) price
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setting rule. The fiscal policy follows Ricardian and the central bank set monetary policy according
to Taylor’s (1993) rule and money growth rule. To tackle the zero bound constraint, the study
employs an algorithm created by Holden and Paetz (2012). This method introduces the “shadow
shocks” which hit the bounded variables every time the constraint is violated, and “push” these
variables back to zero. To make sure the solution ties in with rational expectations, the shocks are
expected by agents previously, so that the “shadow shocks” can be seen as endogenous news

shock.
4.2 Model

4.2.1 Households
The representative household is composed of a continuum of labors, each specialized in a

particular labor type indexed by i € (0,1). The households obtain the utility from the

consumption C; (i) and real money baIancesM;—(i)and get the disutility from the labor supply
t

N (i). The representative household maximizes his utility function:

o M. ()\1-v
e Cp) N, (i)1+?
E";B 1—o ' 1t—v T 1+ 9 4D

Subjective to the budget constraint:
P.Ce (i) + Pele (D) + By (D) + M, (i) < Wy (DN (D) + 1 PeKy—1 (i) + Re—1Be_1 (D) + My_; (i) + D¢ (i)(4.2)
where M, is the nominal money balance held by the household at the end of period t, P; is the
aggregate price level, W (i) is the nominal wage rate associated with labor of type i.
I;, K;, By, Ry and D, represent the investment, capital, government bond, nominal interest rate
and the dividends that households received from monopolistic firms. 7 is real rate of return on
capital. § is the discount factor, 0 and v denote the inverse of the intertemporal elasticity of
substitution and the inverse of the elasticity of money holdings with respect to the interest rate.

¢ is the Frisch elasticity of labor supply.

The capital accumulation equation is given by:

Ko(D) = (1 — 8Ky () + (D) — S (ﬂ) () 43)
It—l(l)
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where § is the depreciation rate, S(+) represents the adjustment cost function of the investment
with S(y) =0,5'(y) =0,5"(y) = 0.
Optimizing the utility function implies the following necessary condition for a rational-

expectations equilibrium:

M, (l)

[e3) 1-v
C.()1-° ( ) NG 1+¢
o= E()Z,Bt ¢ (1) N (D)
o 1—-0 1 -V 1+¢

+ 4,30 {w + 1K, (D) + Ri_1B_1(D) N M, (D) N D, (i) 6
P; P; P;
B, M,
1) + P(:) - P(l)]} F P D{KD)
. . I.(i) .
- [(1 ~ s () + (D) = ( = @) It(z)]}
The first-order conditions are
aL
3c, = GO - @ =0
0L, 1 M, 1 ) 1 )
e D S a0 4 5 BB () = 0
aLt Wt(l)
N, = N, (D)? — 2:() b, =0
0Ly _ N . o I (D) . I (D) _ 1. (1)
= 0-wo -5 () g ()
) (e (D I 0) _ ~
— BEe1 () [_S < 1, )(‘ 1, (D)2 > 1t+1(l)] =0
Ly . . :
3K, = () + BEApsr (D141 — BEWYe (D1 —8) =0
0L PAyi (DR A.()
0B Py P
The following equations can be obtained by rearranging the first-order conditions:
Ce(D7° = 2.(D) (4.4)
me () = 2, — Len D +5)
t+1
Wt
N = 2 () 2 (4.6)
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NN S S O RN AN 1) o (T @ (Tenan D
w0 =00 [1-5 (715 ) 7 ()| 0 [5 (7)) l(‘”)

Y (@) = .BEt[At+1(i)rtI:-1 + Y (DA - 5)] (4.8)

/1t+1(i)] (4.9)

At(i) = BR.E; [H—

t+1

where A; and Y, are Lagrange multipliers associated with the household’s budget constraint and

capital accumulation equation. m; is the real money balance and I1; = PPt .
t—-1
The conditions can be further reduced into
R, Ct+1(i)>_a]
1= pE - 4.10
PE: [Ht+1< Ce (D) ( )
mt(i)_v _ Rt - 1 (4 11)
C.(D° R -
A
0. = B [Z2 [ + (1 - 90 O] (4.12)
t

. . N 2
Gerr (D) Aesr (D) ' (It+1(l)> (It+1(l)> (4.13)

(D) LD Lo\
40 [1‘5 <1H(i)) O <1t_1(i)>]‘1 Ee 20 S\ o \ Lo

el

Equation (4.10) is an Euler equation that describes the household’s intertemporal consumption
decisions respectively. Equation (4.11) is money demand equation implying that the opportunity
cost of holding cash identical to the nominal interest rate. Equation (4.12) implies the mechanism

of the asset price determination while the equation (4.13) is the process of the investment
related to the adjustment costs. q; is defined as Tobin’s marginal g, equals % That is,
t

q. represents the increased real profit for each additional unit of capital stock.
For simplicity of derivation and analysis, focus on the symmetric equilibrium, i.e. C;(i) =
Ce, M (D) = My, K (i) = K¢, q: (D) = qq.
Next, consider labor supply decisions of households and the wage setting. Households supply

their homogenous labor to an intermediate labor union which differentiates the labor services,
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sets wages following Calvo’s (1983) rule and offers the labor services to intermediate labor
packers. The labor packers purchase the differentiated labor services and provide it to the
intermediate goods producers.

The aggregate labor supply is defined as

€w
Ew—1 ew—1
€

1 w
N() = fONt(i.j) di (4.14)

1
Nt =f Ne (Ddj (4.15)
0

where N, (i, j) is the i type of labor supply to the firm j, j € (0,1). N, is a composite consist of
differentiated labor services N,(j). €, denotes the elasticity of substitution between
heterogeneous labors, €, > 1.

The labor packers maximize profits:

€w

Ew—1 eyw—1
1 1 €w
maxyg Wil () — f W, (DN, (i, ))di s.t. N,(Gj) = f NG ) di (4.16)
0 0
The first-order condition is
1 Ew—1 E:,vil_l
€ Ew ew=l e, —1
W, —% f NG )  di NG j) e = w,(D) (4.17)
ey, —1\ Jy Ew

Rearranging the above function, the demand function for i type of labor by firm j can be derived

by
—€

(W v
MGD) = (Gr) MO (4.18)

Substituting Equation (13) to (12) yields the wage evolution function:

W, = ( f W, (i)l-Ewdi)ﬁ (4.19)
0

Under Calvo’s pricing assumption, in each period, each household has an equal probability of

reconsidering its price with a probability w where 0 < w < 1. Households choose the optimal

nominal wage W, (i) to maximize their utility. Utility is divided into two parts: one is the disutility
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brought by labor; The second is the positive effect of income generated by labor, which is
converted into utility using the Lagrange multiplier. Supposing that the household is able to
optimally adjust its wages W;(i) in the periodt, and is unable to adjust its wages in the

subsequent periods, W, (i) = W.(i),s > 0. The corresponding optimization problem is:

(o]

t() t, Nt(l)1+¢
maxyy e ) (@) ey () =5~ Neas (D) — =521 (4:20)
s=0
It is constrained by the labor demand curve
We(DXes\ v
Neys(@) < (%) Neys (4.21)
t+s

where,

I, xIl, x..xII, t=>1
Xt,s={11 2 t o

Let W, denote the value of W, (i) set by a household that can reoptimize its wage rate at time t,

the Lagrangian function of the optimization of wage can be written as

WX
ttSthse (ttS)EWN 9
L= EZ(wﬁ)/l (D) () Neys =
t t+s +S Wt+ t+s 1+ ¢
The first-order condition associated with W, is:
0L N ~ ~(1+¢)e,—1
= B, ) () (e (WX, ANl
oW, (i) .
S=

C At+s [ oy —€Ew
—E; Z(w[)’)s( P © (ew—1) (WtXt,s) (Wess)¥Neys) = 0
penrd t+s

Divide both sides by (WtXt_S)_EW, the first-order condition of the optimal nominal wage is

Ew EfZ‘s” o(a)ﬁ)s(lp(WHs)(H(p)ng
w1 g 32 A e,

WX Nes(0)
EtZ(wﬁ) DO T

(WtXt,S)1+EW —

INe+s () (4.22)

€w

where | define np,, = p—

The aggregate wage is given by the Dixit-Stigltz form.

1—€,

W = (1= )W~ + (e Weey)' | (4.23)
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4.2.2 Final goods producers

The final good Y; is a composite made of an infinite continuum of intermediate goods Y;(j).
The final goods sector produces goods by combining the intermediate goods, packages them into

Y; and sell to consumers, investors and the government in a perfectly competitive market.

€p
ep—1 €p—1

1 €&
Y, (j) = fo Y:(j) di (4.24)

Under a given production technology (4.24), the final product producer takes the final product
price and intermediate product price as given, and chooses the quantity of intermediate products
to maximize profit:

€p
ep—1

ep—1

1 1 €
mazxy(j)PeY; — j P.()Y,()di s.t. Y, = f v,(j) | di (4.25)
0 0

The first-order condition is:

Pt(j))_ep Y, (4.26)

na) = (5

Equation (4.26) denotes the demand function of intermediate goods. It implies that the demand
for intermediate goods depends on relative prices and price demand elasticity parameters €,
and at a given price index P;, the demand for intermediate goods Y;(j) follows a downward
sloping curve, that is, it declines as the price P;(j) rises.

The profits of the final goods producer is zero due to it faces perfect competition. Substituting

Equation (4.26) into (4.24) yields the aggregate price index function:

1

1 —_—
P, = (J P, () crdj)l=cr (4.27)
0
4.2.3 Intermediate goods sector

Defining the production technology of the intermediate firm j is given by:

Y. (j) = Kee (DN () (4.28)

The firm’s profit is given by:
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Pe(NY:()) = WeN. () — r{ K1 () (4.29)
where 7 is the rental rate on capital.

The Lagrange function for the minimization problem of firm’s cost is:

Ly = Pe(NY, () = WeN () = 7K1 () + ¥ () [Kt—l(f)aNt(f)l_a - (Pt_(j))_ep Yt] (4.30)

Pt
The first-order conditions for labor and capital stock are:
(aNtU)): W =9 (DA — @)K (DN (4.31)
(0K, (D): 7 = Pe(DaK,_1 (N* N (N (4.32)
where ¥, (j) is the Lagrange multiplier associated with the production function and equals
marginal cost MC;.

Combining the first-order conditions, yields:

Wy _ 1—ake1()

-t , (4.33)

X a N()

All firms face the same marginal cost MC; and equal to:
MC, = ¥, (j) = a~%(1 — @)~ - Dy, =% k” (4.34)

The intermediate firm’s profits are:

P(j)
Py

[ - MCt] Pth(f)

Considering that the intermediate firm is able to adjust the price in period t and is unable to

adjust the price in subsequent periods with probability y. It is assumed that the optimal price is

P,, the maximization profits problem can be written by:

c PXes .
maxﬁtEtZ(yﬁ)SAt+S[ P > - MCyys]PrssYers(),
5=0 t+s
J25 AN
s.t. Yoo () = ( - ) Yers (4.35)
t+s

The first-order condition is:

P = €p Ee X52o(¥B) Appsmey Py s Yigs (4.36)

6= 1 E T (B s Peas Wins

The aggregate price is given by the Dixit-Stiglitz type constant elasticity of substitution

aggregator and it is divided into the changed price component and the unchanged price
component.

PP =(1- Y)ﬁtl_ep +y (e Peog)'CP (4.37)
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4.2.4 Monetary and fiscal policy

Assume that the impulse responses to both the Taylor (1993) rule and the money growth rule
that discussed in Christiano, et al. (2001).
As standard in the literature, the central bank sets nominal interest rates R; by following a
Taylor(1993) rule which responds to both output and inflation:
Ry = (= 1) + (Y = V) + 7} (4.38)
Y is the steady-state value of the output Y;, ¢, ¢, are parameters that indicate the sensitivity
of interest rates to changes in inflation and output gap, and ¢, ¢, > 0. Eé' is an exogenous shock.
The money growth rule satisfies an AR(1) progress:
AlogM, = p,AlogM,_q + T[*
AlogM; = logM; — logM;_,
where p,, is the persistence parameter, 7/ is an exogenous shock.
Finally, it is assumed that the government has access to lump sum taxes and seeks a Ricardian
fiscal policy. Under this assumption, fiscal policy has no effect on aggregate economic variables.

Therefore, the fiscal policy is not specifically set in this model. (Sims 1994, Woodford 1994)

4.2.5 Aggregation

The aggregation of the household’s budget constraint and the intermediate firm’s budget
constraint in i and j are:
P.C; + P+ By + My = W,N; + Pr¥K,_y + Ry_1By_1 + M4 + D,
Dy = PY, — W,N, — PirK,_,
Integrating the budget constraint across households and combing with the government budget
constraint, the goods market clearing condition can be obtained by:
Y, =C, + 1, (4.39)

4.3 Steady state conditions

First, from the Euler equation,
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| =

The capital rental rate is:
rk=R+6—-1

The optimal price equation at the steady state yields the steady state value of the marginal

cost:
€,— 1
me = -2
€p
Accordingly, the real wage at the steady state is:
€, — 1

mc _1_ € L
w=(1-a)(a” (rk)a)l—u =1 -a)(a”® Ok )i-a

Further, according to the capital return function (4.33), the labor-capital ratio at the steady

state is:

K w «a
N 7k

r“l—«a

From (4.28) it is easily obtained the steady state value of output as follows:
Y = KaNl—a
Combing the above two equation yields the output-capital ratio:

K (1-ay*

a-1
Y w )

Finally, the steady state value for consumption-output ratio is:

c_1 I
Y Y

4.4 Linearization

In this section, | log-linearize the equations of the household’s behavior (4.10)-(4.13) around
the steady state.
First, taking the derivative of logarithmic function of the equation (4.10) and expanding both

sides around the steady state derives:

R Ct+1(i)>_a]
1=pE - 4.10
RE: [Ht+1< Ce(D) ( )
1
Ce = ErCryq — = (fe — EtTteyr — p) (4.40)
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Re—R . _ C—C

where p = Inf, 7, = = G ==

Similarly, taking the derivative of logarithmic function of the equation (4.11) and substituting

R= %, the linearized equation can be obtained as follows.
m.(i)™ R;—1
t(' )_ _Re (4.11)
Ce(D)~° R;
, o=, v(A-p)
T‘t = ﬂ Cf - B mt (4.4’1)
where 7, = me—m

Next, consider the linearization of the asset price determination function. Equation (4.4)

A Cepinm e A E
implies % = (%) 9, and substituting it into (4.10) derives ;:'1 = %% As a result, the (4.12)
t t t t

can be rearranged by:

L7, .
@D = B (5o I+ (1= 90, 0]

The log expression can be approximated by a first-order Taylor polynomial at the steady state

as:
L (4.43)

14
where 6 = o dc =

Taking the derivative of logarithmic function of the equation (4.28) obtains:
Ve = ak_q + (1 — )i, (4.44)

Furthermore, take the derivative of logarithm of (4.33):
Wy 1-ak;_1()) (4.33)

G_k_ a N

kt—l = Wt - f'tk + ﬁ’t (44’5)
k k
~  K-K , rk—rk NN
where k, :tT’ f = trk A = tN .

Next, | focus on the derivation of the wage Philips curve (WPC).

For convenience, | define:

~ Wf Wt
Wt = W ’Wt = P_
t t

Linearizing (4.22) around the steady state and rearranging it by making use of (4.18) yields:
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AN o A= Bo)W =D, o T
T+ B = ) (B0 (Rers = s s) + N (B0Y (e + iy
t=1 znw 1 j=s Nw 1

- ét+j)

Combining the above expression with the linearized deviation of (4.22) obtains:

~ ~ ~ A~ A~ ~ A~ (1-nw)o A 1-Nyw A
KyWe = BEWeyq + We_g + BE(Rpyq — 1) — (Be — tp—g) + b T o U (4.46)
— bw(1+ﬁy2)—77w — 2ny—1
where k,, = ™ »bw = ey

Next, move to the derivation of the New Keynesian Philips curve. Linearizing the equation

(4.36) by employing Uhilig’s (1999) method, the equation can be rewritten as:

PP =(1- V)ﬁtl_ep +y(m_q Pog) o (4.37)

X vV . .
Py = 1—y (fty — fe-1) (4.47)

Log-linearizing (4.36) and (4.37) and combining the two linearized equations yield the dynamic

equation of inflation:

. a-pa-yp
T T T A g

Equation (4.45) is the New Keynesian Philips curve (NKPC), which describes the supply side of

(4.48)

Ty = Eiftepq +

1+5

the economy. The detail of the derivation of (4.48) is shown in Appendix. It shows that the effects
of stickiness are on the marginal cost of intermediate firms mc;.
Moreover, the log-linear form of real marginal cost (4.34) can be written as:
me, = aff + (1 — a), (4.49)
The aggregate asset constraints (4.39) can be converted into log-deviations form:

L _C, T
yt = ?Ct +?lt (450)

Finally, the linearization of the monetary policy is

Tt = Qpfty + Gy + T (4.51)
The exogenous monetary policy shock T,f is determined as
i =pti_ +€l, ei~ii.d(0,07) (4.52)

The linearization of money growth rule is:
e =Pty + €, €t~ii d(0,03) (4.53)
where yu; = M; — M;_, represents the money growth rate. Since in linearized form m; = M, —

p:, thus,
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Ue =My —Myp_q + Ty

In additional, the zero lower bound constraint is given by

1
# > —In (5)

B

Heretofore, the endogenous variables are {&,, 7, 7t,, My, Gp, 715, i, Ver ke, g, Wy, g, TE 3 and the

linearization equations are (4.40) - (4.53).

Ce = EiCryq — ;(Tt — Etftepr — p)

L _o=p), va-p)_

Ce

Tt B B t
~ ~ X rk ik 1-6 R
Qe = Ecflers —Te ¥ T s Ten ¥ 7w — 5 Bellen
. B . 1 B
Le :mEtlHl + 1 _I_ﬁlt—l + 1 +ﬁqt

P =ak,y + (1 —a)f,

7 PN ~k ~
kt—l - Wt —T‘t +nt

A-nwa, 1-nw_

KWy = BEWepq + Wiy + BE(ftpyq — ) — (ftp — tp—g) + Ce

b,,w

B 1 1-pa-yp)
T, = mEtﬂtH +mnt_1 + YA+ 5) mc;

R
Ye=gltyl

A ~ ~ i

Tt = Qpfly + Gy + 11
i_ i i

T¢ = PiT—1 T €,

— m m
He = PmTe—1 T €

4.5 Calibration

b,,w

ne

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.48)
(4.49)

(4.50)

(4.51)
(4.52)

(4.53)

As in standard literatures, the value of household’s discount factor  is set to be 0.99 which

means the annual risk-free rate is 4.1%4, the capital share of the production function a equals

0.3, and the depreciation rate § is fixed at 0.025 (on a quarterly basis) which implies an annual

rate of depreciation on capital income equal to 10 percent. The parameters of the utility function

14 According to the nominal interest rate function i = /g, as the inflation at the steady state is
assumed to be zero and the data frequency corresponding to the model is quarterly, so the annual

4
nominal interest rate is i* — 1 = (E) - 1=4.1%.

B
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are assumed to be distributed as follows. The elasticity of labor supply is set at 1.5, and the
elasticity of substitution in money is 2. These are all standard calibrations.

| set both the value of stickiness in prices and in wages to be 0.75 which means the average
price adjustment period and the average wage adjustment period are both 1 year, namely 4
quarters. In addition, elasticity of substitution between different intermediates and between
heterogeneous labor are assumed to equal 11 which implies that the markup of wages and prices
are 10%. The value of 8 which is the inverse of quadratic differential of investment adjustment
function is assumed to be 7 based on Christiano, et al. (2005).

Furthermore, the Taylor rule weight of output and inflation are set as 0.5 and 1.5 respectively.

The persistence parameters of exogenous shock are both set at 0.5.

Share/Parameter Description Value

Steady state value

c/Y Consumption to GDP 0.5488

1Y Investment to GDP 0.4512

rk Rental rate on capital 0.0351

mc Marginal cost 0.909

Parameters

15 Discount factor 0.99

o Elasticity of substitution in labor 1.5

v Elasticity of substitution in money 2

1) Capital depreciation rate 0.025

a Capital share of the production function 0.3

W Stickiness in wages 0.75
Stickiness in prices 0.75

€p Elasticity of substitution between different intermediates 11

Ew Elasticity of substitution between heterogeneous labor 11

6 Inverse of quadratic differential of investment adjustment 7
function

o Inflation Taylor rule weight 1.5

oy Output Taylor rule weight 0.5

Di Autocorrelation of money policy shock 0.5

Pm Autocorrelation of money growth rule shock 0.5

79



TABLE 4.1 THE VALUES OF EACH PARAMETERS

4.6 Simulation

4.6.1 The HP algorithm method

First of all, I introduce the HP algorithm method to cope with the ZLB constraint.

When the ZLB constraint is binding, the nominal interest rates likely stay at zero for some
terms. As agents can manage their decision given the information about the time that shock will
happen, thus, the impulse responses can be treated as an anticipated shock. The structure of the
HP algorithm is accommodated to replace future ZLB with anticipated shock by adding the

“shadow shocks” .

Introducing the shadow shock term to the Taylor rule:

T -1
Fo= Gufte+ by 90+ 1L+ Z vl (4.54)
s=0

where v{ is the shadow shock which is known att — s and occurs at period t. For instance,
when s = 3, v{’; can be written in an AR(1) process as:
Xt = PxXe—1 + Ve + V(3
vi3 = shadow3,

shadow?2, shadowl;_;

[shadOWBtl [shadowzt_ll
shadow1, £

When there is a zero bound constraint, the nominal interest rates have to satisfy

r# = max {— In <%) , rt} (4.55)

According to Holden and Paetz (2012), the above function can be converted into a parameter

weighted form:

1
TtZ = UT,t + ln (E) + Ar’ta (4’56)

where U, is the shock response of the interest rate to an unanticipated policy shock and 4, is the
responsesto T*, aisa T* X 1 vector.

As a result, to deal with the ZLB constraint, the key is to find the optimal value of vector a.
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To solve a, the method applies a complementary slackness condition as follows:

1
al (Ur +In (/_3) + Ara) =0 (4.57)
1
a* =argmina’ (Ur +In <E) + Ara) (4.58)
1
s.t.a = O,Ur+ln<E) +A4,a=0

If the objective function is near zero, it regards a™* as satisfying the complementary condition.
Finally, the responses solving ZLB for each variable is:

Ul +Ala* (459)

4.6.2 Impulse responses under the ZLB constraint

In Figure 4.1, the black line shows the responses to the Taylor rule shock without the ZLB
constraint, while the blue line implies the impulse response with the ZLB by the HP algorithm.

Under an easing monetary shock, according to the Taylor rule, the short-term nominal interest
rate falls, thus bringing about an expansionary effect: the decrease in the nominal interest rate
causes the increase in the labor supply, money supply, inflation, investment and output. The
change range of consumption is modest, retaining approximate a horizontal trend. This is
because the effect of monetary stimulus on consumption is offset by a fall in wages as the supply
of labor increases. On the whole, since the ZLB constraint is not binding, the monetary policy
under the Taylor rule is significantly effective.

As shown in the blue line, the effect of monetary easing policy is distinct weakening compared
to the result without the constraint. The interest rate approximately keeps staying at zero for all
the time and other economic indicators such as output, interest rates and labor supply have a
fraction of response to the shock. The nominal interest rates cannot be reduced under zero
anymore due to the ZLB constraint, which results in the decrease in the ability of easing. This
absence of significant easing dampens the effectiveness of monetary policy attempts to stimulate

the economy by adjusting interest rates.
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FIGURE 4.1 IMPULSE RESPONSES TO MONETARY POLICY SHOCKS UNDER THE TAYLOR RULE

4.6 Conclusion

This chapter explored the impact of monetary shock by utilizing a medium scale DSGE model
with nominal rigidities in price and wage setting, real frictions such as investment adjustment
costs. The model consists of two types of firms which are final good firm and intermediate good
producing firm and both fiscal and monetary authorities. Since it is assumed that the government
has access to lump sum taxes and seeks a Ricardian fiscal policy, which means fiscal policy does
not affect aggregate economic activities, therefore the fiscal policy was not specifically set in the
model. The results of simulation indicates that under the non-negative constraint, the monetary
shocks still affect the economic variables even though the effects are not as significant as without

the zero lower bound constraint on nominal interest rates.
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APPENDIX 4
Method
The method that implemented in this subsection primarily based on Uhilig(1999).
Define the log-deviation of variable x; from its steady state x as:
X = Inx, — Inx

The right hand side of the above equation can be rewritten as:

Xt—

ln(%)zln(1+ - )

The log expression can be approximated by a first-order Taylor polynomial at the steady state
Xt = X,

xt_x

ln(l +xtx—x)

IR

1
nl+—-(x—x)=
x

As a result,

_ Inx¢ x
Moreover, since xe*t ~ xe!™t~I"* = xeinx = Xt =1x

Thus, x; =~ xe*t holds.

Linearization
Log-linearize the equations of the household’s behavior (4.10)-(4.13) around the steady state.

First, taking the derivative of logarithmic function of the equation (4.10) derives:
R, Cm(t’))““]
1=pBE|=— - (4.10)
PE: [Ht+1< Ce (D)
In1 = Inf + InR — E;Inm;q — 0(E¢InCyyq — InCy)

Expanding both sides around the steady state yields

R, —R Ty — T Cey1—C C—C
0=1 — — E,(——) —d(E — -
np + o ¢( = ) —a(E; I I )
Rewriting the above equation yields:
A~ ~ 1 A
Ce = EtCriq — ;(Tt — EiTteyy — p) (4.40)

" R(-R Ce—C
where p = Ing, 7, EtT, é = fC_ :

Similarly, taking the derivative of logarithmic function of the equation (4.11):
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m)™ R -1

CO° R S

—vinm; + olnC, = In(R; — 1) — InR;
R ) 1 _ 1 _
—v(lnm; + m;) + o(InCy + ¢;) = In(R; — 1) + m(Rt —R)—InR - i (Rt —R)

Substituting R = = into above equation, the linearized equation can be obtained as follows.

1
B
o o(-p), vA-p)

= - m

7, 5 2, 5 . (4.41)

my—m

where m; =

Next, consider the linearization of the asset price determination function. Equation (4.4)

A Cepinm e A E
implies % = (%) 9, and substituting it into (4.10) derives ;:'1 = %% As a result, the (4.12)
t t t t

can be rearranged by:

L7, .
@D = B (5o I+ (1= 90, 0]

Taking the logarithm on both sides results in:
Inge = =Inp + IE;mypq — IR +1In (rfsq + (1= 6)Ges1)
The log expression can be approximated by a first-order Taylor polynomial at the steady state

as:

_ ) 1
Ing, + §. = —Inp + InE;mpyq — InR — 7 + [In(r* + (1 - 8)q) + m(rtk+1 —7rk)

1-96 B
+ 1 (1=0) (Gr+1 — @]
~ X rk X 1-6 ~
Qe = Eetters = Te ¥ T s Ten Y T — 5 Bellen (4.42)

The linearization of the equation (4.13) employs the first-order Taylor polynomial expansion.
For simplicity, | assume S(1) = S'(1) = 0. The following relationship can be derived:
4 — S”(it - it—l) = —B(S"Eles1 —S"Tt)

Arranging it results in:

. 1 4 o
1+t 14l

(4.43)

where 8 = %, gr =
s
Taking the derivative of logarithmic function of the equation (4.28) obtains:
InY; = alnK;_, + (1 — a)InN;

Subtracting the steady state values of logarithmic form of each variable from both sides
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derives:
InY; — InY = a(lnK,_, — InK) + (1 — a)(InN; — InN)
As a result, the linearized production function is given by
Ve = ak_q + (1 — a)ii, (4.44)

Furthermore, take the derivative of logarithm of (4.33):
W, _1-aki ()
X a N
InW, — Inr} = In(1 — a) — Ina + InK,_; — InN,

(4.33)

The steady state of the above equation is:
InW — inr* = In(1 — a) — lna + InK — InN
Subtracting the steady state values of each variable from both sides, the above equation can

be rearranged as:

kt—l = V’l\/t - f‘tk + ﬁt (445)
7 _ KK s _rirk o Ne-N
where k; =Ty =y =——.

Next, | focus on the derivation of the wage Philips curve (WPC).

For convenience, | define:

W, Wi
yWe = P,
t

Wt:W
t

Linearizing (4.22) around the steady state and rearranging it by making use of (4.18) yields:

SN o A= Bo)W =D, o T
T+ W = D (B0)* (Regs = Repsr) + s > (B0) (e + — 2By
£ M s Mo

- 6t+j)
vzvt + W, corresponds to the percentage deviation of the household’s real wage rate from its
steady state value and W, = W, — ;.
Dividing by P; and linearizing about steady state of (4.22) obtains:
(1 - )W, = wW — w(We—q — (B — RBp—1))
Combining the above expression with the linearized deviation of (4.22) obtains:

by, (1+By?) =1y _ . . S (1-ny)o
= Wi + BEWipq + BE(Rryy — Re) — By — Rpog) + ————
bww bwa)

1—leﬁ
byw °©

0=w¢q— t

Rearranging it yields:
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~ ~ ~ ~ ~ ~ ~ (1-nyw)o 4 1-Nw A
KywWe = BEWrpq + Wi + BE(Rpyq — ) — (B — fipq) + o w St T e (4.46)

bw(1+ﬁ]’2)—77w 2ny—1
where k,, = = .
w byw PEW T (1—w)(1-Bw)

The detail of the derivation of the New Keynesian Philips curve will be shown in next section.
Moreover,
MC, = P, (j) = a™%(1 — @)~ - Dp, 1= k” (4.34)
InMC, = —alna — (1 — @) In(1 — a) + (1 — @) InW, + alnrf
At the steady state, InMC = —alna — (1 — a)In(1 — a) + (1 — @)InW + alnr¥
Subtracting the steady state values of each variable from both sides:
InMC, — InMC = (1 — a)(InW, — InW) + a(Inrf — Inrk)
The log-linear form of real marginal cost (4.34) can be written as:
me, = aff + (1 — a)w, (4.49)
The aggregate asset constraints (4.39) can be converted into log-deviations form:
YA +9)=CA+é)+I1(1+1,)
Multiply out the log-deviations equation and subtract Y on the left and (C + I) on the right to

obtain:

L _C, T
Ve = ?Ct +?lt (450)

Finally, the linearization of the monetary policy is

Tt = ¢nlty + Gy P + T (4.51)
The exogenous monetary policy shock Té’ is determined as
i =pti_ +€l, ei~ii.d(0,07) (4.52)

The linearization of money growth rule is:

Ue = pmTit, + €, €'~i.i.d(0,0%) (4.53)
where yu; = M; — M;_, represents the money growth rate. Since in linearized formm; = M; —
p:, thus,

He =Me — Mg + 10

In additional, the zero lower bound constraint is given by
R 1
7y = —In (%)

B
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Derivation of non-linear new-Keynesian Philips curve

The first-order condition of firms resulting from price setting is represented by:

t t .
EtZ(yﬂ) Do P2 ey 1P Yo () =0
t+s

X
B.X,, \T-x
Yirs() = (i) Yiis (4.35)

Pt+S

where
X = %, and €, denotes an elasticity of substitution
o

X

T~
The FOC can be expanded in the following way:
~ X
EtZ(Vﬁ) Aeys| ;3 At XMCii] (%)1_)( Yiss
t+s t+s

Pt Pt ﬁ pt Y 4 =x
= At |5 —xmee|| 5 PYy + YBAts1 |5 — XMCeyr || ¢ Pri1Yiq
P, Py Py Py

X
X

P 4y vy P\
+(¥B)* Ay P, 7Tt M1 =~ XMCea2 | T Teyq p— PrioYip +
42

- X X ~ . X
Py (Pe\17x P\« P, Py \17%
== |5 PYy — Agxmee | o PYe + vBA 15— Pey1Yiiq
Py Priq \Prya1

P,

X ~ X
P, \1-x P, 1-x
—YBAts1XMCriq Pry1Yer1 + VB Apyy —— PrioYiyo
P Pryo

t+1 Pt+2

X
P \tx

— (¥B)*Ap2Xmcrsn P PrioYin +

42

Below | divide the above equation into two parts, first part is Z;":O(yﬁ)sAHSPiXHSPHSYHS
t+s

and the second part is X2 o (¥8)° ArrsXMCrssPrisVess.

First part

Denoting the first part as P,x}
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1
1 ~ 1% 14 Pe \1-x
Pexy = (B )Y XP Y, + YBAr1 (T[t - ) Pey1Yiiq

t+1
8 1
+ (VB Aes2 (”Z”Zﬂ L)l—x PeyoYeyo +
Tey1T42
where p; = %.
Forwarding one period the equation, the equation becomes:
1 U
PrprXiyr = Aes1 Bee1) T Pei1Yepn + VBAts2 (”2/4.1 %)I_X PriaYei2
N 1
+ (VB A3 (”Z+1”Z+2 L)l—x PeyaYepz 4+
Te42Te+3

Next, we look for an expression ¢, that meets the following condition:

1

~ 1% Y bt 1-x
Qe X App1 Bre1) V7 XPei1Yepr = VB4 (1] — Pii1Yesa
t+1
As a result,
S
P \T%, , L 1 1
o =78 (L) R
‘ Tt4q t i1
Thus,
1
L P \T L1 1
Puxy = (P ) XPY, + v <~ ) (m{)=x( YIXP 1 Xy
Pe+1 Tt4q

1

1 = 1 1
oL P NTX_, L 1 1
Pryaxter = A1 Bee1) 7 XPeiq Yewr + VB <15 2) (”Zﬂ)l_x(n 2)1_XPt+2xt1+2
t+ t+

Dividing by P; gives:

‘ -

) o Pe \1-
xi = A (P)TXY + yvp (ﬁ )
t+1

1

Tt41

=

1 X
()X () Hxyy

Second part

Similarly, denoting the second part as P.x?
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A P
Pext = Aexmee (B XP Yy + YA XMCriq (”Zn_

t+1

X
1-x
) Pt

X
Pt 1-x
+ (VB Ap2XMCt42 (”rﬂzﬂ —> PepoYiip + o
Tt41Tey2
. -
~ e Pe+1\1—%x
Pt+1xt2+1 = Aer1XMCri1 (Pry1) 7 XPri1 Ve + YBArs2XMCey 2 (”Zﬂ n_) PeoYiio
t+2
N v
Pt X
+ (YB)?Apy3xmepys ( ) PrysVipz +
TTt42Mt43
We look for an expression ¢, that meets the following condition:
- X
~ 1% Y Pe \1-x
O X Aep1XMCrp1 PV X Pei1 Verr = VBA1XMCeiq TT; 7T_1 Pri1Yipq
t+
Thus,
5. \T-x 5oNTay . X 1 X
Dt X Dt X X X
o =v8 (mf =) = () 2o) T Ry
Tt+1Pt+1 Pe+1 Tt41
_X_
, X P \TX_y - X ,
Pexi = Agymey(P)1=XPY, + vB (~ ) (rrp )1=x( )X Py Xi4q
Pt+1 Tt4q
X D 1L X X
L Pe+1\1-x 4 By
Pt+1xt2+1 = Aes1xMCi1 Be41) " APri1Yeir VB (~ ) ("Z+1)1_X(_)1_th+2xt2+2
Pt+2 Tty2
Dividing by P; yields:
X 7] 1L X 1 1-x
LT Pr \1-x 4 —4
x¢ = Agyme(B)1-XY, + B <~ ) ()X (—) 12X x4
Pt+1 Tt+1

Next, log-linearizing the equations related to x}, x? around the steady state.

A~

Tt

xPA+RD =AY(A+ 1, +

x 4 1 ~x ~
P+ V) + vBxt(1+ :{(Pt - Pt+1) + 1—y

I-x
X . o
- mnt+1 + R4y

a1 A 1 - 5 1 = = X 4 X . 1
X =0—-yp)| A4+ 1_Xpt+Yt +Vﬁ(m(Pt_Pt+1)+ 1 _X”t_ 1 _XTft+1 + Xe41)

The log-linearization of the second part results in:

X .o 1-2x
_X”t+ 1_X7Tt+1

o Ay X z .o X (z =
=0~ VB)(AL“+mct+mpt+Yt)+)/.3(m(pt_pt+1)+1
+%241)
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Linearizing the price index function (4.37) by employing Uhilig’s (1999) method, the equation
can be rewritten as:
P =(1—- Y)ﬁtl_ep +y (e Pry) ' CP (4.37)
pl-epo(l-€p)P — yPl_epe(l_ep)ﬁf—lﬁt—l +(1- V)P*l—epe@—ep)Pt*
Since P = P* at the steady state, as a result,
e(=)Pt = yo(1=ep)aPrioy 4 (1- )/)e(l_ep)ﬁt
Taking the first-order Taylor polynomial expansion obtains:
1+(1-€)P=y(1+ (1= €)1 P)) + (1 —Y)A+ (1 —€,)P)

Regrouping the above equation we find the price determination function:

14
1—y

pe = (fer — Re-1)

Substituting for £ and X7 into £} = &7 results in:
X . X

A T 1. .
(1_Vﬁ)(lt+mpt+Yt)+yﬁ(m(pt_pt+1)+1_)(7Tt_1_)(

~ ~1
Teyr + xt+1)

A X = 5 X ,x = X 1-2x
=(1- /1+A+—A+Y)+ ——(Pe = Prsr) + i+ i
( Vﬁ)( ¢t TMC 1 _Xpt t Y'B(l _)((pt Pt+1) 1 _XT[t 11—y Met+1

+ ££41)
Summarizes to:
1 X ~ o~ 1 x x
[(1 - Vﬁ)m -1-yB) m] pe — (1 — yp)me, + Vﬁm(?’t — Pe+1)

X (= = T X .
- VB (m(l’t _Pt+1)> + Yﬁ(l _XTft 1 _X”t+1)

X . 1-2x,
1—X7Tt+1—){nt+1)=0

B — (1 — yB)me, + yﬂ(ﬁt - 5t+1) + YB(R — fte) =0

—Vﬁ(

Substituting the linearization of price index function p, =1]_/—y(ﬁt—ﬁt_1)into the above

equation:

1
(A=) 7= (e =) = (L= yR)mE + VB (1f—X (e =) =72 (o = ﬁt)>

+yB(#@e — fipe1) =0

Divide both sides by y£3:

a-vp . . L
a=np (fte — fir—q) + -y (fte — fop—q) —

Consequently,

1—
%y(ﬁ't+1 — ) + (A — Rpsn) = %

mc
1 t
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a+p . 1 . v . A-vE
A-pB " 1—y ™ A-pp " B
Therefore, the dynamic equation of inflation is:
. B .. 1 A1-A-vp) __
Ty = mEtT[H_l + mﬂt_l + )/(1 n ‘8) mcg

e,

(4.48)

Equation (4.48) is the New Keynesian Philips curve (NKPC), which describes the supply side of
the economy. It shows that the effects of stickiness are on the marginal cost of intermediate firms

mc;.
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CHAPTER V

Conclusions

5.1 Summary of the study

This thesis has explained liquidity trap theory and reviewed the circumstances of Japan’s
economy at the time it collapsed into long-run recession, falling victim to a liquidity trap because
of the stock market bubble bursting in the early 1990s. This thesis summarized monetary and
fiscal policy conduct in Japan following the recession and discussed the fiscal and monetary
stimulus for Japan’s recovery. Previous works demonstrated that in a standard Keynesian theory,
the classic solution for a liquidity trap is fiscal expansion. However in the case of Japan’s economy,
the implement of expansionary fiscal policy is controversial due to the fears of further increases
in the government public debt.

The purpose of this study was to investigate the effectiveness of fiscal and monetary policy on
stimulating Japan’s economy. To achieve that, chapter Il used a calibrated textbook-style
macroeconomic model designed by Ball (2006) to examine the Japanese economy and predicted
Japanese economic trends. The assumptions and value of parameters came from Ball (2006) and
Jinushi, Kuroki and Miyao (2002), with data based on the circumstances in 2003. The simulation
results tended to favor fiscal expansion. In assuming that monetary policy follows a Taylor rule
once the interest rate turn positive, potential GDP rises, and the interest rate also become
positive. After recovery, Taylor rule leads the economy on a path of steady potential output and
inflation. Furthermore, due to high growth and inflation, the debt-income ratio declines. Even
after updating the data to 2013, the conclusion remained the same. The results mostly supported
the view that fiscal expansions can suppress the increase in the debt-income ratio resulted from
the expansionary fiscal policy leads to a less severe drop in nominal GDP (the denominator in the
ratio).

Chapter Il has employed a DSGE model with both “impatient” agents so called borrowers and
“patient” agents so called savers and established a situation when the economy fell in a liquidity

trap caused by a sudden reduction in the quantity of debt. The main findings are as follows. First,
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a temporary fiscal stimulus is effective during zero lower bound periods. Second, a temporary rise
in government spending would not crowd out private expenditure and it would lead to the
increase in debtors with liquidity constraint. Furthermore, in this chapter, it has examined a
controversial relationship between unemployment and the debt-to-GDP ratio. There appears to
be a trade-off between unemployment and the ratio: Expansionary fiscal policies reduce
unemployment but lead to a higher debt-to-GDP ratio. This study has shown that the trade-off
relationship may not exist if the short-term nominal interest rate is zero and if a negative
economic shock is temporary.

Chapter IV turned to analyze the effect of monetary policy with the zero lower bound
constraint. This chapter has implemented a typical medium scale DSGE model with the stickiness
of prices and wages and adjustment costs of investment. To cope with the occasionally binding
constraint, | added the HP algorithm created by Holden and Paetz (2012) to the model to ensure
the nominal interest rates keep being zero. With respect to the effectiveness of monetary policy
under the circumstance of ZLB constraint, the results showed under the ZLB constraint, the
monetary stimulus under the Taylor rule is still effective on aggregate demand even though the

effects are not as significant as without the zero lower bound constraint on nominal interest rates.

5.2 Limitations and future work

Although the findings of this thesis provided some insights of policy implications for Japan’s
liquidity trap, there might have some limitations. For chapter Il, the main criticism of the model is
that the natural rate of interest is not endogenous but determined exogenously. For
improvement, the natural rate of interest in the model that applied in chapter Ill is set as an
endogenous variable. For chapter Ill, first of all, although the study has shown the trade-off
relationship between the unemployment and debt to GDP ratio, it has not fully discussed the
effects of business cycles on the primary balance. Even if there is no additional government
spending, a recession will produce primary deficits, which will result in a higher level of debt. The
analysis on the change in primary balance will be a subject for further analysis. Second, Second,
the values of the parameters are consistent with Eggertsson and Krugman (2012). For greater

rigor, the values of the parameters should be calibrated using actual data and more empirical
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research should be conducted in the future research.

For chapter IV, with respect to the money growth shocks, the analysis has not simulated the
impulse responses to the money growth shock and adequately discussed the effect of the money
growth shocks. Thus, the investigation of the effect of the money growth shock on
macroeconomic variables and the comparison with the effect of the interest rate shocks would
be necessary for the future work. Additionally, since aggregate demand cannot be stimulated by
further interest-rate reductions, the unconventional policies such as quantitative and qualitative
monetary easing (QQE) and large-scale asset purchases have been widely implemented by major
central banks. The analysis on transmission mechanism of unconventional policies is relatively
limited in this research. Thus, the comprehensive discussion on unconventional policy

alternatives and its overall macroeconomic effects should be essential for future research.
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