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I model deflation, at zero nominal interest rate, in a microfounded general equilibrium model.
I show that deflation can be analyzed as a credibility problem if the government has only one
policy instrument, money supply carried out by means of open market operations in short-
term bonds, and cannot commit to future policies. I propose several policies to solve the
credibility problem. They involve printing money or nominal debt and either (1) cutting
taxes, (2) buying real assets such as stocks, or (3) purchasing foreign exchange. The
government credibly "commits to being irresponsible” by using these policy instruments. Tt
commits to higher money supply in the future so that the private sector expects inflation
instead of deflation. This is optimal, since it curbs deflation and increases output by lowering
the real rate of return.

JEL Classification Numbers:E31, E42, E52, E63
Keywords: Deflation, liquidity traps, zero bound on nominal interesi rates

Author’s E-Mail Address: geggertsson@imf.org

"1t is impossible to overstate the debt I owe to Mike Woodford for continuous advice and
exiensive comments on various versions of this paper. 1 would also like to thank Tamim
Bayoumi, Ben Bernanke, Alan Blinder, Eric Le Borgne, Larry Christiano, Helima Croft, Robert
Kollmann, Paul Krugman, Aprajit Mahajan, Thorsten Persson, Bruce Preston, Ken Rogoft,
Ernst Schaumburg, Rob Shimer, Chris Sims, Lars Svensson, Andrea Tambalotti, and seminar
participants at the 2003 Econometric Society Meeting and at the 2002 NBER Summer Institute,
2002 CEPR conference at INSEAD, IUC at University of Pennsylvania, Princeton University,
Columbia, University of California - Davis, University of California — San Diego, Federal
Reserve Board, Federal Reserve Bank of New York, Humboldt University, IMF, IIES
Stockholm University, Michigan State University, and Pompeu Fabra for many useful
comments and suggestions and Shizume Masato for data.



Contents Page
F O O3 Y 3o 1o D Lot (o) + RO OO OO PO PR PP SPOPTPPPIPPOY 3
A. The Deflation Bias: Deflation as a Credibility Problem......coovviiniiciiiiinnens 3
B. Escaping a Liquidity Trap: Deficit Spending......ccovoviiininnnnnicnncnns 4
C. Escaping a Liquidity Trap: Buying Real Assets or Foreign Exchange.........ccccoooen. 5
IL A SImple MOGe] ..o s 6
A THE PrIVAIE SOOI ... e otieetiiierietieieerrre e e essesr e b ss e assr s s s b s b s s bs b s pease st s e b ganas 6
B. The Government Policy InStUmMents. ...t e 8
T The Deflation Bials v eeeeceisisieresieerceeeesecrene s esessarscatsssssassssseseessetesnsstaessabass s sssssesnseseenss 8
A. The Commitment EQUIlIBrBI ...oevcorivriieiiiine e 9
B. The Discretion EQUIDIIUML.c.ccvicciiieiiene i 9
C. Approximate SOMLION ....ccoivviiiiii e s 10
IV. Committing to Being [rresponsible ..o 14
A. The Discretion Equilibrium Under Coordination ... 15
B. Approximate SOITHON ...coiveeiirimrree ittt b 16
V. Non-Standard Open Market OPerations ........ccoociisenninenriinnsses s sesssissass esssesenss 19
AV R O3 T11+3 1313 ) ST OO OO OO OO P 22
Appendices
L MCTOTOUNAATIONS. ..o iti it iereseer oottt e sa s r e s s ks s e s R e b er e e et n e s 25
T, First-Order CONAITIONS ..ovvieviiirriiereeeeiesesseeseessestesiesmsasesas st eisabs s g asss s san s s srnanen s nens 27
III. Recursive Solution Method. ..o ciinir i 34
TV, CAIBIALIOMN ot ctise v e et te et e st e st e e e b e sa s s bbb b e s b e e R R e e b e e s e s bba e b an e e ranenan e nann e 37
RO T ENICES 1 vt eeeveeeeeeeseeeeevsttosisbasrserarasssbanssar e mts e s e eaee s sm e fas e s A b h e R e e b e e e e e b e b e b e e b 39
Figures
1. The Deflation BIAS .o cecceeeeiectceeeeiereesscesseebia it sbssnaessenseanesbs s sb s s e ssmns s sonebesassiesanass 13
2. The Deflation Bias in a Stochastic SEtHNE «.vvereeeeeeieecc e 5
3. Committing to Being Irresponsible.. i 18
4. Committing to Being Irresponsible in a Stochastic SEting ..o 19
5. Buying Real Assets to Commit to INflation .....ueeeccinimn e 21
6. Government Balance Sheet when Buying Real ASSEtS. ..o 22
Appendix Table

IV-1. Varying the Cost 0f TAXES .wovmiminnrieie i e 37



I. INTRODUCTION

Can the government lose its control over the price level and economic activity so that no matter
how much money it prints, it has no effect on inflation or output? Ever since Keynes’ General
Theory, this question has been hotly debated. Keynes answered yes, Fricdman and the monetarists
no. At low nominal interest rates, Keynes argued, increasing money supply has no effect. This is
what is referred to as the liquidity trap. The zero short-term nominal interest rate in Japan today,
together with the lowest short-term interest rate in the United States since the Great Depression,
make this old question urgent again. The Bank of Japan (BOJ) has nearly doubled the monetary
base over the past five years, yet the economy still suffers deflation, and growth is stagnant or
negative. Was Keynes right? Is money supply irrelevant when the interest rate is zero? In thus
paper I revisit this question using a microfounded mtertemporal general equilibrium model and
assuming rational expectations. For Keynes to be right, two extreme assumptions are needed:
first, Ricardian equivalence holds, and, second, the government cannot commit to future policy. If
these assumptions fail, however, Friedman’s position is not vindicated. The role of money supply
is much more subtle—and interesting—than is indicated by the quantity theory of money.

A. The Deflation Bias: Deflation as a Credibility Problem

The paper’s first contribution is to show that deflation, at a zero short-term nominal interest
rate, can be modeled as a credibility problem. This theory of defiation is in sharp contrast to
conventional wisdom about the deflation in Japan today (o, for that matter, United States during
the Great Depression). The conventional wisdom blames deflation on policy mistakes by the
central bank or bad policy rules (see, for example, Friedman and Schwartz (1963), Krugman
(1998), Buiter (1999), Bernanke (2000) and Benabib and others (2002)).2 In this paper, however,
deflation is not attributed to an inept central bank or bad policy rules. It is a direct consequence
of the central bank’s policy constraints and inability to commit when faced with large negative
demand shocks. As Krugman (1998) shows, increasing money supply has no effect in a liquidity
trap if the private sector expects the increase to be reversed in the future. Krugman’s analysis
thus can explain why the BOJ has nearly doubled the monetary base without affecting inflation
expectations. Monetary policy is still effective, however, if the private sector expects the increase
in the money supply to be permanent. 1 show that, under certain conditions, large demand shocks
make the zero bound binding and the private sector always expects current monetary expansion
to be reversed in the future.’ The central assumption behind this result is that the govenment is
discretionary, so that it is unable to commit to future policy. This result indicates that Krugman’s
(1998) proposal, that the BOJ should announce an inflation target, is ineffective absent other

%2 There is a large literture that discusses optimal monetray policy rules when the zero bound is binding. Contributions
include Summers (1991), Fuhrer and Madigan (1997), Woodford and Rotemberg (1997),

Wolman (1998), Reifschneider and Williams (1999) and references there in. Since monetary policy

rules arguably become credible over time these contributions can be viewed as illustration

of how to aveid a liquidity trap rather than a prescription of how to escape them which is the focus here.

3 In contrast Kiugman (1998) shows that this is only true for a “bad” policy rule, i.e. if
the government has committed to fixed money supply in the future.
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policy actions. It is simply not credible.* This unexplored deflation bias of discretionary policy
can be viewed as the inverse of the inflation bias that Kydiand and Prescott {1977) and Barro and
Gordon (1983) analyze. A critical assumption driving the deflation bias is that the government
has only one policy instrument. This policy instrument is the money supply, which is influenced
by open market operations in short-term government bonds. The key idea behind the deflation
bias is simple: aggregate demand depends on the level of current and future real interest rates.
Even if the zero bound is binding, monetary policy can still lower the real rate of interest, and thus
increase aggregate demand, by increasing inflation expectations. When the zero bound is binding
duc to large deflationary shocks, therefore, the government has an incentive to promise future
nflation to lower the real rate of return. When those deflationary shocks have subsided, however,
the ex post optimal inflation is below the government’s previous promises. Then the government
has an incentive to renege. It follows that if the government is unable to commit to future policy,
and agents are rational, the optimal inflation target is not credible. The result is excessive deflation
when the zero bound is binding. The next two sections show how deflation can be eliminated,
even if the government is unable to commit to future policy, by introducing additional policy tools.

B. Escaping a Liquidity Trap: Deficit Spending

The paper’s second contribution is to show how the government can eliminate deflation by deficit
spending. The reason why deficit spending achieves this is as follows: If the government cuts
taxes and increases nominal debt, and taxation is costly, inflation expectations increase (i.c. the
private sector expects higher money supply in the future). That is because higher nominal debt
gives the government an incentive to inflate to reduce the real value of the debt. To eliminate
deflation, then, the government simply cuts taxes until the private sector expects inflation instead
of deflation. Higher inflation expectations reduce the real rate of return, and thereby raises
aggregate demand and the price level. The central assumption behind this result is that there is
some cost of taxation which makes this policy credible.’

Deficit spending has exactly the same effect as if the government followed Friedman’s famous
suggestion to “drop money from helicopters” to increase inflation. At zero nominal interest rates
money and bonds are perfect substitutes. They are one and the same thing: A government issued

*  This has been a common objection of BOJ officials as well. Responding to Kmgman’s

policy proposal, Kunio Okina, director of the Institute for Monetary and Economic Studies

at BOJ, said in Dow Jones News (08/11/1999): “Because short-term interest rates are already at zero setting an inflation
target of, say, 2 percent, wouldn’t carry much credibility.” Similar objections have also been

raised by economists such as for example Dominguez (1998), Svensson (1999, 2001), and Woodford (1999)

®  The fiscal theory of the price level (FTPL) popularized by Leeper (1992), Sims (1994) and Woodford (1994,1996)
also stresses that fiscal policy can influence the price level. What separates this analysis from

the FTPL (and the seminal contribution of Sargent and Wallace (1982) is that in my setting fiscal policy only affects the
price level because it changes the inflation incentive of the government. In contrast, according to the FTPL, fiscal policy
affects the price level because it is assumed that the monetary authority commits to a (possibly suboptimal) interest rate
rule and fiscal policy is modelled as a (possibly suboptimal) exogenous path of real government surpluses. Under these
assumptions, innovations in real government surpluses can influence the price level, since

the prices may have to move for the govemment budget constraint to be satisfied. In my

setting, however, the government budget constraint is a constraint on the policy choices of the govermment,



piece of paper that carries no interest but has nominal value. It does not matter, therefore, if
the government drops money from helicopters or government bonds. Friedman’s proposal thus
increases the price level through the same mechanism as deficit spending. This result, however,
1s not a vindication of the quantity theory of money. Dropping money from helicopters does not
increase prices because it increases money supply. It creates inflation by increasing government
debt which is defined as the sum of money and bonds. At zero nominal interest rates it is
governiment debt that determines the price level because it determines expectations about future

money supply.
C. FEscaping a Liquidity Trap: Buying Real Assets or Foreign Exchange

The paper’s third contribution is to show that open market operations in any asset other than
government bonds e¢liminates deflation through the same channel as deficit spending. Cutting
taxes, or dropping money from helicopters, are only two ways of increasing government debt.
Government debt can also be increased by printing money (or issuing nominal bonds) and buying
real assets, such as stocks, or foreign exchange. I show that these operations increase prices and
output because they change the inflation incentive of the government by increasing government
debt (money+bonds). This formalizes an insight by Bernanke (2000):

Despite the apparent liquidity trap — monetary policymakers retain the power to increase
nominal aggregate demand and the price level [...] One can make what amounts to an arbitrage
argument — the most convincing type of argument in an economic context — that it must be true
[...] The monetary authorities can issue as much money as they like. Hence, if the price level
were truly independent of money issuance, then the monetary authorities could use the money
they create to acquire indefinite quantities of goods and assets. This is manifestly impossible in
equilibrium. Therefore money issuance must ultimately raise the price level, even if nominal
interest rates are bounded at zero.

Bernanke’s argument against the “manifestly impossible equilibrium” can be interpreted as an
argument against Ricardian equivalence. If Ricardian equivalence holds, increasing debt has no
effect. Since money and bonds are perfect substitutes at zero nominal interest rate, this applies to
money supply as well. This paper excludes the “manifestly impossible equilibrium” Bernanke
refers to by assuming cost of taxation. If the government prints money and buys assets it increases
the price level because the private sector expect inflation, i.e. expects higher money supply in
the future. The failure of Ricardian equivalence (that is, cost of taxation) eliminates the liquidity
trap.® This channel of monetary policy does not rely on the portfolio effect of buying real assets
or foreign exchange. In this paper these policies are effective because they increase inflation
expectations even if all assets are perfect substitutes. This paper thus offers a complimentary
arguments to Meltzer’s (1999) and McCallum (1999) proposals for foreign exchange interventions

®  Costly taxation is also a natural interpretation of Bernanke's “arbitrage argument”. To make an “arbitrage

argument”, the arbitrager needs to care about capital gams and losses. Why should the government care about capital
losses? If there is no cost of taxation it would not be concerned since it could make up for any capital losses by lump
sum taxes. Costly taxation can thus be thought of as a parable that explains the government’s aversion to capital losses.



which that rely on the portfolio channel.”

A surprising and radical result is immediate under plausible institutional arrangement that
Eggertsson (2001) calls a “goal independent central bank™: When the central bank is goal
independent, deficit spending has no effect on either output or prices. A “goal independent”
central bank, according to this definition, does not maximize social welfare. The results of this
paper, therefore, are not merely a roundabout way of reaching Keynes® famous concluston that the
government should use deficit spending to get out of a liquidity trap. Deficit spending increases
output and prices only if the central bank and the treasury coordinate policy to maximize social
welfare. As pointed out in Eggertsson (2001), and discussed in the conclusion of this paper, the
goal independence of the BOJ can explain why the high nominal debt in Japan today has failed to

increase inflation expectations.

Deflationary pressures in this paper are due to temporary exogenous real shocks that shift
aggregate demand.® The paper, thercfore, does not answer questions such as what was the origin
of the deflationary shocks during the Great Depression in the United States or in Japan today.
These deflationary shocks are most likely due to a host of factors, such as for example the stock
market crash and banking problems. Here I take these deflationary pressures as given and ask:
How can the government eliminate deflation by monetary and fiscal policy even if the zero bound

is binding?

The outline of the rest of the paper is as follows: Section II presents the model, Section il
illustrates the deflation bias, Section IV how deficit spending is used to eliminate deflation, and
Section V shows how non-standard open market operations can achieve the same aim, Section Vi
concludes and discusses to what extent the model can be applied to the case of Japan. Appendices

I-V contain discussions of technical issues.

II. A SIMPLE MODEL
In this section I derive a simple rational expectations model from micro foundations.

A. The Private Sector

The representative houschold maximizes expected utility:

Fro {Z.B‘{H(Ce,&) +9(Ge) + Q(%) _U(ht)]} (1)

=0

where C; is the consumption, &, is a vector of exogenous shocks, f—"{l real money balances held
at the end of period ¢, G; is real government consumption, and h; are hours worked. Ey denotes

.

" The argument in the paper is also complimentary to Svensson’s {2000) “foolproof™ way of _ .
gscaping the liquidity trap by foreing exchange intervention. [ show explicitly how foreign exchange rate mtervention
increase inflation expectation even if the govemment cannot commit to future policy and maximizes social welfare.

8 In contrast to Benhabib et al (2002) where deflation is due to selffulfilling deflationary spirals.



mathematical expectation conditional on information available in period 0. The utility function is
concave and satisfies standard assumptions. The household maximizes utility subject to a standard
intertemporal budget constraint shown in Appendix 1. The houschold optimal consumption
decisions imply an Euler or “IS” equation:

'uc(ct; ff,) (2)
B
where 7, is inflation, ¢; is the nominal interest rate on a one—period riskless bond, and

= Efu‘—f—:;:t’f;ﬂ. The households optimal money holdings implies:

1+ =

(5

ul(Co€) L+
This equation defines money demand or the “LM” equation. Utility i3 increasing in real money
balances up to a satiation point (at some finite level of real money balances) as in Friedman

(1969).° The left-hand side of (3) is therefore weakly positive. Thus there is a zero bound on the
interest rate:

3)

i >0 (4)

The production function of the representative firm is:

where F is a concave and /; is labor. T abstract from capital dynamics. I assume competitive firms
that maximize profits. Wages are set one period in advance in a competitive labor market detailed
in Appendix 1. As Rotemberg (1983), I assume that firms face a cost of price changes given by the
function d(x;).!° Price variations have a welfare cost that is separate from the cost of expected
inflation due to real mongy balances in utility.!’ (The results in this paper do not depend on that
the cost of price changes being large). Equating the firm labor demand and the houschold labor
supply I show in Appendix I that aggregate output can be expressed as:'"

}/t = S(ﬂ—h uf—lr rUI1(5-2—1) (6)

% A satiation level in real money balances is also implied by several cash-in-advance models
such as Lucas and Stokey (1987) or Woodford (2001a),

0 d(m) > 0if7 > 0andd' (%) < 0if 7 < 0. Thus both inflation and deflation are costly. d(0) = 0 so that the optimal
inflation rate is zero (consistent with the interepretation that this represent a cost of changing
prices). Finally, d’{0) = 0 so that in the neighborhood of the optimal inflation rate the cost of price changes is of second
order. The assumption of perfect competition implies that firms always set prices equal to the aggregate price level.

11 This cost can be more explicitly modelled by assuming price setting a la Calvo (1982). In that

case the cost of inflation is due to staggered price setting. All the results shown i this

paper can be derived in that framework and are available upon request. The advantage of

the framework presented here is that it allows for simple closed form selution {the Calvo

pricing framework requires numerical simulations) and the structure of the game analysed is somewhat simpler.

12 To simplify notation we have replaced the function (L) with a simple transformation #(¥;) = v(F1(¥3)).
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where uf_, = Ey_yu (Y] ~ d(n;) — F,&)52 and vy = B,V F'(F YY) F (V).
Equation (6) is what I refer to as the AS equation. It is, to a linear approximation, equivalent to
the Phillips curve used by Kydland and Prescott (1977) and Barro and Gordon (1983} in deriving
the mflation bias. All the results presented here can also be obtained in the “New Keynesian”
framework that is popular in the literature (although that model does not allow closed form

solutions — see footnote 11).

B. The Government Policy Instruments

The government consists of the central bank and the treasury. Government debt is the sum of the
monetary base and government bonds held by the public, B; = D; + M,. The treasury determines
government debt, B,, by taxation and the issuance of debt D,. The central bank, on the other
hand, determines how government debt is split between money supply, A4;, and bonds, D;, by
open market operations in bonds. By its choice of money supply the central bank determines the
nominal interest rate, 4,, through money demand (3).

I assume that the treasury can only issue one period nominal bonds and that there is an output cost
of taxation (e.g. due to tax collection costs as in Barro (1979)) captured by the function s(r;). For
every dollar collected in taxes s (7;) units of output are waisted without contributing anything to

utility. Government real spending is then given by:
E - Gt + S(Tt)

Real government spending, Fj, is an exogenous process that is for simplicity is a constant F'.
I make this assumption to focus the analysis on deficit spending, F; — 7, as opposed to real
spending F;."* It is useful to write the government budget constraint in terms of b, = %uc(@, &)
{see Appendix I):
Et o ]- 5t—1
uwl(Cn§) Al l+m

I impose a borrowing limit on the government that rules out Ponzi schemes:

*‘i“F“‘Ti (7)

by < b < 00 (8
where b is an arbitrarily high finite number."

I11. THE DEFLATION BIAS

In this section, I show how deflation can be modeled as a credibility problem. The government
maximizes social welfare, which is given by the utility of the representative household.” In

13 The latter is treated in a companion paper Eggertsson (2002) where F} is a choice variable of the government.
% This condition guarantees that the transversality condition of the houshold is satisfied at all times.

15 In this paper, I abstract from the effects of real money balances on the government objectives. The analysis
can thus be interpreted as referring to the “cashless limit” often studied in the literature. This abstaction is not important
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the absence of shocks the optimal inflation rate is zero according to this objective. Government
spending and taxes are assumed to be constant. Money supply, by open market operations in
short-term government bonds, is assumed to be the only policy instrument. This is equivalent to
assuming that the nominal interest rate is the only policy instrument. An appealing interpretation
of the results is that they apply if the central bank does not coordinate its action with the treasury,
i.e. if the central bank is “goal independent”. This interpretation is discussed in the conclusion of

the paper and illustrated in Eggertsson (2001).

[ analyze two equilibria, the commitment and the discretionary equilibrium. The commitment
equilibrium is the first best solution, i.e. the solution if the government can commit to future
policy (this is often called the Ramsey or Planner solution). The discretionary equilibrium, by
contrast, is the equilibrium if the government cannot commit to future policy (this is often called
the Markov solution). Discretion is identical to commitment if the zero bound is not binding. For
sufficiently large demand shocks, however, the zero bound is binding, and there is a deflation bias
of discretionary policy. The inability of the government to comimit results in excessive deflation.

A. The Commitment Equilibrium

The optimal commitment can be found as the solution to a Lagrangian maximization problem.
Under commitment the government optimally chooses the expectation variables ff, vf and uf
in addition to the endogenous variables 7, Y}, 4,. This choice is subject to “implementability
constraints”, i.e. the private sector equilibrium conditions and the condition that expectations
must be rational. This maximization problem can be solved by a Lagrangian method shown in

Appendix 1L
B. The Discretion Equilibrium

In a discretionary equilibrium the strategies of the government and the private sector depend on
a well defined minimum set of variables that are directly relevant to current market conditions. I
do not consider equilibria built on reputation and rule out trigger strategies. Consider a repeated
game between the government (i.e. the central bank) and the private sector. The sequence of

actions in each round of the game is:

(1) Each round starts with initial values for £, ;. The private sector uses §,_, to form expectations
about £,

(2) The private sector forms expectations f7 , u5_, and v§_,."

to denive deflationary bias of discretionary pelicy which is at the center of this study. Furthermore, given the low level
of seignorage in industrialized countries, including real money balances does not yield quantitatively much different
results for a realistic calibration. Including real money balances in the government objectives would

yield tractable solutions but make the algebra considerably more tedious. It would not change the nature of the deflation
bias described in this section (which is a result of inefficient response to shocks) but would change

the steady state rate of inflation (some deflation would be optimal, its size would depend on the cost of changing prices).

16 The variables u{_; and v{ ; influence the equilibrium through the AS equation since
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(3) The vector of shocks &, is realized.
(4) The government chooses ¢; to maximize social welfare.”

Defining the game in this way reduces the number of state variables. This is particularly helpful
in the following sections when other policy instruments are introduced. &, is assumed to follow a
Markov process. When ¢, is the only policy instrument there is only one state variable in the game
given by &, ; sothat ff . = fe(¢, ), uf , = u®(£, ;) and vf_; = v*(§,_,). Since the actions
of the government have no effect on the state of the economy at time ¢ + 1, the problem is a one
period maximization problem:

ax[u(Y; — d(m) — &) — 9(%:) + 9(G) ©
s.t. (2),(4),(6) and the strategy functions of the private sector. Appendix 1T illustrates the first order
conditions for this problem.

C. Approximate Solution

In this subsection I derive approximate sotutions by a first-order Taylor expansion shown in
Appendix II. Due to the inequality constraint stemming from the zero bound the approximate
equations cannot be solved with standard methods. Appendix III proposes a solution method for
this non-standard class of models. In the approximate solution the shocks can be summarized by a
single disturbance g, = ——£,.'® | first derive a closed form solution for the most simple process

TocY St
for g; (Case 1). I then show a numerical solution for a more general stochastic process (Case 2).

Case 1 In period zero there is an unexpected shock so that g # 0. In period t > 0 g, = 0. There
is perfect foresight from period O onward.

Movements in go can be interpreted as exogenous shifts in spending (e.g. an exogenous collapse
in spending if g, is negative) or exogenous shifts in preferences (e.g. a temporary increase in the
propensity to save if gy is negative). [ first consider the commitment and discretion solution under
in two different cases. Case 1a (CNoTr) applies when the zero bound is not binding, and Case 1b
(CTr) applies when it is binding.

Case 1a (CNoTr) ¢ < ggy

Case 1b (CTr) as Krugman (1998) g, < gr-

it 18 the ratlo ~£=L that determines the nominal wage rate on the labor market. [, is the

part of normnal mterest rate at time ¢ — 1 that is determined by expectations about future marginal utility and inflation.
T More precisely the treasury determines Bf and the central bank M by open market operations

in government bonds. In equilibrium M will be equal to money demand. This in turn, determines the nominal interest

tate for any given price level and output. Since there are no shocks between the actions of the government
and market clearing one can think of the central bank as determining a correpondance between ¢, and V; and n;,

18 Here utc¢ and u,, are evaluated in steady state.
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Proposition 1 Suppose that i; is the only policy instrument. Then if condition CNoTr holds
(g0 > grr) the solution for optimal monetary policy under discretion and commitment is identical
and the zevo bound is never binding. If condition CTr holds (go < g¢r») the zero bound is always
binding. The value of gp, is determined by gry = —G%(l — {3) where the parameters

o Y — U — F'Y :
A= dw =20 = -t k= —T > 0 are all a function of preferences and technology

evaluated in the constant (steady-state) solution shown in Appendix I1.

Proof: See Appendix IL.

If condition C7 is satisfied the discretion solution is different from the commitment solution. The
commitment solutions yields:"”

K2+ wrt
TP = — T o gy —gry) >0, 7 =0V t>1 (10)
1 f‘va + (0_71 + W))\,;l ‘.1—,80'_2 (9’0 ar ) t
where the superscript com refers to the commitment solution. This establishes that it is optimal to
commit to a future inflation target that is above zero in a liquidity trap.

Proposition 2 Optimal Inflation Target in a Liquidity Trap. Suppose CTr and i is the only
policy instrument. Optimal monetary policy under commitment results in expected inflation

Proof: See equation (10).

This result is suggested by Krugman (1998) (although he does not derive the optimal solution if
the government maximizes social welfare). To gain some insight into to logic of this proposition
consider the second order expansion of the objectives of the government:*

S BU R - BT+ Aati) (11)
t=0 t=0

where Ay, = 0! + w, A, = d" and x, is the output gap, i.¢. the percentage difference between
actual output and the output that would be produced under flexibic wages. This illustrates that if
the government maximizes the utility of the representative household (using the nominal interest
rate as its only policy instrument) it suffers losses from both price variations (captured by the
coefficient )) and output variations (captured by the coefficient A,).2' Consider the linearized

19 This can be seen as a special case of the solution method presented in Appendix IiI for
a more general stochastic process.

20 This objective is derived only for illustration since I use the exact utility of the representative household
to find the optimal policy in Appendix I1. Derivation of this loss function is available from the author upon request.

21 Note that there is no inflation bias in the objective of the government. The deflation
bias would still be obtained in an economy with an inflation bias in steady state but the
shocks that give rise to it would need to be correspondingly larger.
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version of the IS equation and solve it forward:
o0

Ty = —0 Ky Z('rt —1y) (12)

=0

&

where ry =4 — Eymy g and r = 7+ a__llj"w (gv — E:g:—1) is the natural rate of interest that depends
only on the exogenous disturbance. This illustrates that the output gap depends on the difference
between expectations of future and current real short rates and the natural rate of interest.”” The
central bank can then keep the output gap close to zero at all times (which raises social welfarc)
if it keeps the real rate close to the natural rate of interest. In case C7r the natural rate is negative
for large enough shocks. Then a negative real rate of return is required to prevent an ¢xcessive
negative output gap and deflation. This cannot be achieved through the nominal interest rates
because of the zero bound. The real rate of return, however, can still be lowered by expected
inflation which in turn increases aggregate demand by (12). To increase inflation expectations the
central bank commits to higher money supply in the future. This is the logic behind Proposition
2. The commitment solution under C77 is shown as the solid line in Figure (1) from period

-1 to period 2 for a calibrated version of the model.* The government commits to inflation in
period 1 to reduce the real rate of return in period 0. To achieve this commitment in period O the
government announces that money supply in period 1 will be higher relative to its initial value.
Note that in period 0 money supply is indeterminate. This is because in period 0 the nominal
interest rate is zero so that increasing money supply by buying government bonds has no effect.

If the government is discretionary it is easy to show by solving (A-28)~(A-32) that 7{"™ > 7 = 0
where the superseript dis refers to the discretionary equilibrium. Although optimal policy under
commitment requires inflation in period 1, a discretionary central bank cannot commit to positive
inflation. The resuit is excessive deflation and output gap in period zero. This is the deflation
bias of discretionary policy. The deflation bias can be shown by solving (A-11)—(A-18) and
(A-28)+(A-32) in Appendix [I:*

—1 2
dis com w)\'.rr T K
WO ?TD KK2 + (O__]_ + (.(J))\;l + {80'72 (g{] gT ) ( )
8 COTTL w’\;l + "62
Ty — Xy = — (9o — grr) <0 (14)

R4 (o w4 Bo

Equation {13) and (14) reveal that the deflation bias of discretionary policy does not depend on the
cost of price changes, \,, being large. Indeed the contrary is the case. The deflation bias is most

severe as the costs of changing prices approaches zero!

22 The natural rate of interest is the real rate of interest if actual output is equal to the flexible wage output.

23 As should be clear from the discussion above, the result do not in any way depend on these particular values of the
parameters or the special finctional form chosen. See Appendix D for the calibration parameters assumed.

24 This can be seen as a special case of the solution method presented in Appendix C for
a more general stochastic process.
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Figure I: The Deflation Bias
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Proposition 3 The Deflation Bias. Suppose CTr. If the only instrument of the government
is the nominal interest rate, a discretionary central bank suffers excessive deflation and output
gap compared to a central bank that can commit. The deflation bias of discretionary policy is

decreasing with the cost of inflation \.

8

Proof: See equations (13} and (14), and take the derivative with respect to A,.

The discretion solution is shown by the dotted line in Figure (1) for a calibrated version of the
model. The inability of the central bank to commit to future inflation results in excessive deflation.
Why has the central bank an incentive to renege on an inflation promise? Since the government is
trying to minimize (approximately) 73 + A3 (and future losses), it is indeed beneficial in period
0 to promise higher money supply in period 1 to increase expected m; and lower the real rate of
retumn (thereby increasing demand to accommodate a negative rj*). This is what the commitment
solution illustrates. Tn period 1, however, the central bank is minimizing 72 + A,z? (and future
losses) regardless of promises made in period 0. It thus has an incentive to renege on its inflation
promise. The private sector understands this so in rationat expectation a credible inflation target
cannot be established. The central bank cannot credibly promise higher future money supply!
Since the nominal interest is zero, open market operations in short-term government bonds have
no effect, household (or banks) simply replace the government bonds in their vaults with money.
This is why the money supply in Figure (1) in period 0 is indeterminate. No matter how much the
central bank increases money supply in period 0, it is irrelevant since the private sector expects
it to be contracted again in period 1. This set of expectations, consistent with rational behavior,
can explain why the dramatic increase in the monetary base in Japan has failed to curb deflation
— the private sector expects the BOJ to contract as soon as there is any sign of inflation! Itis a
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credibility problem of a rational central bank that cannot commit to future policy.”

Two aspects of a liquidity trap render the deflation bias a particularly acute problem, and possibly
a more serious one for policy makers than the inflation bias analyzed by Kydland and Prescott
(1977) and Barro and Gordon (1983). First, if the central bank announces a higher inflation
target in a liquidity trap it involves no direct policy action - since the short term nominal interest
rate is at zero it cannot lower them any further. The central bank has therefore no means to
manifest its desire for inflation. Thus announcing an inflation target in a liquidity trap may be
less credible than under normal circumstances when the central bank can take direct actions to
show its commitment. Second, unfavorable shocks create the deflation bias. If these shocks are
infrequent (which is presumably the case given the few examples of a binding zero bound in
economic history) it is hard for the central bank to acquire any reputation for dealing with them.
To make matters worse, optimal policy in a liquidity trap involves committing to inflation. In an
era of price stability the optimal policy under commitment is fundamentally different from what

has been observed in the past.

The deflation bias is not unique to the simple process we assumed for g;. The result can be
generalized by considering a stochastic process for g;.

Case 2(C2) [n period zero there is an unexpected shock to go. Conditional on that g, | # U in
every period t > 0 there is a probability o, > 0 that the vector of shocks &, return back to zero
so that g, = 0. Let us call the stochastic date g; returns to zero T. In periods t > T there are no

further shocks to the economy.

Appendix C illustrates a general solution method for the stochastic process in C2. Figure (2)
illustrates several different contingencies for a simple stochastic process that is a special case of
C2 which allow for the possibility that g; does not return to zero with certainty in period 1 but
only reverses back with a certain probability.*

IV. COMMITTING TO BEING IRRESPONSIBLE

In the last section 1 showed that a discretionary government is unable to commit to higher money

25 Note that although r?* is only temporarily negative (so that output will automatically go back to normal in the future)
there is nothing about this dynamic inconsistency problem that requires this to be the case.
[t is possible to write a model in which the natural rate of interest is endogenous (so that
the liquidity trap can be maintained for arbitary large number of periods) and still obtain the same solution.

26 T suppose that in period 0 there is a 2/3 probability that the shocks renun back to their
zero in period 1. Similarly, conditional on being in the trap in period 1, there is a 2/3 probability
that the shocks return back to their zero in period 2. Finally we suppose that the shocks are back to zero in period 3 with
probability 1. Once the shocks return back to zero there are no further shocks to the economy. In the figure I suppose
that g, follows a path so that in each of the periods the economy is trapped, the natural rate of interest is —3/3% (so that
3% expected inflation would be required to close the output gap). The figure shows all the different contingencies given
this simple stochastic process. If the liquidity trap lasts over several periods, the optimal commitment policy
does not only involve expected inflation, there will also be inflation during the trap. This can for example be seen by the
line that illustrates the contingency that r?* = —3/3% in periods 0,1, and 2. Again, although the optimal commitment
solution involves expected inflation in the trap, a discretionary policy maker cannot commit to positive inflation.
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Figure 2: The Deflation Bias in Stochastic Setting
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Note: The figure shows the commitment solution (solid line) and discretionary solution (dashed
lines) when the nominal interest rate is the only policy instrument

supply in the firture by open market operations in short-term bonds. It cannot commit to the
optimal inflation target with only one policy instrument. The challenge for policy makers is to
take actions that renders a higher inflation target credible. The government must “commit to being
irresponsible” in the words of Krugman (1998).77 Here 1 illustrate one simpie solution to this
credibility problem. Suppose the government coordinates fiscal and monetary policy to maximize
social welfare. In this case, the government can use fiscal policy to effectively commit the central
bank to future inflation by cutting taxes and issuing nominal debt.

A. The Discretion Equilibrium Under Coordination

The structure of the game is exactly the same as described as described in previous section except
for that in this case the treasury and the central bank coordinate their policy instruments, ¢; and
T¢, to maximize social welfare. Introducing fiscal policy adds two new constraints on the policy
choices of the government. The taxing decisions of the treasury must satisfy the government
budget constraint (7) and the borrowing constraint (8). There are now two state variables of the
game, 1.e. b,_; and €, so that the strategy functions of the players depend on both these variables
ie. fe = fo&by), uf = u(€by) and vf = v*(¢, by). Equation (7) and the IS and the AS
equations indicate that government policy depends on u¢_;, ff 1, vf_; and &;. The maximization
problem of the government is:

max[u(Y; — d(m) — F, &) + g(F — 5(71), &) — 0(¥2) + BV (b, &)l (15)

Tt

27 Although Krugman does not model how this commitment migh be achieved.
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$.t. (2),(4).(6),(7).(8) and the strategy function of the players. Here V(Eat, £,) is the value function
of the government, i.¢. the expected value at time ¢ of utility in period £ + 1 onwards. This value is
calculated under the expectations that the government will maximize under discretion from period
t + 1 onwards. The value function satisfies the Bellman equation:

V(E't—l: £ 1) = Fa I;Itlifi{u(y; —d(m) — F, &) + g(F —5(74),&) — #(Y:) + ,SV(B;, &)} (16)

s.t. (2),(4).(6),(7).(8) and the strategy functions of the players. To characterize the strategy
functions of the households and the government ! write a Lagrangian for the maximization
problem defined in Appendix B.

B. Approximate Solution

In this subsection I derive explicit solutions by a first-order Taylor expansion shown in Appendix
B. I use the same assumption about the stochastic process for g, as in last section in Cases 1 and
2 and apply the solution method proposed in Appendix I1I. In Appendix II I show that in the
absence of shocks the solution takes the form:

by = pby 1 (17)

— h_; (18)

1 show in Appendix II that p is a real number between 0 and 1. The coefficient I1 is shown to be a
positive number and is given by

A A
M=225"14 Zpxlot 19
PR W 19
where A, = gg4' is the marginal cost of taxes in utility units. This solution shows that nominal
debt effectively commits the government 1o inflation even if it is discretionary. To gain further
understanding of this result it is useful to consider a second order expansion of the representative

household utility®:
aQ [es]
Y U~ =Y B (et + Xty + Ar17)
=0 =0

In any given period ¢ the government has outstanding nominal debt B;. 1. The government can
reduce the real value of this debt (and future interest payments) by either increasing taxes or
increasing inflation. Since both inflation and taxes are costly it will choose a combination of
the two. The presence of debt creates inflation through two channels in our model; (1) If the
government has outstanding nominal debt it has incentives to create inflation to reduce the real
value of the debt. This effect is captured by —1 871 in the expression for II. (2) If the government
issues debt at time ¢ it has incentives to lower the real rate of return its pays on the debt it rolis

28 The expansion is around zero government spending. Derivation is available upon request
from the author. Note that I use the exact ytility of the representative household when deriving the solution in Appendix

B- the second order expansion is just meant to clarify the logic of the results.
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over to time ¢ + 1. This incentive also translates into higher inflation and is captured by the term
j—;pfs‘la‘l in I1.?° The next proposition is immediate from the expressions above.

Proposition 4 Committing to Being Irresponsible. If the central bank and the treasury
coordinate policy to maximize social welfare a government can commit to future inflation in a
liquidity trap by cutting taxes and issuing nominal debt. Inflation is highest as the economy
emerges from the liquidity trap. It declines with public debt over the infinite horizon and converges
to zero in absence of other shocks.

Proof: see equations (17) and (18)

I now show the optimal debt issued when the government is discretionary. Suppose C'7r so that
g < g&d'* where g&% is the critical value of the shock that makes the zero bound binding.
The superscript Cdis refers to the discretion equilibrium when the government coordinates fiscal
policy and monetary policy. Then solving the equations (A-17), (A-18), and (A-28)+A-39) in
Appendix I yields:

454" = ~70 = —blan = g5) = b = 0 @0

where ¢ > 0 and #2%° > 0 is a constant equal to the debt issued if go = g5%=. [ obtain closed
form solutions for these constants given in Appendix IT1. Equation (20) illustrates that deficit
spending is optimal in a liquidity trap. The government cuts taxes and issues debt to effectively
commit to future inflation, The solution for inflation in period 1 onward is given by (17)<20):

m = Mlpthy > Ofort > 1 2D

By committing to inflation the government curbs deflation and reduces output losses in period
zero relative to the discretionary solution when it is unable to coordinate monetary and fiscal
policy. This can be shown by solving (A-17), (A-18), and(A-28){A-39) in Appendix II:

z8 — 2P% = oTl[p(ge — g2F°) — bE*] < 0 (22)

e — w5 % = okIl[¢(go — gn¥*) — bRH] < 0 (23)

Proposition 5 The Optimality of Committing to Being Irresponsible. Suppose CTr and that
the government has two policy instruments, fiscal policy and the nominal interest rate. Then the
government cuts taxes and issues positive amount of public debt in a liquidity trap. In doing so it
will reduce the output gap and commits to inflation.

29 Obstfeld (1991,1997) analyses a flexible price model with real debt (as opposed to nominal as in our model)
but seignorage revenues due to money creation. He obtains a solution stmilar to (17) and (18) (i.e. debt in his model
creates inflation but is paid down over time). Calvo and Guidotti (1990) simtilarly illustrate a flexible price model that
has a similar solution. The influence of debt on inflation these authors illustrate is closely related to the first channel we
discuss above. The second channe! we show, however, is not present in these papers since they assume flexible prices.
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Figure 3. Committing to being Irresponsible.
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Proof: See equations (20)-(23).

The evolution of each of the endogenous variables is shown in Figure (3) and are labelled
coordinated discretion for the same calibration parameters as in the last section.”® This figure
shows the evolution under coordinated discretion (described above) and contrasts it to the solution
paths when fiscal policy is not coordinated with monetary policy which I illustrated in the last
section (this case is labelled monetary discretion). By cutting taxes and issuing debt in a liquidity
trap the government curbs deflation and increases output almost to the same level as obtained
under commitment. The discretion solution is still inferior to the commitment solution since
the price that has to be paid for this is higher inflation in period 2 onward (when no inflation is
desirable) and higher future taxes. The assumed calibration parameters for this figure is shown
in Appendix D along with a sensitivity analysis. Figure (3) illustrates that the same result holds
true in the simple stochastic example we considered in the last section. Again a discretionary
government can effectively commit to an inflation target in a liquidity trap by deficit spending,
thereby curbing deflation and increasing the output gap.”'

Propositions § and 6 summarize the central results of this paper. Even if the government cannot
make commitment about future policy, it can control the price level at zero nominal interest rates.
A simple way to increase inflation expectations is to coordinate fiscal and monetary policy and
run budget deficits. This increases output and prices. The channel is simple. Budget deficits
generate nominal debt. Nominal debt in turn makes a higher inflation target in the future credible

80 Again as the analytical results indicate our results do not in any way depend on the numerical
values assumed. See Appendix D for the calibration parameters and some sensitivity analysis.

31 It is worth noting that in both the numerical examples discussed the social welfare is
higher under cooperation than non-cooperation when the government is discretionary as one would expect.
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Figure 4: Committing to being Irresponsible in a Stochastic Setting.

{a) inflation

Note: The figure shows optimal cooperation under discretion (solid line) and discretion when the
Central Bank is independent (dashed lines).

because the real value of the debt increases if the government reneges on the target. Higher
inflation expectations lower the real rate of interest and thus stimulate aggregate demand. This
policy involves direct actions by the government as opposed to only announcements about future
policies. The government can announce an inflation target and then increase budget deficits until

the target is reached.

V. NON-STANDARD OPEN MARKET OPERATIONS

In this section I show how the government can increase prices by printing money (or debt) and
buying real assets. I introduce a real asset that has an ¢xogenous real rate of return given by 1 + ¢;.
1 assume that the government can buy this asset in unlimited amounts without affecting ¢;. This
asset can be a parable for, say, foreign exchange, stocks or any real asset that is in fairly elastic
supply since I assume that the government cannot influence its return ¢;. Now the government

budget constraint is:

-

B‘t +a o 1 bt-—l
uw(C,&) " Bffal+m

where a; is the quantity of the asset held measured in terms of the consumption good. As shown
in Appendix B the presence of this asset implies a first order condition approximated by:

+(1+ g 1) +F — 74

Ti = FyTyq =~ X—lqr. (24)

where the system has been linearized around a constant solution in which 1 + ¢ = 1/5 and
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X = Ic%'o;l + % Condition (24) is Barro’s (1979) famous tax—smoothing result.* Furthermore,

it can be verified that nominal debt is zero if the nominal interest rates is positive:
ifi, >0b, =10 (25)

The result in (25) indicates that the government always eliminates any outstanding nominal debt
when the nominal interest rate is positive. The logic behind is simple: Nominal debt creates
inflation expectations. If the nominal interest rate is positive the government has no incentive to
create inflation expectations. It then sells real assets (or issue real bonds) to collect all outstanding
nominal debt to eliminate the inflation bias it creates. For any initial value of nominal debt, b;_1,
the inflation in period £ is given hy:

Ty = HAd‘isbl_l

where \
[[Adis _ 2T 51
)\WB

here the superscript Adis refers to the discretion equilibrium if the government can trade in the real
asset. Note that [T < I] so that nominal debt creates less inflation incentive when real assets
are traded. The logic is simple: According to (25) the government does not roll over any nominal
debt when the nominal interest rate is positive. The government has then no incentive to reduce
the real rate of return of any debt rolled over to the next period with surprise inflation (recall that I
assume that the government cannot influence ¢;). This reduces its inflation incentive.

I now consider the optimal solution under discretion under condition C77, i.e. the case when there
is a large negative demand shock in period O so that the zero bound is binding. If the zero bound
is binding, nominal debt (money + bonds) is still a desirable commitment device. Solving the
system of equations given in Appendix B, the optimal level of debt in period 0 is:

b#s = —gg = —¢*(go — A} > 0 (26)

According to this equation the government prints money (or debt) and buys asset, ao, in period
0. Under condition CT7r it sells all its assets in period 1 by (25), thereby, to a first order
approximation, coilecting atmost all of its outstanding nominal debt.

Figure (5) shows the evolution of inflation and the output gap. In our numerical example, the
discretionary government comes very close to replicating the commitment solution. Figure (6)
shows the asset and debt side of the balance sheet of the government in period 0 to 4. To increase
inflation expectations the government buys real assets in period 0 by printing money (or bonds)
and thereby increasing government debt (which is defined as money+bonds). In period 1 the
government reverses this transaction by selling the bulk of its real assets. The nominal debt issued
in period 0 effectively commits it to higher inflation in period 1. The logic behind our result is

32 This condition is in sharp contrast to the solution derived in last section when the government only traded in
nominal bonds. In that case the government was unable to eliminate nominal debt by going short on real assets. Instead
it violated the Barro’s tax smooting principle by raising current taxes relative to future taxes.
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Figure 5: Bying Real Assets to Commit to Inflation
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along the same lines as before. In period 1 the government has outstanding bgef D iominal debt.

Thus in period 1 the government budget constraint is given by:

1 i
Bfgl+rw

a1+ by = 1+(1+Q0)60+F—T1

In period 1 by, fo, go and ay are all predetermined. If the government provides less inflation, wq,
than was expected when the expectation variable f§ was formed, the real value of its assets,
—(1 + go)ao, decreases relative to the real value of its nominal debt ﬁlﬁﬁa, i.e. the government
incurs capital losses. Thus if the government sets the inflation rate below the optimal target
announced in period 0, it has to increase taxes today and in the future to pay for these losses. [f the
government cares about tax distortions this is not in its interest. Thus the government effectively
commits to the optimal inflation target by printing money and buying real assets. This illustrates
that in this model the cost of taxation can be thought of as a parable for the central bank being
concerned about capital losses. This is a topic 1 will discuss in better detail in the conclusion.

To summarize:

Proposition 6 The Optimality of Buying Real Assets. Suppose CTr. If the government buys
real assets by issuing nominal debt or printing money, this effectively commits it to higher money
supply in the future and inflation. If it has access to an elastic supply of real assets, a discretionary
government is able to commit to future inflation and comes close to replicating the commitment

solution.
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Figure 6: The Government Balance Sheet when Buying Real Assets.
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As can be seen by Figure (6) the discretion solution when the government buys real assets is
superior to the solution when deficit spending is the only tool available to the government. The
reason is straight forward: When the government buys real assets, rather than cutting taxes, it can
sell these assets in period 1 and thereby eliminate the inflationary bias in period 2 onwards when
inflation is not desirable. A critical assumption, however, is that [ assume that the rate of return
of the asset, g;, is exogenously given and is not influenced by the actions of the government.
Thus it is implicitly assumed that the asset exists in perfectly elastic supply and that it is a perfect
a substitute for nominal bonds or money, so that there are no portfolio balance effects of thesc
transactions. This assumption may be questionable, even as a first order approximation, if the open
market operation required to achieve the inflation target are very large. Our calibration indicates
that this may indeed be the case. Figure (6) shows that in that the government would need to print
money (or bonds) and buy assets corresponding to over 400 percent of annual GDP! This number
however depends on the cost of taxes assumed. Appendix 1V shows sensitivity analysis with
respect to this number. Even when tax costs are as high as ten percent of government spending,
the siz¢ of the open market operation in real assets are around 70 percent of GDP. Given the
size of this transaction it is likely, therefore, to have large effects on the relative return of assets
(which I abstract from here by assuming constant ¢;). This may, or may not, be desirable. Some
combination of deficit spending and purchases of real assets may, therefore, be the best solution.

VI. CONCLUSION

What are the implications of this model for Japan today? During the last few years, the short-term
nominal interest rate has been zero in Japan. Furthermore, there has been deflation by most
indicators and substantial unemployment, and the government has run large budget deficits.
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Although the model does not explain the source of the deflationary shocks in Japan (which may be
difficulties in the banking sector or the collapse in the asset market in the earty 1990s), it provides
some ideas on how to eliminate deflation in a liquidity trap by increasing inflation expectations,
thereby lowering real interest rates and stimulating aggregate activity. Two other questions arise
when this model is applied to Japan. First, why has deficit spending failed to increase inflation
expectations in Japan? Second, why has the BOJ not engaged in open market operations in real
assets, since our model suggests that it could be a way to curb deflation? I address these questions

in turn.

Over the last 10 years gross public debt as a fraction of GDP in Japan has more than doubled,
from roughly 64.5 percent in 1990 to 130 percent in 2001, largely owing to deficit spending. Why
has this failed to increase inflation expectations? Eggertsson (2001) suggests an answer: The
central bank is goal independent. The assumption behind our results is that monetary and fiscal
policy are coordinated to maximize social welfare. This does not need to be the case under all
circumstances. Consider the most simple example illustrated in Eggertsson (2001): Imagine that
the BOJ can commit to a gold standard as it did in the 1920’s. In this case M, = k x gold; where &
is some constant. As long as deficit spending does not influence gold; (which one has no reason
to expect in our model), it has no effect on either output or prices. Deficit spending only increases
demand if it influences the central bank choice of the money supply in the future. A central bank
on a gold-standard is only one example of a “goal independent” central bank. It can, in principle,
have any objectives different from social welfare. One example of a goal-independent bank that
ts of particular interest is a bank that maximizes the utility of the representative household but
ignores the welfare consequences of government spending. The loss criterion of a bank with this
objective is to a second order equal to 77 + A,z , which is commonly assumed in the literature. In
this case, as shown in Eggertsson (2001), deficit spending has no effect on either prices or output.
Then the equilibrium is the same as was illustrated in Section IIf, when the nominal interest rate
was the only policy instrument of the government. The channel for fiscal policy illustrated here,
therefore, works only if fiscal and monetary policies are coordinated to maximize social welfare.

Turning to the second question, it is useful to review first whether or not a goal-independent
central bank (for example, one that has a loss function 77 + A z7) can can curb deflation. Suppose,
for example, that it prints money and buys foreign exchange or real assets. Will this increase
inflation expectations? Costly taxation ¢an be thought of as a parable for having the government,
or a goal-independent central bank, being concerned about its balance sheet—that is caring about
capital gains and losses. The central bank, therefore, has to care only about its own capital
gains or losses for open market operations in foreign exchange or real assets to be effective. Do
goal- independent central banks care about capital losses? If a central bank incurs capital losses
(for example, by buying real assets that lose value), it can compensate for them by on¢ of two
ways: printing money or obtaining tax revenues collected by the treasury. The first may imply
excessive inflation, the other a bailout from the treasury associated with a loss of independence.
For most central banks, this choice is like choosing between death by fire or by drowning. There
is, therefore, every reason to expect a goal-independent central bank to care about capital losses,
and this concern enables the bank to use foreign exchange intervention or buying real assets as a



Corrected: 4/22/03
-24 -

commitment device.?

If the central bank is risk averse, however, there is a catch. It may be reluctant 1o buy any assets
that have uncertain returns; and, apart from short-term government bonds, any asset has an
uncertain return. If the bank prints money and buys foreign exchange, to take one example, there
is always a positive probability that at some future date the bank will have to choose between
high inflation or high capital losses. Risk aversion, therefore, may limit the bank from taking
any actions that carry risk when the zero bound is binding. This remains true even if these
actions enable the bank to achieve some of its goals, such as output and price stabilization. One
implication is that even though a central bank has several policy instruments with which to escape
a liquidity trap, in its arsenal the bank’s concern about its independence may limit its use of
them. The cause of the deflation bias was that the only instrument of policy was open market
operations in short-term bonds. This assumption, therefore, can be justified as a description of
central bank behavior because extensive use of other instruments implies balance-sheet risks. In
this case, cooperation between the treasury and the central bank may be required to persuade a
goal-independent central bank that is “too risk averse” to effectively commit to end deflation.

33 See e.g. discussion by the BOJ about option that may put its balance sheet at risk.
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LAPPENDIX - MICROFOUNDATIONS
A. Aggregate supply equation

The budget constraint of the representative household is:

Dt n A’I i ‘4t JMt -1

R B B R
where D, is the nominal value of the end of period bond portfolio, A, is money balances held
at the end of period ¢, W, is the nominal wage rate, A, is the beginning of period rominal
wealth, 7, is net real tax collections by the government, Z;(7) is the real profit from firm 7 and
Ny is the number of firms. The consumption plan of the representative household must satisfy a
transversality condition out Ponzi schemes:*

N't

W, s
=t~ = Co+ | Z(H)di (A-1)
P, o

B
lim A7 Ey(uo(Cr, &r) o) =0 (A-2)
T—o0 PI‘
where By is total nominal debt.

At time ¢ there is a fixed number N, of labor contracts offered by firms for the next period.”
The household chooses how many contracts, n;_ 1, to accept facing the market wage W;_; that it
takes as exogenous. We assume that W, ., is determined at time ¢ so as to clear the labor market.
In period ¢ + 1 the firms are free to choose the hours worked at the given wage rate. Thus at time
t + 1 the representative household supplies the labor A, = ;"TE-L,;_l where L, ., 15 aggregate
labor demand of firms. The optimal labor supply condition for the household is:

(- C: k4 = !
Et_lwmg — B @ (Y F' (L)L = 0
1

To derive this condition, substitute the budget constraint into the household utility, take a
derivative with respect to n;, and normalize the number of jobs to 1. In every period ¢ each firm
offers one labor contract for the next period and the chooses labor to maximize profits:

W,

— =F/(L
-Pt ( 3)
Equating these two first order condition yields
1 E_ (3 (Y)F(F YY) EF (Y,
F!(F_l(}/;)) — t 1(1)9(“3()1/_5# g( f)) ( i)) (A'B)
1+ 7 Et—l( c tl—‘-ﬂ':’ : F—l(}ft))

To obtain this condition note that ¥; is determined at time # — 1 and can thus be taken outside the
expectation in the first order condition of the household. Equation (A-3) gives (6) in the text.

3 Tor a detailed discussion of this borrowing limit and its interpretation see Woodford (2001a).
%This contracting structure is proposed by Levin (1990).
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B. Government Budget Constraint

The consolidated government budget constraint is:

Dy+ My =(1+i 1) Dy 1+ M+ FR— 75 (A-4)

where D; now refers to one period nominal government debt. Let total government liabilities be
B, = Dy + M,. Rewrite the government budget constraint as:

Bi=(1+41)B1 + FP,—7F -5 (A-3)

where S; = i, 1M, is seigniorage revenues. For simplicity we abstract from the effects of
seigniorage revenues on the government budget constraint. Thus S, is dropped in equation (A-3).
By abstracting from seigniorage revenues we are in effect stacking the cards against the result we
obtain. The ceatral conclusion of Section I'V is that the government can commit to future inflation
by issuing debt because it creates inflation incentives in the future. The presence of seigniorage
revenues would make these inflation incentives even stronger. Abstracting from seigniorage
revenues has little quantitative impact on the results if they are low relative to other items in the
government budget.*® This is indeed the case in most industrial countries.*” Seigniorage revenues
in Japan, measured as S; = 4, | M, 1 **, were 0.34 percent of GDP in 1980-1990 and only 0.15
percent in 1990-2000 as the nominal interest rate approached zero.” Ignoring .S, , the budget
constrain can now be written in terms of b, , yielding equation (7) in the text.

311 our model seignorage revenues are low if monetary friction are small. Let us write the utlitity of real money balances as
q(j—‘,;-’f ) = 'ycj(%f, £,) where the parameter -y is greater than zero. Then small monetary frictions simply referes to a low value
of -y in the representative houshold utility function. As shown by Woodford {2001a) the Central Banks control over the nominal
interest rate is still well defined even in the “cashless limit” when there are no monetary frictions, 1.e. when v — 0. In this case
open market operations needed to move the nominal interest by a given amount become arbitarily small. This of course has no
effect on the nature of the zero bound since the sole presence of money as an asset (even though little or none of it is actually held
in equilibrium) will prevent consumers from ever accepting a negative nominal interest rate on bonds. One interpretation of our
results is that they refer to an econorny where monetary frictions are close to zero.

3 see e.g. King and Plosser (1985) who report that seignorage revenues for the United States were 0.2% of GDP in 1929-52 and
0.47% in 1952-82.

38 Thus in calculating this number we multiply the montetary base over GDP by some measure of short term nominal interest rate.
in the caluculation above we used the official discount rate but using short term yield on Treasury bond would result in similar

numbers.
29 At zero interest rate the sei gnorage revenues as defined above are zero.
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I[I.APPENDIX - FIRST ORDER CONDITIONS
A. Commitment

For compactness I only write the first order condition for the case when the government
coordinates fiscal and monetary policy. The same conditions apply if the nominal interest rate is
the only policy instrument but in this case y, = 0 at all times and condition (A-4), (A-5), and
(A-10) do not apply:*

L, = EZd* (V; —d(m) = F, &) + g(F — s(70)) = 5(¥2)

b, 1 by
u (Y, — d(m)),&)  Bfe 1+,
ue(Y; —d(m) — F,§,)
B8
’UJC(YE+1 - d(ﬂ-tAl) - F: £t+1) -1
14+ 7 F )

-i-F—Tt)

‘Hit(

+m(Ye — S{me, 0y 1,05 1)) + (1 — )

+6; (uf — E;
Ue(Yieq — d(myq) — F, f,t*ll

\ILL

+7 (vf — Ly (Yert)F'(F 7 (Y )1 (Yern)) + 65 (fF —

14 Mi—1
+7: (b — )]
FOC
5L3 Bt “U.-Cl-;d’ 1 Bt—-l
= —udm + Ry 5 Sp+ b A-2)
(S'R—t_ ! ‘ut( 'LL"C" ‘Bfte_l (1 + 'Tt) ) nt 77/tB_ft (
1, uF ™t uFid u (Y3, €,)  ued
- =0
+,8¢t_1((1+7rf)2 T 1+?T¢ ) ‘;ﬁt l((l‘f"T) 1+7Tt)
5L3 P Yoo 'U(} Uee
3, = u(Y: —d(m), &) — 5,(Ye) — Htu_cgbt TN = Ft—f? (A-3)
11
_ Py, Uee e 1
8 (1+7Tt + ].'i_ﬂ-tF!)
3
—1 Mg
¢;31(Uny + 0y + o F )_@23114-?75
oL, ,
57 = ~90(F = s(r))s/ (1)) + 11 = 0 (A4)
5Ls kg 1 Hi—1
- = ——F +v =0 (A-5)
S wlVu€) ff leme

40y simplify the Lagrangian by combining the IS equation and the zero bound to yield the inequality 1 — %‘l < 0. This
eliminates the nominal interest rate from the system reducing the number of first order conditions by one
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dLs . '

&ug = —’,BEtnt—}—lSuf (']‘Tt_H_, Uy, UE) + qu =10 (A_6)

5L5 e .2 2

e —BE 1 Spe(m1,ug,v5) + &) =0 (A-7)
i

0L,  uc(Y:, &) by yy 3
O ettt +¢f =0 A8
dff 3f2 ! e "1+ Mg & (4-5)

Complementary slackness condition:

/u’C(Y;r gf) uc(}};; ft)
—— 1204y, <0,(———-1), ¥, =0Vt A9
Y 20, b—b <0, 1,(b—b)=0 (A-10)

Note that a solution for the commitment program has to be accompanied by initial conditions for
&, @165 and b,_;. We assume the initial conditions: ¢', = ¢%, = ¢>, =v_, = Oandb_, = 0.

Approximate Solution

To obtain an approximate solution I do a first order Taylor expansion. The constant solution I
expand around and solves the equation above st =b=¢ =n=¢ =0, 4 — ¢sand 7 = 713, -1
This constant solution would result for the initial conditions ¢ | = ¢2, = ¢>, = 9_, =b_; =0
at all times if there are no shocks to the economy so that £, = 0 at all times. If the shocks are small
enough the approximate equations will be arbitrarily close to the exact equations. Substitution for
¢;,¢; and ¢ the linearized first order are:*

1
—ud"Ty — k7, + K g, — F@’JH =0 (A-11)
. —1 > —1 J_l _Q / -1 -1 s —19’311) .
Ue{o T +w) Yt uteo gﬂL?wt 7 U s wtoT ) B t+g So -1 =0
' (A-12)
T, 4 ST

. . _ 1

i — Eyfi + 0 TE(Y, = Yoy — g+ gug1) + Q_G;’% =0 (A-14)

. . . -1 -1 -
%11t is useful to note that in the constant solution Sue = B, Spe = —£7 and S- = &1
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The complementary slackness conditions are;

EY, 1 —Yi=Eigi+0+0 B +807 > 0, 4, <0, 71[’1'(Etﬁ-kl_f/t“Etgt—l_gt+O-Et7Tt+l+rﬁgﬂ =0

(A-15)
Yy L0, b—uby >0, v(b—udb)=0 (A-16)
The linearized AS equation and the budget constraint are:
Ty — f‘i}};; + Et_l?fg + € (A-].?)
1 .
by = —éb,,_l — 7Ty (A-18)
Here the exogenous term ¢; is defined as ¢, = —x2Z :w E4_1g;. Finally the linearized money
demand equation can be written as:
1 = 1,Y; — e (A-19)

where 771, is the deviation of real money balances from steady state. All the hatted variables above
are defined as a percentage deviation from the constant solution. By making assumptions about
the stochastic process of g, one can find an approximate solution using the linearized equations. .

B. Discretion

Below I show the first order condition for the maximization problem under discretion. For
compactness [ only write the first order condition for the case when fiscal and monctary policy are
coordinated. The same conditions apply if the nominal interest rate is the only policy instrument
but in this case ., = 0 at all times and condition (A-23), {A-24), (A-26), and (A-27) do not apply:

L, = u(Yi—d(m) — F,&) + g(F — s(m.),&) — 8(Y;) + BV (b, &) (A-20)
by 1 b1 .
+M(HC(YQ —d(n) — F,¢,) N .Sfe(gt—l, £ )Ll+m + F— 1) + Y — S(m, 01, €4 1)

ue(Ye —d(m) — F &)

+ihy(1 — - )+ 74 (b — D)
t 81, &) o
FOC
8L, ) 1, - o b ued’
= - = fe L S - 21
57?; ucd (Wl‘-) + Hy Bf (bt—la gt——l) (1 + 7[—1)2 ntsﬂ' + Wy ‘Bfe 0 (A )
0L, . Bl  Uge
57, = velYe = d(m), &) = 6,(Y) — p= 5 =g =0 (A-22)
5L, ,
= —go(F — s(74)) (70) + 1y, = 0 (A-23)

57}
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AL . I e f7
— = V(b — Lyt =0 A-24
5b¢ }3 b( s &I) + Uc(Yt-,ft) + fo’tﬂfeg + Y ( )
Complementary slackness conditions: _
- uc(Y:, &) o ue(Y5, 6
Y, <0, ———==>—-1>0, ¢,(——==—-1)=10 (A-25)
%<0, b—b 20, 7,(b—b)=0 (A-26)

The optimal plan under discretion also satisfies an envelope condition:

Vilbe—1,6, 1) = Etﬁl[—ﬁ—(iﬁfﬁ (P, §my) = ot & )2 (D1, 6 1)Be2) =S5 (e, b1, 601
| " (A-27)

Using the envelope condition we can substitute the derivative of the value function into (A-24)

eliminating the value function from the first order conditions. To obtain a solution to the system

we must specify initial condition for both state variables: b_; —0and € ; =0

Approximate Solution

To obtain an approximate solution we once again do a first order Taylor expansion around a
constant solution. The constant solution we expand around and solves the equation above is

T=b=np=7=0,u=¢sand7= }3 — 1. This solution would result for the initial conditions
(bl_l = ¢2_1 = ff_l = y_, = b_; = 0 if there are no shocks to the economy so that £, = 0 at all
times. [f the shocks are small enough the approximate equations will be arbitrarily close to the

exact equations. The linearized first order conditions are:*

s
—ud"my + %btl — &', =0 (A-28)
1
- ot
— o™ + W)Y, +u.o 7 g + ges’oT by + 1, + th =0 (A-29}
(A 1 N .
--('-E;TCTG + ‘“:-g“;“-)Tg + i = 0 (A'30)

. ) e o y e
o = Eyfiy  + 0 B (Y = Yo — g+ g1 + fibe + Ji W+ ——7 =0 (A-31)
Bggs gcs

The complementary slackness conditions are:

Et};;,+1_Y,t_“Etgt—l_gt+O'Et7rt+1+J30'i >0, ¢, <0, wt(Et?t-l—l_i}i_Etgt-l—l“QI+UEtWt+1+-BUE) =0
(A-32)

“2Note that St = 0 in the constant solution which elimintes the term n, , ; in (A-31).
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Y <0, b—udy >0, v, (b—ub) =0 (A-33)

A solution can now be found to the linearized equation above in addition to linearized AS
equation and the budget constraint shown in last section. This solution involves the derivative of
an unknown function f¢(b,, £,) in the constant solution i.e the term fi. As we seek to find the
derivative of f it is not enough to solve for the value of f in the constant solution. Rather we need
to solve for the value of f away from the constant solution. it will not be necessary to solve for
the transition dynamics of f for all type of shocks since we are only interested in evaluating the
derivative of f with respect to b. This derivative can be found by assuming initial condition for b
that are different from the constant solution. In the absence of shocks b, is the only state variable
of the game. Consider the value of the function £°(b, £,) at time ¢ when there are no shocks to the
economy and perfect foresight (given some initial value of #;):

ufe (b)) = 14 T (A-34)
A first order approximation to this equation yields
"—ffbt = M1y (A'3S)

Then:
My = —ffby_q =TIy, (A-36)

Equation (A-28)-(A-30) and (A-36) imply equation (19) in the text. The value of » can be
found considering (A-18),(A-31), (A-30) and our solution for f£. In the absence of shocks those
equations combined can be written as:

BEb 1 — (1 + 3+ 0Ib, + by +ggs'y, =0 (A-37)
where 8 = g‘_ﬁ—f—_‘_'ﬂ; = % > 0. Suppose the debt limit is not binding so that v, = 0. Then p
% T

solves the characteristic equation:
Ar o
T(p) = B(1 — —:\\" 0k o  — (1 + 5+ 08 Hp+1=0 (A-38)

Then the solution for b; when the debt ceiling is not binding is of the form
by = c1p] + coph (A-39)

It can be shown that the characteristic equation (A-38) has one root 0 < p, < 1 and one root
Pa > % The borrowing limit imposes that b, < b. If the debt dynamic involved an explosive root

the debt limit would be reached in finite time. This however cannot be an equilibrium because if
the debt limit is reached in the absence of any shocks then (A-31) is violated. To see this consider
the period in which the debt limit is reached.” Then b, = b > b,.; and b, > b,_;. Then by (A-37)

B The argument only considers the case when p, > 1/ which is the case of economic interest.
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Y= o 5, (BE;byy 1 — (14 B8+611)b, + b,_1) > 0 that violates (A-33). Thus ¢; = 0 in (A-39) and
btﬁpbt_l O<p<1

C. Discretion with Real Assets

When the government can buy real assets in unlimited supply under discretion all the same
conditions apply as before. In addition there is a first order condition that determines optimal asset

holding.
§Ls 7 c.fB

o = AValb 0, 6) i+ g 6 =0 (A-40)

There are now three state variables b;, a; and £,. Thus there is an envelope condition associated
with a;:

Valbro1, s, &, y)

Et*l{L(fe(Bt—laa'tula ft—l)_z.fs(gt—la A1, &by — (14 1))

ﬁ(l —t' ﬂ-t)_
_T?tsa (?Tf: bi~1 s -1, gt—l)] (A-41)

It is easy to see that f, must be zero since the government cannot influence ¢;. Then combining
these two conditions yiclds:

pr — BE(1+ )iy + %ﬁ}{i =0 (A-42)

A linear approximation of this condition yields

:&t - Et:&tﬂ —q =190 (A'43)

To eliminate arbitrage opportunities I assume in equilibrium that §, = 4, — F;m;,,. Note that
although this holds in equilibrium the government assumes that it cannot influence ¢; by its
decisions.*

D. Proof of Proposition 1

The first-order conditions (A-2)<A-10) and (A-21)-{A-27) arc identical when v, = u, = 0. The
linearized condition (A-11)—(A-18) in Appendix B can be solved for each of the endogenous

“4 A more elaborate model where this will hold is one that has an open economy with a traded good. Then the real rate of return in
terms of the traded good is exogenously given and the government can buy foreign exchange (that has a fixed rate of return) to
achieve this commitment. Although there are some subtle differences between the present model and an open economy version,

crudely speaking one can think of the equation above as corresponding to the interest rate parity.
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variables when ¢, = 0 under C1A. The implied value for the nominal interest rate is:

. _1-8 K2+ wit
T8 &2+ (071 +w)AT’

Then the zero bound is binding when:

o187 g, (A-44)

K2+ (0 T w)A!
K2+ WA

90 < gy = —0 (1-25) (A-45)



-34 - APPENDIX III

I[l.APPENDIX - RECURSIVE SOLUTION METHOD
A, Commitment

Here 1 outline a recursive solution method for discretion and commitment for Case 2. A more
detailed description is available from the author on request. The solution for Case 1 can be seen
as a special case of the solution illustrated. In Case 2 we assume that there is an unexpected shock
to go and that in every period ¢ > 0 there is a probability oy > 0 that it reverses back to 0. Once
it reverses back to zero it stay’s there forever after. We call the stochastic date it reverses back to
zero 7', We assume that there is some date S (that can be arbitrarily far into the future) at which g
must have returned back to zero with probability 1 (in the Case 1 5 = 1). Let us denote the any
variable ¢ as the value of the variable conditional on that the economy is in the trap and ¢ as
the value of the variable conditional on that the economy is out of the trap. Let the vectors Z; and
P, be defined as;

Ty
Y,

Zyp = t1,B=;

‘ 7 ' |:bf]
by

t>T then ¥ = VY = g = 0 Then by (A-11) 7)¥ = 0 and by (A-14) b = ¥

t=T. The system of equations can be written on the form

Zy = KrZp + FrPp_y + Wr (A-1)

t<T. Using the solution from =1 and t>T the system can be written as:
Frl (4 B[P, [M
B + A-2
[ 7 ] { ¢ b ||z | TV (A-2)
The matrixes A;, By, C,and Dy are known. They only vary with time because of o . M; and

V; are also known since they are only a function of the exogenous shocks and the parameters of
the model. Note that Bs_; = Ds_; = 0. By recursive substitution we can find a solution of the

form:
P =P + &, (A-3)

Zl = ANPL + 6, (A-9)

To find the solution for the coefficients A;, §2;, ©;, and &, consider the solution of the system in
period § — 1 when Bg | = Dg._1 = 0. Consider the solution of the system in period S — 1. By

(A-2)
Py = As Pl + Mg,

Zg—l = CS_]_.P‘;T_I + Vo
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Then we have Qg_y = Ag_1, 51 = Mg 1, Ag_1 = Cs_; and ©g_y = Vs_;. The numbers
Ay, Q4,0 and @, for period 0 to S — 2 can be found by solving

QO = [I — BiAr] VA (A-5)

Ay = C; + DihpiaSh (A-6)

& = (I — BiAsi1) ' [BiOr1 + M) (A-T)
0, = DA 1D+ DBy + Vi (A-8)

Given the solution for A;, §2;, ©; and ®, we can find the solution for each of the endogenous
variables in (A-3) and (A-4) using the initial condition for P, = 0. This defines the solution
under the contingency that the economy stays in the trap for the maximum period times given by
S (which can be made arbitrarily large). The solution for all of the other contingencies is then
given by (A-1) where we now know the values for Z! and £, from the solution derived above.

B. Discretion

t>T then ¢f¥ = ¥;¥ = 7V = 0. Then =¥ = 16~ , and b = p,b)’,. Using this solution the
discretion case can be solved in the same fashion as commitment illustrated above.

C. Closed-Form Solutions for Case 1b

Using the solution method described above closed form selutions can be obtained for Case 1b.
For compactness [ only report the solution for the case when monetary and fiscal policy are
coordinated. The case when 7, is the only policy instrument can be seen as a special case of
this solution for A, — oc, x — oo and 5; — o0o0. In this case the government will keep taxes
unchanged and i, is the only policy instrument:

Commitment

. ot +w+d's — A\ Bo i
g:%’r - = w + d”;‘i',gr 0(1 - ’B) (A_g)

o w + Agk?)

- — g1s) = (g0 — g A-10
g1 +w+)\qr(ﬁ32+,30'_2)—,BUAQATX—lT(QO gTr) G)(gﬂ gT) ( )

M =

3
bre = T2 X2 (A-11)

Ys, To, ™o and z, can now be found by equations (A-13)-(A-19).
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Discretion

rr
'rl'[(a_l-ku—ﬂ—d”nj—%ﬂ_lo_?)

o b w B A+

Cdis_ _ x(1+3-p) 1_3 A12
v = o+ &2/\,” O'( ; ) ( )
pis—__ T (1_B)>0 (A-13)

x5 -p)

Tove (1 + Ak?)
o > 7 go — grv) + brd A-14)
’ [§(1+7§' _P)“‘%\%(((f1 +W)Uﬂ+d”m201'[—%a—1)]( 0 = grr) + b1
= _Qs(gﬂ - gTv') + bTrp

Yo, xo and g can now be found by equations (A-17), (A-19) and (A-30)-(A-33).

Discretion with Real Assets

-1 .2
Adi o +w+dk
gldis— _ pepr (1 - 3)

bpde=0

! W+ )\7752 . Adis
-9

bo—= ———— )
0 gllAdis g1 4w+ )\-,-1-!‘32 _ —'\rr(l _ ,/3),60'_2 (go 4T )

(g[)_g’.[‘?“) + bTT

Y5, g and 7o can now be found by equations (A-17), (A-19), (A-30){A-33), and (A-43).
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Table 1. Varying the Cost of Taxes

Full commitment Discretion when real assets ave trade
Y T Xy B“JIGDP Ty X BOIIGDP
0.23% 4.19% -1.62% 17.27% 521% 0.42% 3416.18%
0.50% 4.19% -1.61% 17.20% 5.21% 0.42% 169%.31%
0.75% 4 20% -1.60% 17.13% 521% 0.42% 1127.28%
1.00% 4 20% -1.39% 17.06% 521% 0.42% 841.17%
1.50% 4.21% -1.57% 16.92% 5211% 0.42% 355.06%
2.00% 422% -1.55% 16.77% 521% 0.42% 412.00%
3.00% 424% -1.51% 16.49% 3.21% 0.42% 268.95%
3.00% 4.28% -1.43% 15.95% 5.21% 0.42% 154.50%
7.50% 4.34% -1.33% 15.30% 5.21% 3.42% 97.28%
10.00% 4.39% -1.22% 14.67% 521% 0.42% 68.67%
Discretion with fiscal policy Monetary discretion
' w; x; B,/GDP n; X4 B,/GDP

0.25% 1.06% -7.89% 194.23% {.00% -10.00% 0.00%
3.50% 1.79% -6.43% 16%.09% ¢.00% -10.00% 0.00%
0.75% 2.36% -3.28% 151.75% 0.00% -10.00% 0.00%
1.00% 2.83% -4.34% 138.56% 0.00% -10.00% 0.00%
1.50% 3.57% -2.86% 119.22% 0.00% -10.00% 0.00%
2.00% 4.14% -1.73% 105.38% 0.00% -10.00% 0.00%
3.00% 4.98% -0.05% 86.34% 0.00% -10.00% 0.00%
5.00% 6.04% 2.08% 64.14% 0.00% -10.00% 0.00%
7.50% 6.85% 3.71% 48 55% 0.00% -10.00% 0.00%
10.00% 7.40% 4.80% 38.73% 0.00% -10.00% 3.00%

IV.APPENDIX - CALIBRATION
A. Baseline Calibration

[ assume that each period is three vears.3 = 0.98%. | assume log utility. 0 = —ﬁ%% =1x%2/3,

= ——fe_ — U ] 7 =

7@ weeQ el = 1/3,w = 2, A\, = w+ o~ ! = 3. A second order

approximation to the loss function yields: Li = AxT? + Apx? + ... Tn our model the 7, refers
to inflation in one period which is three years. Our calibration is A7 = A, so that the weight
on annual inflation is the same as output gap. Then 32 = X\, = \9. A, = % = %ﬁi
assume a particular functional form for tax collections: s(7) = ga7;. This implies that in steady
state: £Z = 1. T assume tax collection is f} fraction of govemment consumption. v = 0.02 (see
sen51t1v1ty analysis below). s(7) = 37 = 2a7? — a = —3 dF = dG + gdr = 0. L% = —£z.
g = -—"f—— X = Fog + &7 = o7l + 1 = £Xog" + 1. In the constant (steady
state) solution 1 Imearlze around the government spendmg that is optimal. ThlS Imphes the

first order condition: —-u._n + g6 — gg8’ = —uc.+gg(l —5) =0. L - .5" = 1=
A= S—fo = lj—’s, =7z 27 In Case 1b I assume that the natural rate of interest is —3 / Spercent n

period O so that 5 percent expected inflation is required to eliminate the output gap.
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B. Sensitivity Analysis

This table shows the equilibrium outcome for various values for -y, which is the fraction of
real government spending that is spent in tax collection (or any other output cost of taxes). In.
the baseline calibration, I assumed that v = 0.02, i.¢. the cost of taxation is 2 percent of real
government spending.
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