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Abstract

What are good inflation targets and by what instrument rules can they be reached? We
examine the selection of targets and instruments, in competitive exchange economies
with lifecycle consumers facing uninsurable idiosyncratic income risks, by a
benevolent monetary authority that seeks to eliminate indeterminacy, thicken asset

markets, and influence the choices of an impatient fiscal authority.

A low inflation target, together with a backward-looking Taylor rule are sufficient to
defeat the indeterminacy that prevails in Sargent and Wallace’s ‘unpleasant
monetarist arithmetic’ model. However, strategic interaction with the fiscal authority,
and the desire to provide social insurance against privately uninsurable income risks,
will raise the inflation target beyond what is ideal in undistorted economies and

above what is desired by either the monetary or the fiscal authority.



1. THE TASKS OF MONETARY POLICY

Most central banks in OECD countries intervene in credit markets to achieve a target
level of the short-term nominal interest rate and the long-term inflation rate [Bernanke
and Mishkin (1992)]. The influential paper by Taylor (1993) suggests that Federal
Reserve policy is well characterized by a simple rule in which the central bank sets
the short-term nominal interest rate as a linear function of the lagged inflation rate and
of lagged output deviations from their target values. Taylor argues that an active
policy rule, with the coefficient on inflation greater than one, ensures macroeconomic
stability. If the nominal interest rate has a more than one-for-one response to any
change in inflation, then the central bank is able to influence the real interest rate and

deter inflationary pressures."”

Benabib, Schmitt-Grohé, Uribe (2001a), on the other hand, observe that active policy
rules may have unintended consequences if one considers the zero bound on the
nominal interest rate. The steady state equilibrium for an active policy rule may be
locally unique but, at the same time, multiple trajectories may exist around the steady
state and eventually converge to the liquidity trap with a zero nominal rate and
deflation. This global indeterminacy is robust to wide variations of parametric values
(e.g. slope of Taylor rule, the long-run inflation target, consumption velocity of money,
etc), and holds for a fairly general class of monetary models with both flexible and

sticky prices.

The possibility of indeterminacy under an active policy rule is followed up in a
number of studies [Benabib et al (2001b), Bernanke and Woodford (1997), and

Carlstrom and Fuerst (2000, 2001)] which cast doubt on the stability of active policy



rules. These studies generally stress on the drawbacks of active policy rules when the
interest rate responds to forecasts of future inflation. When the inflation trigger for the
interest rate instrument consists of an inflation forecast, the Taylor rule may lead to
equilibria that respond to arbitrary changes in agent expectations. To solve this
problem, the central bank needs to focus on lagged interest rates rather than lagged

inflation rates.?®)

Selecting instruments and targets has become the key challenge for monetary
authorities operating in distorted real world economies. In these economies, simple
laissez-faire rules of zero nominal interest rates or zero inflation, suggested
respectively by Friedman (1969) for representative household environments and
Freeman (1993) for lifecycle ones, are not sufficient to deliver macroeconomic
stability.® This paper studies efficient responses of monetary policy to three types of
distortions that afflict simple dynamic economies. Paralleling the literature on Taylor
rules, we examine indeterminacy in economies with lifecycle consumers.”” We know
from Sargent and Wallace (1981) that certain types of passive monetary and fiscal
policies (constant nominal yield, constant fiscal deficits) generate a continuum of
Pareto-ranked perfect foresight equilibria bounded by the two steady states. One
steady state is stable, dynamically inefficient with high inflation; a permanent increase
in the nominal interest rate has the “unpleasant monetarist arithmetic” property of
raising the steady-state inflation rate by more than the interest rate hike. The other
steady state has exactly the reverse properties. Between those states lie a continuum of
dynamic equilibria that converge monotonically to the inefficient state. We show that
both indeterminacy and the ‘unpleasant monetarist arithmetic’ property are cured by a
backward-looking Taylor rule that sets a low inflation target, a relatively high-nominal

interest target, and pursues those targets by aggressively boosting nominal yields



when inflation heats up.

Uninsurable idiosyncratic income risks are the second distortion we examine, and one
that compels any benevolent central bank to aid in the provision of social insurance
when private insurance is unavailable. Social insurance in our context means exactly
the same thing as in Edmond (2002): lump-sum payments to older individuals,
financed by printing currency, and imposing an inflation tax on the young generation.
The monetary authority is called upon to balance the distortion from missing markets
against the distortion from inflation. It does so by selecting a higher inflation target

than it would in an economy with complete markets for contingent claims.

A similar inflationary bias shows up when the independent monetary authority
interacts strategically with an equally independent, and less patient fiscal authority.
The non-cooperative nature of this interaction distorts policy choice for reasons
similar to those discovered by Dixit and Lambertini (2003) in a static Keynesian
framework: the fiscal authority and the monetary authority want different things. The
two authorities have different inflation and output targets in Dixit and Lambertini
(2003); in this paper they trade off consumption in youth and old age differently.
Being less patient, the fiscal authority places a lower value on old-age consumption,
and by extension on high asset returns, than the average household or the benevolent
central bank. Low real yields are achieved by higher inflation targets, and reduced real
costs of public debt which encourage bigger fiscal deficits, and more generous

purchases of public goods than households ideally want.

The best response of the monetary authority to non-cooperative play by the fiscal

authority is to accommodate a fraction of the increased desire for public spending by



raising the inflation target more than the nominal interest rate target, thus weakening
household demand for currency and strengthening the corresponding willingness to
buy public debt. In dynamic general equilibrium models, long-run inflation is the
likely result of non-cooperative policymaking by authorities with different objectives,

just as it is in the static Keynesian world of Dixit and Lambertini.

The rest of this paper is organized as follows: Section 2 lays out the economic
environment. Section 3 describes equilibria for exogenous policies and calculates the
payoffs from these policies for a benevolent central bank and a slightly less
benevolent treasury. Section 4 designs targets and instruments to defeat indeterminacy
and ‘unpleasant monetarist arithmetic’. Section 5 analyzes the inflationary bias from
the provision of social insurance in incomplete markets. Section 6 examines
non-cooperative games with commitment between monetary and fiscal authorities,

and section 7 sums up conclusions and discusses extensions.

2. THE ENVIRONMENT

We study an exchange economy that consists of an infinitely-lived monetary authority
(MA), an infinitely-lived fiscal authority (FA) and a countable infinity of two-period
lived overlapping cohorts, indexed by v=0,1,... . Time extends from one to infinity.
The monetary authority is benevolent; it seeks to maximize the expected lifecycle
utility of the average household in the steady state by manipulating the sequence of
{R"} =o” of nominal yields on public and private debt. The fiscal authority is slightly
less benevolent; it has the same objective as the FA but discounts old-age

consumption more than the MA. The fiscal authority issues public debt to pay for a

sequence of transfers {z,} to old-age households or for a sequence of {z,}, of



public good purchases. For reasons we discuss below, no taxes are levied on

households.

The Public Sector

Value is stored in the form of two assets: safe debt and currency. Debt is issued at
each period ¢ by the fiscal authority and purchased by the households and the
monetary authority. It pays a real yield R, = R/ / i,, where the inflation factor i, =
P, /P, measures the change in the price level P, Currency is issued by the central

bank and purchased by young households for ‘transaction services’.

We denote B, as the real stock of public debt issued at # with maturity at #+1, by D, the
monetary authority demand for debt, and by g; the real fiscal deficit. The budget

constraint for the fiscal authority is:

g t Ri1 Bry = B; (1)

A similar constraint for the monetary authority reads

D — R.iDy = my — mey/ iy (2)

where m, = M, /P, describes the real value of currency. Both of these budget

constraints equate the flow of expenditure to the flow of revenue at each period z.

The Private Sector

Cohorts are made up of a unit mass of households, indexed by their youthful
endowment 0 €[0,0] . Youthful endowment describes the birth state of each
household which is a random draw from a fixed distribution G on [#,6] such that

G(0)=0, G(6 )=1, and | 0dG = 1. The endowment vector of household @ in cohort ¢



1S

o (0) = (0, 1) if t=1 (3a)
= 1y t =20

This endowment contains an idiosyncratic uninsurable risk &, and a deterministic
lump-sum transfer from the fiscal authority. We assume that the fiscal authority does
not have the power to levy income taxes. If it did, income risks would be perfectly
shared by taxing away all youthful income and distributing the proceeds as lump-sum

transfers without harm to private incentives.

Households with any birth state § share a common lifecycle utility function of the

form:

U (6) = logimin[c, (0).m! (0 /v)}+ Blogx,., (0)
+ 7[10gzt + IBlogZ[+1]J

(3b)

which depends on youthful consumption ¢,(6), old-age consumption x:; (), youthful
money demand m,d( 6), and a vector of (z;, z;+;) of public goods consumption. Here we
assume that fe (0, 1), v > 0 is the reciprocal of the consumption velocity of money,
and y >0 is a parameter that controls the marginal rate of substitution between private

goods consumption and public goods consumption.

Household & has period-by-period budget constraints:

¢, (0)+m! (©)+b' (0)=6 (4a)

X0 (@) =7, +m (0)/i, +Rb (©) (4b)



in which 5% is the demand for debt. These constraints are summed up in the lifecycle

constraint

N
Lm0+ 2Oy @ =0+

t t t

¢, (0)+

where 7" =R" —1 is the nominal interest rate and y,(6) is the value of lifecycle

Income.

An optimal consumption plan requires that m? (@) =vc,(8) whenever R,'>1. In that

case, we rewrite (5) in the following form:

Oy + xu1(Q/R, = yi(6) (5)
where
1y, = 1+v(r: /R) (6)

is a variable controlled by the central bank.

Maximizing the utility function (3b) subject to constraint (5') generates the following

household demand schedules:

_y..(0)
c (0)= S (7a)
%4 (0) =L R y,(0) (7b)
+ 1+ ﬂ tJt
m! (0) = vc(0) if RY > 1 (7¢c)
= +o0 if RY =1
b/ (0)=06~c,(0)-m/(0) (7d)

Integrating over households, we derive economy-wide demand schedules which

depend on the instrument setting (t, v, ):



¢, = J' Ct(e) dG(F)) — !//t(1+rt+l/Rt) (861)
1+
_ _ B
x = [ x(6) dG(6) (H ﬂj(RH +7,) (8b)
m? =jm;f (0)dG(0) = vc, if RN > 1 (9a)
= +o ifRN=1 (9b)
b = j b (0)dG(O) =1-c, —m’ (9¢)

3. EQUILIBRIUM FOR EXOGENOUS POLICIES
Policies are vectors (7, z, RN ') that describe real transfers to the old, purchases of
public goods, and settings of the nominal yield instrument. For each >/, these vectors

satisfy the inequalities
220, RY>=1 g+z<I (10)

which constrain the provision of public goods and the nominal interest rate from
being negative, and prevent the fiscal authority from spending more than the entire

national income.

Any policy is feasible if it is consistent with clearing in the goods, bonds and money

market for each ¢ >1, that is, if

ot Xtz =1 (11a)
D, +b’ =B, (11b)
m! =m, (1lc)

10



The first of these equates total spending on consumption and public goods to
aggregate income; the second one equates the demand for public debt by the central
bank and households to debt supplied by the treasury; and the third one balances the

demand for real currency with the corresponding supply.

Given the budget constraints (/) and (2) for the monetary and fiscal authorities, all
three markets will clear if the goods market does. Substituting (8a) and (8b) into (11a),

we obtain a non-autonomous first-order difference equation in the real yield R, that is,

PR, +7,., % — 1+ B)(1-z,) - fr, -y, (12)

t

This equation ties equilibrium outcomes to the choice of the fiscal instruments (7 z,)
and the monetary instrument (y,). In particular, passive policies of the form
= (1, 2, W) = (7, z, w) = x, for all ¢, lead to the indeterminacy originally pointed out

by Sargent and Wallace (1981). Solving (12) for R,, we obtain

(4’4
R = ——M (13a)
A(m) =R,
where
A(r) = (1+p)(1-z) — Pr—y is decreasing in n=(7, z, y) (13b)
N -1
_ vr . . . N
v = (1+R_Nj i1s decreasing in R (13¢)

Steady states are positive solutions to the equation:

f(R) = BR — A@R + ry = 0 (14)

Therefore, any policy 7 = (7, z, y) that satisfies

A(m) > 2 pry (15)

11



is consistent with two steady states, 0 < R, (r) < R (z), shown in Figure 1 as
intersections of the solid line with the diagonal. Given R" the state R 1* has higher
inflation than the state R,". The inequality (15) requires that the fiscal deficit, 7+z, be
‘not too large’, and the nominal yield R" ‘not too small’. Otherwise the supply of
loanable funds to the fiscal authority will be unable to offset the corresponding

demand.

The challenge for a monetary authority in this environment is to keep the economy
away from the high-inflation state R;" (r) which is afflicted with the triple problem of
indeterminacy, dynamic inefficiency, and what Sargent and Wallace called ‘unpleasant

monetarist arithmetic’.®)

o"
.
o450

R, 4
R ()
RY =RV +¢
Ty/A(T)
RJ*(”’)
» R-]
0 >

R/ () R (m)

Figure 1. Dynamic Equilibria and Indeterminacy

Indeterminacy is a serious problem because the high-inflation state attracts any

equilibrium path whose initial real yield is in the interval (R;", R.’). Dynamic

12



inefficiency arises because the polynomial f(R) in equation (/4) cannot have two roots
above +1, which means that the interest rate R, is necessarily below the growth rate.
Finally, ‘unpleasant monetarist arithmetic’ is the counterintuitive property of a
positive correlation between inflation and nominal yield, and of a negative correlation
between inflation and fiscal deficits. For example, a permanent rise in nominal yield
R" will displace the equilibrium frontier in Figure 1 from the solid line to the dotted
line, thereby lowering the steady state real yield from R, (r) to another real yield
R, (z’) even though the nominal yield has gone up. This requires the steady-state

inflation rate to move up by more than the nominal yield.

The low-inflation state R, () is free of two of these problems and, for some policy
choices, of all three. Specifically, if the fiscal deficits (7 z) are sufficiently low and R"

is sufficiently high, then A(m) > (7Ay). In that case, equation (74) says that

R/'(m) < 1 < R, (m) (16)

For these policies, the low-inflation state is dynamically efficient, in the restricted
sense of supporting desirable intertemporal allocations of aggregate private
consumption between two co-existing cohorts, if the monetary authority is willing to
ignore static inefficiencies that are caused by missing markets for income risks, and

from the possible misallocation of resources between private and public consumption.
To steer the economy away from the high-inflation state, the monetary authority can

exploit the fact that dynamic economic behavior, as described by equation (12),

responds to the choice of the monetary instruments (y,).

13



4.  CONTROLLING INDETERMINACY
Can the monetary authority manipulate the interest-rate instrument R", to nudge the
economy towards the low-inflation steady state? Taylor (1993) suggests that the

Federal Reserve system has done so in the past through rules of the form

RY =T(,.,) (17)

where the function T : R, —[1,0) has the property of overreaction near the inflation

target i *, that is,
T'G")>1 (18)

We examine next the impact of these instrument rules on the dynamic properties of

equilibrium in the neighborhood of a dynamically efficient steady state R, (7)>1
which we assume to be supported by some policy for which R, is an appropriate
nominal interest target, and i" = R, /R, (r) is the inflation target. By construction,

these targets eliminate the high-inflation state as a possible equilibrium.

Substituting the Taylor rule (17) into the market clearing condition (72) produces a

dynamical system in (R ,i,), namely

i, =H(R',i_) (19a)

RY =T(,,) (19b)

(20)

where  H(R,i)= l{a + ) (1-2)— ﬁ[r + Efﬂ[a +V)T (i) - v]—@
T 1 T

A unique steady state (R),i") has been built into this system. Dynamic behavior in

14



the neighborhood of that state is controlled by two real eigenvalues

T'(i")and H(R,,,i"), where Hy is the partial derivative of the function H with

respect to R, evaluated at the steady state. It is easy to check that

1+ VR, -
HR:_(*_V)#<_1 ) 1)
Ti

if R’ <1, that is, if the high-inflation state is dynamically inefficient.

The other eigenvalue equals to the slope of the Taylor rule. If that rule overreacts to

past inflation as in inequality (18), then the steady state (R,,i ) is locally unique;

otherwise it is indeterminate. We conclude that, in simple lifecycle economies, Taylor
rules defeat indeterminacy, reverse the ‘unpleasant monetarist arithmetic’ property,

and steer the economy towards dynamically efficient outcomes.

5.  THE INFLATIONARY BIAS FROM INCOMPLETE MARKETS

Achieving determinate, dynamically efficient aggregate outcomes is not equivalent to
optimality in environments of incomplete markets, especially ones in which asset
markets are too weak to provide insurance against income risks. Edmond (2002) and
Paal and Smith (2001) study economies in which low-inflation policies are

suboptimal. To understand why, let us ignore public goods and think instead of the
policy (z,,R")=(0,1) V¢ which pays no old age subsidy, delivers the golden rule

outcome with zero inflation, and provides maximal liquidity for consumers.

What is wrong with this policy is that it does nothing to insure individuals against
uninsurable income risks. Unlucky households with very low realized income will do

very poorly, lucky ones with high income will do splendidly. A modest amount of

15



inflation is helpful in this setting. A small inflation tax generates seignorage that will
finance lump-sum payments to all households. The outcome is to make after-tax
income less sensitive to the luck of the draw 6, without unduly distorting
intertemporal consumption decisions. In a setting similar to ours, Edmond (2002)

shows that it is optimal to raise the inflation target above zero.

To see this, suppose that currency yields no utility services (v=0), and that there is no
independent fiscal authority. The government expands money supply at the gross rate

L = 1 to finance an old-age transfer 7; at time ¢, that is,

M, = u M, (22)

This implies a consolidated government budget constraint

Pt Tt = Mt - Mt_] = (]-I/ﬂ) Mt
Equivalently, we have

7, = [1 - l}nt (23)
7

where m;= M, /P; is the supply of real currency balances.

We skip issues connected with indeterminacy, which can be cured by Taylor rules, by

focusing on stationary monetary equilibria. The stationary form of equation (23) is

T =(1—l}n (23")
Y7,

Assume that the pre-tax endowment profile is (6, 0), and the after tax profile is (6, 7)
for a household of type @ in any cohort /=7,2,... . Since money is the only store of
value with steady-state yield R=1/x, saving by a household with income profile (6, 7)

at that yield is

R S P B Sy
$(0)=— ﬂ[ﬂﬁ Rj = ﬁ(ﬁé’ 1) (24)

16



Aggregate saving equals the stock of real currency balances in equilibrium because

private debts cancel out. Thus,

m=|s(6)dG (25)

Combining (23°), (24), and (25), we obtain

_(-vu)p
B+u
__B
m= ey (26)
Equilibrium consumption profiles for agents of type @are [c(6),x(6)] where
x(0) = ﬁc(@) (27a)
7
(1 | o+pu-1
C(e)_[nﬂj[ p+u J v

These expressions say that high steady-state inflation benefits unlucky individuals. In
fact, ¢(6) is increasing in u for all @ because low rates of return tilt consumption
toward youth. It is also easy to check that x(6) is increasing in u for ‘sufficiently
small’ @ and s, that is, for 8 < B(2u -i +B)/(f+w)’°. Old-age consumption for
unlucky agents benefits from inflation because the income effect from a bigger
old-age pension overwhelms the adverse substitution effect of a lower yield on

saving.

Lucky agents are the only ones hurt by inflation. To balance conflicting household
attitudes towards inflation, we assume that the central bank chooses ¢ > I to

maximize expected (or average) utility in the steady-state, that is,

V(w = Eqg {log[c(Q)] + plog[x()]}

17



Substituting (27a) and (27b) into this expression and ignoring constants, we obtain the

concave payoff function

V(u)=—plogu+(1+ ﬂ)log{ﬁjtw} (28)
B+u

defined for every p > 1.

It is straightforward to see from the first-order condition for a maximum that the

optimal inflation rate is 2~ > I. In fact,

2
1 1 1+ 1
—V'(ﬂ)=——+( jE{ } (29)
B u \u+p) LA+ P)e®)
which implies
iV'(l) =—1+ E{;}
B 1+ f)c(0)
1
>-1+| ——m— by Jensen's inequality
{(1 + ﬂ)EgC(é’)}
=—1+ ELQ by equation (27b)
=0 by assumption

Therefore, the solution to V'(x) =0 requires positive inflation. If we expand 1/c(6)
around E(6) = I and ignore terms of order higher than two, the equation V'(x)=0

reduces to

2 _ (1+:B)(/U_1)/U2
2 =J(u)= 2 30)
7 =T ) ‘

where o, is the variance of the youthful income. Since J(.) is an increasing function

that attains the values J(1) = 0 and J(u) — o as p — oo, equation (30) has a unique

18



optimum g >1 for each value of o, > 0and of the discount rate #>1. This optimum

is an increasing function of both income variance and the discount rate; a high value
of  weighs the social insurance benefit from old-age transfers more heavily than the

inflation distortion.

Two examples will give a sense of how large the optimum inflation rate may be. For

the parameter values (o,, 8)= (1,1), that is, no discount and unitary coefficient of

variation for income, we obtain from (30) a u slightly above 2 which corresponds to

an annual inflation rate of about 2.5% compounded over a 30-year span. At the other

end of plausible parameter values, the choice (o,, )= (0.5, 0.5) reduces the

optimum annual inflation rate to nearly 1%.

6. STRATEGIC MOTIVES FOR MONETARY POLICIES

(a) The Issues

Independent central banking has become the norm for advanced societies because
citizens do not altogether trust the treasury to co-ordinate both monetary and fiscal
policy. One particular fear is that the electoral cycle makes the treasury too willing to
tolerate inflation and fiscal deficits as it pursues short-term gains in output or
long-term transfers to key voting blocks. The citizens seem willing to give up the
obvious advantage of policy co-ordination in the hope of entrusting some of the levers
of economic policy to institutions with more congenial or benevolent motives. Less
tolerance for inflation may well be one of these motives, advocated by Rogoft (1985),

and documented in Eijffinger and de Haan (1996) and other studies.

This section analyzes policy outcomes in a society with two independent

19



policymakers: a benevolent monetary authority (MA) that evaluates outcomes exactly
the same way as the average household; and a fiscal authority (FA) that is inherently
less patient than the household or the central bank. Ideal social outcomes in this
setting correspond to the bliss point of the average household or the MA: policy
supports an ideal division of resources between public and private consumption,
between current and future consumption, but not necessarily among households

facing uninsurable income risks.

On the other hand, if the treasury coordinates all policies, then it will deliver the bliss
point of the FA. Consumption will favor public goods over private ones, the young
over the old, and deficit spending. To finance the resulting public debt, the FA needs
higher nominal yields and is willing to tolerate higher inflation than would the central

bank.

To understand these outcomes, we study a simplified version of the model economy
from section 2 with zero transfer payments throughout. The endowment vector is (6,0),
the utility function is exactly as in equation (3b), and policies are constant vectors
7=(z,R") such that z<[0,1] and R">I. The FA controls the first element of the policy
vector, the MA controls the second one. Each authority commits to a fixed choice that
maximizes its own payoff function. The central bank maximizes the expected
steady-state value of household utility shown in equation (3b). The treasury
maximizes an identical function with uniformly more impatience, that is,

witho € (0, ) replacing f in equation (3b).

Ignoring old-age transfers, and also setting old-age endowment at zero, brings to our

analysis two considerable simplifying advantages: indeterminacy is no longer a

20



problem and social insurance is no longer a motive for policy. Inspecting equations
(5'), (7a), (7b), and (12) we see that the lifecycle income vector /c(6),x(0)] is exactly
proportional to €. Also, the term R, vanishes from the law of motion for real yields

which becomes
PR=(1+p)1+2)-y (31)
in the steady state.

These two observations mean that our special model does not allow policy to
manipulate the present value of lifecycle income or to influence the number of

equilibria. Equilibrium is unique and social insurance is infeasible in this section.

(b) Ideal Policies
For any constant policy (z, R"), or equivalently (z, y), stationary equilibrium obeys

equations (7a), (7b), and (31), that is

PR=Q1+p)1-2)-y (31)
(1+ B)c(6) = Oy (32a)
1+ B)x(0) = 0[(1+ (1 - 2) — /] (32b)
where
B 1
v —v/R" (329

From (31) it is plain that a unique stationary equilibrium exists for any feasible policy

such that
(1+p)(1-z)-y >0 (33)

Suppressing constants, we substitute equations (31) and (32) into (3) to compute the

payoff functions for the monetary and fiscal authorities. These are

WY (z,) = logy + Blog[(1+ )1 - 2) —y]+y(1+ Plogz  (34a)

for the monetary authority; and

21



W (z,w)=logy + Slog[(1+ B)1-z)—w]|+y(1+5)logz (34b)

for the fiscal authority.

The ideal policy for the MA is the joint solution(z,,,,, ) to the first-order conditions

ow M
0z v oy
Equivalently, we have
w=1-z, w=(+ ﬂ)[l —(1 +MH (35a)
1+ 4

Proceeding similarly, we obtain the ideal policy (z,.,i ) for the FA from

a F
wr 2, wr W _

0
: 0z v oy

which leads to

_(1+B), _ _ (14977
y/_(1+5j(1 2), y/_(1+ﬂ){1 (H“ﬁH (35b)

From equations (35a) and (35b), it is clear that the MA desires a higher interest rate
for each given z than does the FA, and also a lower flow of the public good for each
given interest rate. The MA prefers a high value of R", or low w, at each given z
because, by equation (30), higher nominal yields lead to higher real yields which, in
turn, tilt private consumption towards old age. The same mechanism explains why the
FA likes public goods more than the MA at each given y: higher values of z lower real

yields, and redistribute private consumption towards the young generation.

Bliss points in the policy space (z, w) are surrounded by ellipsoidal indifference

contours for each policymaker. Figure 2 displays indifference contours for the MA
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with continuous lines, and for the FA with broken lines. Differences in contours are

due to the fact that the line W, =0 lies above the line W =0 and the line

W, =0 lies above the line W' =0.

The optimal policy for the household is, by assumption, the MA bliss point. However,
equilibrium outcomes are sensitive to the institutional setting within which the two
authorities interact. If policy is coordinated by the treasury, the outcome is the bliss
point of the FA with more public spending, a lower interest rate, and higher inflation
than the household wants. All of these are obvious from Figure 1, except for the
inflation differential. To see that the FA desires higher spending and higher inflation
than the MA, we solve equations (35a) and (35b) separately to obtain ideal policies

x,,and 7z, for the monetary and fiscal authorities. These policies are, respectively,

* * * 1
Ty E(ZM,WM)=(—liy , —1+7j (36a)
* — * * _ }/ 1
ﬂ-F_(ZF’l//F)_ 1+5 51+ 1+ﬂ (36b)
1+ /4 4 7/1+§
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Figure 2. Ideal and Actual Policies

If the fiscal authority is less patient than the central bank, then 6 < f, z, >z,,,

Vi<W

Each policy 7=(z,) implies a unique inflation target which we can extract easily from
equation (37). Using the definition of y in equation (32¢), we rewrite equation (3/) in

the form

i B
[+ py1-2) -y i+v-1/y]

(37)
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Inflation targets for the two authorities’ bliss points are computed from equations

(36a,b) and (37), i.e.,

— (38a)
l1-z,
if?{ﬂ(“g)j - (38b)
51+ ) )1-z,

Clearly, for any p>0>0, the fiscal authority’s inflation target exceeds the monetary

authority’s inflation target.

¢) Equilibrium Policies

Suppose now that policymaking is a one-shot strategic game with commitment,
played by the two authorities: the MA selects y €[1/(1+v),]] and the FA selects
z€[0,1]. As we know already, no equilibrium exists if (/+p)(1-z)<w. Should we
expect the outcome of the game to lie between the two bliss points (z,,,)and
(z,,,W, ) in the space of policies? Is the equilibrium a compromise between

competing ideals?

Dixit and Lambertini (2003) show that expectation to be generally incorrect in a static
Keynesian model: equilibrium is typically outside the interval defined by ideal
policies. Both fiscal spending and the nominal interest rate turn out to be higher than

either policymaker’s targets.

That intuition applies with full force in our dynamic economy because the equilibrium
real interest rate in equation (31) is a decreasing function of z and an increasing
function of the nominal yield. The FA wants low real yields that favor consumption in

youth; the MA pulls in the opposite direction. Specifically, the central bank desires
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high nominal yields at any level of fiscal spending, and the treasury wants high fiscal
spending at each nominal yield. The end result is that both authorities overshoot their

ideal targets.

For example, the equilibrium of a simultaneous move game lies on the intersection of

the two best-response functions: the MA best response Wyf” =0, and the FA best

response W. =0. From (35a,b) we have the Nash equilibrium

;:@ja:( 4 818 ] (39)

y+y/B T y+3/B

Comparing (36a), (36b), and (37), we verify that the Dixit and Lambertini (2003)

intuition extends to dynamic non-Keynesian economies, that is,

z>zn >z, <y <y, (40)
Nash equilibrium specifies more fiscal spending, a higher nominal yield, and (as
easily shown) more inflation than either player ideally desires. This is also plain from

Figure 2.

Outcomes may come closer to a player’s bliss point if that player moves first. For
example, if the MA is the Stackelberg leader, then the equilibrium will be a tangency
between the monetary authority’s indifference contours and the fiscal authority’s best
response line, as shown in Figure 2. It is easy to show that equilibrium policy in that

case is

y B+ By 1} )

7[**: Z**’ *ok _ ’
u = oY) (1+7 S+0+ By  l+y

A comparison of (36a,b) with (41) reveals that
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Yu=Yu Zy > Zp > Zy (42)

We conclude that, if the central bank moves first, the Stackelberg equilibrium
achieves the ideal interest rate for households and the MA, but fiscal spending is still
higher than the ideal for either player. The lack of policy coordination in
non-cooperative games causes difficulties not just for simultaneous moves but for any

sequence of moves.

7.  CONCLUSIONS AND EXTENSIONS

This paper has examined sequentially three challenges for monetary policy:
controlling indeterminacy by Taylor rules, providing social insurance under
incomplete markets, and attempting to exert strategic influence over the direction of
fiscal policy. Our main findings are in line with earlier work by Taylor (1993),
Edmond (2002), and Dixit and Lambertini (2003). In a simple life-cycle model of
dynamic general equilibrium, we find that Taylor rules do a good job, at least near
efficient steady states, of defeating indeterminacy if a sufficiently low inflation target
is selected. This reassuring conclusion is tempered by two other findings: the inflation
target cannot be very low if the fiscal authority wishes to provide social insurance for
privately uninsurable, idiosyncratic income risks, and also because strategic
interaction between the monetary authority and the fiscal authority may raise the

equilibrium rate of inflation above the level desired by either authority.

Extensions of this work should look at policymaking that confronts simultaneously all
of the three challenges described previously. The conclusions we can draw from an
exercise of that type will carry more conviction if the fiscal authority is allowed to tax

incomes, rather than just issue debt; if strategic play is repeated without commitment,
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rather than being one-shot with commitment; and if individuals trade more frequently

than the simplest two-period lifecycle framework permits.
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ENDNOTES
1) Active policy rules were shown to be stabilizing in a number of ealier papers in
the context of non-optimizing models [Levin et al (1999)], in optimizing models with

flexible prices [Leeper (1991)] or with nominal rigidities [Rotemberg and Woodford

(1997, 1999)].

2) Benhabib et al (2003) propose an inflation trigger that looks backward and
consists of lagged terms as smoothing factors. In that case, an instrument rule with
sufficiently backward-looking elements can help central banks neutralize
self-fulfilling fluctuations. This is easier to achieve when the nominal interest rate
depends not only on measures of inflation and the output gap, but also on lagged
nominal interest rates which do not appear in the original Taylor rule but are included
here as smoothing variables. Theoretical work by Giannoni and Woodford (2002a,b)
and Rotemberg and Woodford (1999) justifies the inclusion of lagged nominal interest
rates in policy rules. This body of work shows that, if the sum of coefficients on
smoothing variables exceeds one, a locally unique equilibrium emerges; otherwise

indeterminacy and equilibrium cycles remain.

3) Bewley (1983) examines the optimality of the Friedman rule in an economy with
uninsurable income risks and infinitely lived agents; Paal and Smith (2001) and

Edmond (2002) redo that exercise in lifecycle economies.

4) Azariadis and Kaas (2002) study an endowment economy in which the planning

horizon of infinitely-lived households is finite due to recurring and endogenous debt

constraints.
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5) Recent literature on unpleasant monetarist arithmetic includes Espinosa and

Russell (1993) and Bhattacharya et al. (1998).
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