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ABSTRACT

In this chapter we review some fundamental issues that have been identified
by macroeconomists in discussing the coordination of monetary and fiscal policy.
As Sargent and Wallace (1981) graphically illustrated, the consolidated public
sector present-value budget constraint means that monetary and fiscal policy
are ultimately joint decisions. However, as we show in a quantitative general
equilibrium model, even when fiscal solvency is not an issue, monetary and fiscal
policy may still need to be coordinated.
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1. Introduction

In this chapter we consider the interaction of monetary policy with aggregative
fiscal policy. By ‘aggregative’ we mean that our focus is primarily on the
effects of debts and deficits in the presence of lump-sum taxation. We shall,

in particular, be concerned with the ways monetary and fiscal policies may need
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to be coordinated to ensure ‘good’ macroeconomic outcomes. To that end, we
shall be largely occupied with two issues: (a) the fundamental linkages between
the government’s budget constraint and the setting of interest rates and (b) on
the stabilization issues thrown up by systematic fiscal and monetary policy over
the economic cycle.

More specifically, we study how monetary policy may be influenced by
doubts over the wider fiscal solvency of the public sector. In an important
contribution Sargent and Wallace (1981) argued that the money stock and taxes
were substitutes in the backing of government debt. This discussion brings to the
fore the fact that monetary and fiscal policies are linked via a budget constraint.
However, many countries have recently delegated control of monetary policy to an
independent monetary authority, partly in response to the kind of concerns raised
by Sargent and Wallace. There now seems to be some concern that monetary
and fiscal policy may actually not be well coordinated under such an institutional
structure. The issue seems less to do with solvency, and more to do with aggregate
demand management over the economic cycle: if monetary policy is too ‘rigid’,
then fiscal policy may need to compensate by being more ‘flexible’. So the second
issue we discuss is how monetary and fiscal policies might be set jointly in order
to smooth the economic cycle.

In the next section we set out the contents of the chapter in some more detail.

1.1. Key Themes

Following Sargent and Wallace (1975, 1981) macroeconomists generally argued
that there were two key requirements for monetary policy to retain control over
nominal magnitudes. First, monetary policy ought to be characterized by control
over the money stock as opposed to an interest rate peg. However, since fiscal

policy may hamper the effective control of the money supply by requiring excessive



seigniorage revenue — the tax revenue generated from money creation — this
is not, in general, a sufficient condition. As we show in sections 2 and 3, the
consolidated public sector budget constraint is the key equation linking the joint
feasible sequences of monetary and fiscal variables through time. A government
which runs a persistent deficit may require monetary policy to plug the hole in the
public sector finances. Consequently, for monetary policy to retain control over
nominal magnitudes in the economy, fiscal policy must take seigniorage as given
and provide a temporal, (state-dependent) sequence of net deficits in order that
debt satisfies a no-Ponzi condition.

Through the 1980s the US started to run large and what were expected to be
long-lasting fiscal deficits, and the concerns of Sargent and Wallace (1981) moved
centre stage. However, McCallum (1984) argued that it was not at all apparent
that persistent deficits would compromise the ability of monetary policy to control
the price-level. He showed that a key issue was how one defined the deficit. If
one included interest payments in the definition of the deficit, as is common, then
permanent deficits were perfectly feasible without recourse to seigniorage revenue.

In a related analysis, Aiyagari and Gertler (1985) demonstrated that if bonds
were not fully backed by taxes then the price-level would show a proportionate
relationship to the value of outstanding bonds.

Although focussing on different fiscal rules, these two contributions are
essentially refinements of the Sargent and Wallace (op. cit.) intuition. However,
one may question whether the issues considered in these analyses are of first-
order importance. In many models, the real side of the economy, consumption,
real interest rates and so on, is largely immune to fiscal policy developments by

virtue of Ricardian Equivalence.” However, a more recent approach to analyzing

We are being a little cavalier here. While the statement is basically right in representative
agent models with lump-sum taxes (given a path of government expenditure), real variables will
in general respond to shocks to government expenditure. See for example, Baxter and King



the interaction of monetary and fiscal policy, the fiscal theory of the price-level,
argues that the requirements for a rational expectations equilibrium to obtain in
standard models of a monetary economy, are stricter than is often acknowledged.
And in so arguing it demonstrates that prices and output may indeed be influenced
strongly by fiscal policy, even without distortionary taxes, liquidity constraints,
and so on.

The fiscal theory of the price-level (FTPL), developed by, among others, Leeper
(1991), Sims (1994, 1999), Woodford (1995, 1997, 1998a) and Cochrane (2001),
argues that the public-sector budget constraint imposes few restrictions on the
joint choices for monetary and fiscal variables. In the FTPL the government’s
present value budget constraint determines the equilibrium price-level. That is,
if the expected discounted sequence of net surpluses or deficits is not identically
equal to outstanding debt, then the price-level must change in order to bring these
magnitudes into equality. For holders of nominal government debt such changes in
the price-level alter the value of real consumption units to which the nominal debt
lays claim. The resulting wealth effect changes equilibrium consumption, output,
interest rates and the price level. However, this approach has proved controversial
encouraging a sometimes vigorous debate amongst its supporters and detractors.

One advantage that the FTPL may have is that it resolves the problem of price-
level indeterminacy under an interest rate rule. This problem was highlighted by
the earlier contribution of Sargent and Wallace (1975). If the present-value budget
constraint ties down the price-level, we might consider the monetary authority to

be setting the interest rate in a way that may be consistent with how central

(1991) and Aiyagari et al. (1991). Ricardian Equivalence can, of course, break down for a
number of other reasons, such as incomplete markets (e.g., liquidity constraints), disortionary
taxation, non-rational expectations, and so on.

6See for example, Buiter, (1998,1999) who is highly critical of the FTPL and Cochrane, (1998,
2001a, b), who is strongly supportive.



banks act in practice.” However, this comes at a price as monetary policy no
longer controls inflation (although it may still influence expected inflation), and
macroeconomic stability may have more to with fiscal policy than monetary policy.
That said, it may it may be very hard in practice to disentangle the effects of
monetary and fiscal rules. However the overriding criticism of the FTPL appears
to be that it permits the fiscal sector to operate without respecting a budget
constraint, even though the PVBC will be satisfied in equilibrium.

It is increasingly common for theoretical macroeconomics to assume that
the short-term nominal interest rate (as opposed to the money supply) is the
instrument of monetary policy. In sections 4-6, therefore, as a prelude to our
discussion of the joint conduct of monetary and fiscal policy over the business
cycle, we investigate further the implications of the PVBC for monetary policy.
In section 7 to 10 we develop a highly stylized dynamic stochastic general
equilibrium model in which both monetary and fiscal policy have leverage over
aggregate demand. We necessarily incorporate the consolidated public sector
budget constraint, but assume that fiscal policy is set over time to ensure that the
PVBC is met. We then investigate the jointly optimal policies for monetary policy
and fiscal policy given a key objective of stabilizing aggregate demand and find
that our interest rate rule ends up being parameterized remarkably closely to the
original recommendations of Taylor (1993). Our rule for fiscal policy also ends
up being parameterized such that the implied deficit: GDP ratio tracks reasonably
closely recently observed values in both the US and UK. We also analyze what
might happen if one or the other policy rule ‘misbehaves’.

We offer some conclusions and suggestions for further research in section 11.

"Whether or not the FTPL does indeed resolve this indeterminacy issue is a matter, like
much else related to the FTPL, of some controversy; see McCallum (2001).



2. Sargent and Wallace (1981) and What Came Next

For expositional ease, and for consistency with what we present in Sections 7-
10, we shall present the key results in this section using a representative agent
framework. We do not model the factor markets and we assume that there is no
population growth. This set up means we cannot analyze all the issues raised in
some of the original contributions that we draw on. However, we do find it easier
to relate the analyses to one another and more recent contributions. Finally, until
section 7 we shall in general only consider perfect foresight economies under price-
flexibility, although there are some important exceptions in between. We shall
make clear when we drop these assumptions.

Consider a closed economy inhabited by a large number of identical agents.

Each agent’s utility is defined over the real consumption stream, {C}}7°, and the

My

P, } . We motivate the incorporation of base
t=0

stream of real money balances, {
money in the utility function, in the manner of Sidrauski (1965) and Brock (1975),
by appealing to the notion that money eases transactions costs. The discounted

present value of utility is therefore given by,

V=3 g (ct, %) , (2.1)

=0
where U (-) denotes a utility function increasing in both arguments, strictly
concave and obeying familiar Inada-type conditions (see Obstfeld and Rogoff,
1983). In addition we shall also find it convenient to assume that U (-) is
separable in its arguments. This keeps the analysis somewhat simpler than
it otherwise would be in one or two places. Specifically, we shall assume that
U(-) =u(Cy)+v(M/P,). B € (0,1) is the discount factor which equals (1+6)7*,
where ¢ > 0 is the subjective rate of time preference. The representative agent

maximizes (2.1) each period subject to the following sequence of flow budget



constraints,

P,C; + M, + lit <M, 1+ B, 1+ PY,— PT, vt >0, (2.2)
M 1 and B_; given. P, is the price-level in period ¢, M; and B; are, respectively,
nominal money balances and one period (discount) nominal debt held at the end
of period t. Y; is the endowment in period ¢ and 7; denotes lump sum taxes.
The first-order conditions for an interior optimum include (2.2) with equality at
each date ¢, a relationship equating the marginal utility of money holdings to the

marginal cost,

’U/(Mt/Pt) it
= V> 0, 2.3
U/(Ot) 1 + it - ( )

and a relationship characterizing optimal consumption and savings through time:

U/(Ot+1) _F)t 1
= Yt > 0. 24
u(Cy) P11+ - (2.4)

It follows that the price-level will be governed by the following nonlinear difference
equation,

(2.5)

Py =148P {M] :

v'(M/ F)

It is well known that this equation will admit multiple equilibria, some of
which may be ruled out via appeal to familiar conditions on the budget set, as in
Obstfeld and Rogoff (1983), but others which cannot. These conditions essentially
constrain the optimal consumption programme such that borrowing is limited by
lifetime resources. This condition is implied by the intertemporal sequence of

equations in (2.2), along with the requirement that,

T—1 -1
lim {H(1 + z‘tﬂ-)} Wyq — 0. (2.6)
§=0

T—o00



Here we denote W; = M;_; + B;_; This is often labelled the no-Ponzi finance
condition and permits us to rule out equilibria in which, for a given money stock,
the price level tends to zero. (2.6) is therefore also considered a requirement for
an optimum.

The question now is: In what ways does the fiscal-monetary framework affect
the workings of this simple economy? As a first pass at this issue, we shall consider
the economy outlined above in steady state. Specifically, consider a steady state
in which M;/M;_y = P,y1/P, = p = m1 + 1. Since, as we just indicated, the
evolution of prices need not necessarily be consistent with this steady state we
ought to establish that such a steady state is worthy of our interest. In practice
many economists have been persuaded of the importance of this steady state
since otherwise self-fulfilling hyperinflations or hyperdeflations result.® When we
analyze below the fiscal theory of the price-level we shall return to this equilibrium
selection issue. Then, with lower case letters generally denoting real steady-state

values, the representative consumer’s optimality conditions become,

o=r, (2.7)
71),:’((mc)) 1 —T— r’ (28)

and

1+7r

Now note that the government per-period budget constraint is given by

c—(u—1)m—b<L>=y—t. (2.9)

B,
(1+414)

80r, to put the matter more succinctly, many economists have been persuaded by Milton
Friedman that inflation is a monetary phenomenon.

- Bt—l —|— Pt(Gt - E) - (Mt - Mt—l) \V/t 2 0 (210)




The variables in (2.10) are as defined previously, with G; now denoting real
government expenditure. This expression is analogous to the agent’s flow
constraint and together (2.2) and (2.10) imply the economy-wide resource

constraint,

Ci+G, =Y, Vt>0. (2.11)

And since the representative agent’s optimal consumption programme is
constrained by lifetime resources it follows that the sequence of equations (2.10)
will be consistent with the representative agent’s consumption programme if and

only if a requirement analogous to (2.6) is imposed on the government’s net issue
of debt,

T—o00

T-1 -1
lim {H(1 + z‘tﬂ-)} Wyq — 0. (2.12)

In turn, then, it follows that (2.10) and (2.12) together imply that,

oo j—1 .
1 Vitj
et =TT () [P -+ ]|
+s

el e t+j
(2.13)

The traditional interpretation of (2.13) is that it determines the necessary
discounted value of taxation (including seigniorage) given the outstanding real
value of government liabilities, (B, 1+ M; 1)/F;. This interpretation is, therefore,
entirely analogous to the interpretation of the representative agent’s present-value
budget constraint, and implies that (2.13) is a constraint that holds identically for
all feasible price-level sequences. In turn, such a restriction implies that the fiscal-
monetary programme will operate to ensure that whatever the real outstanding
level of government liabilities, sufficient net taxation will be forthcoming to ensure
that (2.13) holds identically. A key implication of this perspective is that monetary
and fiscal policy, in setting the left hand side of (2.13), are potential substitutes

9



in the backing of outstanding liabilities. Most obviously, a rise in outstanding
interest bearing liabilities that does not elicit an equal present valued increase in
tax revenue requires necessarily an increase in seigniorage. Equally, there exists
an additional requirements upon the joint design of monetary and fiscal policy
such that monetary policy is capable of determining the evolution of nominal
magnitudes in the economy.

There are a number of useful ways to view the restrictions typically associated
with the government’s financing constraint. First let us consider the budget
constraint in the constant inflation steady state set out above. In addition,
consider what happens in that steady state when it is also characterized by a
constant level of interest bearing debt. We emphasize that there is nothing special
about such a steady state, particularly with respect to our assumption of steady
state debt. In particular, as we shall see, debt need not in fact be constant in
steady state, even with a constant inflation rate. However, for now, it will help fix
ideas to consider such a situation. In that case the government’s budget constraint

implies

r

b= F”} (G —T)+ Fjr} (1 — D). (2.14)

Following Calvo (1985) assume further a situation in which in this steady state the

government raises sufficient funds via taxation to cover government expenditure.

In that case, we find that
b r
= — . 2.15
m m (1 + r> ( )

Equation (2.7) pins down the steady state interest rate (making it equal to

the subjective rate of discount), while (2.8) determines the steady state demand
for money, given the steady state level of consumption and the discount rate.
Hence equation (2.15) in turn implies a positive relationship between inflation

and bonds. This is the essence of the Sargent and Wallace (1981) contention that

10



control of monetary policy, and hence control of inflation, may be compromised
when the fiscal authority is ‘dominant’, which may imply a stronger commitment
technology. Equation (2.15) indicates that a rise in outstanding bonds, absent any
change in the steady state net primary surplus, implies that steady state inflation
must be higher. The mechanism is clear: the budget constraint needs to be met
and if taxes do not adjust then it falls to seigniorage to meet the shortfall. In
each of the subsequent analyses, except for the fiscal theory of the price-level, it
is this simple logic that requires monetary and fiscal policy to be linked.

Let us now consider another implication of the joint sequence of equations
(2.10) and (2.12). First, note that P,y1/P; = (1 + m¢41), and also that, for any
variable X;, deflated by the previous period price-level it will be convenient to
write X1/ P = (Xi41/Pis1) (1 4+ 7441). In real terms, the flow period ¢ constraint

may be written as
by
1+ Tt

where m = M/ P. Let us assume that the real interest rate is constant. Iterating

= bt 1 + Gt [mt(l + 7Tt+1) mtfl] ; (216)

forward on this equation in the usual way, we find that

T T
by ity s = bir + Miyr 3 {[(T + (L4 r)me) /(L mt-&-]] Y {TH—J - gm]

(14 r)T+1 (14 r)d 1+7)
(2.17)

However, as we noted above, the other side of the representative agent’s

j=0 7=0

transversality condition is an analogous condition on fiscal-monetary sequences,

such that as T — oo we have that

o i oo j
b 1 — Z; <1 i T) {T + (11+—:3n7rt+j+1] mtﬂ-—;—z; <1—ir> [Te4i — Giti] s
" " (2.18)
since in that case
LS i U (2.19)

e (1 )T+

11



Some of the issues raised by Sargent and Wallace may now be observed from
the standpoint of the present-value budget constraint (PVBC). Let K denote the
present value of outstanding liabilities and net of interest deficits. That is,

i < 1 )j [TJF (14 r)miyjin mes; = K. (2.20)

. 147 147
7=0

Crucially, we assume that the arm of government responsible for seigniorage
revenue takes the right hand side of (2.20) as given.  Consider, now, the
consequences of a temporary change in seigniorage revenue raised in period ¢,

but compensated for with a one-off rise in period ¢ + T'. It follows that,

dmyr [+ (L4 r)mea] (L+7)7
dm; [r+ (1 +7r)mra] (2:21)

In other words, any change in the real money stock requires a larger change (in
the opposite direction) in T'—periods time, with a factor of proportionality that
is rising through time.? It appears that postponing the raising of seigniorage runs
the risk of a proportionately larger inflation in the future than may be required
‘today’.1?

The overriding concern raised by Sargent and Wallace boils down the
institutional framework surrounding monetary and fiscal policy. For example,
might policymakers find it optimal and feasible to extricate themselves from
a highly indebted position via an inflation of the price-level? Sargent (1987,
pl76) attributes to Wallace the view that monetary and fiscal authorities may be
engaged in a ‘game of chicken’ with either side trying to force the other’s hand to

meet the obligations of the PVBC. If such a game were to take place then there

90ur example of the Sargent and Wallace concerns is clearly somewhat simplified. Sargent
(1987) Proposition 5.5, p 173, extends the above example of a one-off shift in the money stock
to the case of changes in the temporal sequence of the money supply. The intuition is, however,
the same.

10 Actually, the authorities may not be able to put the fiscal day of reckoning off. If the price-
level is a forward-looking variable rational agents may anticipate the higher future price-level.
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must be a presumption that the fiscal authority has an in-built advantage in the
real world. Consequently, in the presence of some limit to the demand for bonds,
a sequence of deficits may simply end up forcing the monetary authority to step

in and provide the requisite seigniorage revenue.!!

2.1. How constrained is monetary policy?

Through the second half of the 1970s fiscal deficits became more persistent in the
US and ballooned in the 1980s and first half of the 1990s. The concerns raised
by Sargent and Wallace (1981) seemed very relevant. Indeed these persistent
deficits caused some economists even to question whether or not the public sector

was meeting the present-value budget constraint.!'?

However, arguably a more
fruitful line of enquiry was to enquire just how tolerant monetary policy could
be of persistent deficits without surrendering de facto control of inflation. How
extensive would the effects be on inflation of a run of deficits, or even a permanent
sequence of deficits? This was the subject of McCallum (1984). McCallum
enquired whether or not monetary policy might retain control of the price-level in
the face of just such a sequence of permanent deficits. Following McCallum let us
define a ‘monetarist equilibrium’ in which inflation is zero. Let us set p = 1. In
that case we have , m = 0, since 7 = p—1. Alternatively, m;(1+m1) —my 1 =0,
vV t. We shall investigate the extent to which fiscal policy might exclude such a

situation from being a feasible outcome. First of all note that this implies that

U'Would fiscal authorities find such shifts in the price-level optimal? The Ramsey-inspired
approach to policy trade-offs identifies some important factors. On the one hand a bout of
inflation acts like a lump sum tax. If the only other sources of revenue are via distortionary
taxation, then inflation may have an obvious attraction. On the other hand, if there are rigidities
in private sector price setting unanticipated inflation is far from costless. Results presented in
Schmitt-Grohe and Uribe (2002) suggest that optimal policy will ensure substantial stability in
the aggregate price level.

2The key contribution to this literature is Hamilton and Flavin (1986). However, see Bohn
(1995) for a critical assessment of the literature following Hamilton and Flavin (op cit).
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(2.16) may be rewritten as

by
1 +’l"t

=b 1+ (9 — T1)- (2.22)

We adopt the following notation: (g — 7¢) = d, Vt. It follows then, assuming a

constant interest rate, that

T
by = (L) by + (147)d Y (147 (2.23)
j=0
In turn this implies that
b /1y
t+T
e Ty . 2.24
(i %;GA4> (224

1 \T
The final term on the right hand side may be written as d {%} . This
"\

expression does not converge to zero through time, since as T' — oo we see that

bt+T 1 +r
Ao ot

d. (2.25)

However, since the PVBC must hold, a zero inflation equilibrium is not feasible
under rule (2.22); permanent deficits in this sense are indeed inconsistent with the
monetarist equilibrium. In contrast to (2.22), now consider a process for debt of
the following sort:

bt = bt—l + d:(]_ + T), (226)

where d* denotes the deficit inclusive of interest payments, di = (g; + Tff;} — Tt).

Furthermore, let us assume that the fiscal authority attempts to fix the deficit to
its value at time ¢ for all ¢t + j, for j > 0. This rule implies that at time 7" the
outstanding level of debt will be given by,

b be s (T + 1)d*
= . 2.2
(1 + T)T+1 (1 + T)T+1 + (1 + T)T ( 7)
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We note that the first term on the right hand side of this expression clearly
converges to zero for T'— oo. The second term on the right hand side follows a
somewhat circuitous route, rising initially before falling. Intuitively, whilst the
numerator is rising linearly through time, the denominator is rising exponentially
through time. As T — o0, it follows then that (13% — 0, as required. The
intuition is that by including interest payments in the definition of the deficit,
the government repays a sufficient amount of debt each period and hence meets
the PVBC.'® In this sense permanent deficits are a feasible policy for the fiscal
authority in the presence of a zero inflation monetary policy.

However, even on this definition of the deficit, there are some unappealing
implications for the evolution of taxes. In particular, the sequence of taxes
required to support such a permanent deficit is itself unbounded. It can be
shown that the sequence of taxes necessary for dy = d* for all ¢ is given by

[o.¢]

+(1—jr)d} ,

J=0

Tbt_l
1+7r

{Teit20 = {gt+j +

which in turn can be used in (2.27) to yield a formula for the deficit inclusive of

i { (j biys — bt+81> + (1 —jr) d}] )

where the first term within the summation is a sequence of terms in the growth of

Iinterest:

r
1+7r

outstanding debt.!* 'We see, therefore, that taxes are rising linearly through time.
Although the level of debt is rising through time the constant valued deficit implies
a growth in interest payments that is declining through time. Consequently, the

growth in taxes is also falling through time but necessarily at a rate initially less

13The ever-rising interest payments on the outstanding debt enable agents to pay the ever-
rising taxes. See below.
We adopt the convention, Y, =0, for j =0.
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than that of the debt service. The primary deficit is therefore constrained in this
set up to fall without bound such that taxes raised are sufficient to meet the ever
rising interest bill on the rising stock of debt.!

Aiyagari and Gertler (1985) widen the notion of ‘monetarism’ relative to
McCallum’s. In addition to the notion that the price-level is determined by the
money supply, they also investigate wether or not money is unique in its effects
on other economic variables, whether it matters if fiscal policy or monetary policy
causes variation in the money stock, and whether a strict Fisher relation obtains
between nominal interest rates and expected money growth. It is not possible
to review all the results in this contribution. However, a notable result, that the
price-level may be closely tied to the level of government debt has been of more
recent interest since it has become something of a forerunner of the fiscal theory

of the price-level. Consider a rule for raising tax revenues of the following sort.

VB,
1+
For 0 < ¢ < 1, this says that outstanding government bonds are not completely

T, = |Gy +YBi—1 —

(2.28)

backed by taxes. Using this in (2.10) and simplifying we get that

1—
(1 n Z) By=(1—-vY)B_1 — M+ M,_;. (2.29)

As before we may write this in real terms, such that

I+
1+

By n M

(+i)pt +(1-9)p | = -y ot + 2L

2.30
Py Py (2:30)

Using (2.2) under the assumption of log separability (that is U = logC +

15 In addition McCallum also demonstrates that the deficit growth need not, even in this
no-growth economy, literally go to zero to ensure fiscal solvency, although there is a bound on
the possible growth rate which is determined by the steady state rate of interest in the economy.
We postpone until section 4 discussion of the interaction between fiscal solvency and the interest
rate.
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xlog(M/P), x > 0) we get that

1 M, B; ] Bi_1 M
+ (1 — + xC; = (1 — + , 2.31
o | P ( ¢)Pt+1 XCr = (1 —1) ) ) (2.31)
where we have used that,
L+myr . M I+ 7 . I+
= — ] (1 Cy = ;. 2.32
154, B, X\ Ty, )G =g G (2:32)

It is straightforward to rearrange equation (2.32) and recover an expression
governing the evolution of the equilibrium price-level of the form (2.5), (or 2.37
below, using our assumed functional forms). However, following Walsh (1998),
it may be more useful to solve for the steady-state price-level in this set-up. In

steady state we have that C =Y, i =r = §. Therefore from (2.32) we see that,

5 M+(1-¢)B
146 XY '

In the event that taxes fully back debt issue, then a steady-state equilibrium of our

(2.33)

model exists in which the price-level will be directly proportional to the money
supply in the way the simple quantity theory might suggest. However, to the
extent that taxes do not fully support debt issue then we see that the price-level
will bear a proportionate relationship to the stock of outstanding debt. Indeed
there exists a continuum of solutions for the price-level indexed on . The intuition
is essentially that of Sargent and Wallace, if ‘real’ taxes are not backing public

sector liabilities then seigniorage will be required.

2.2. The Fiscal Theory of the Price-Level

In all of the above contributions, the tension between monetary and fiscal
policy was as a result of the PVBC. This needed to be met identically for all
feasible values of the model’s variables (and in all feasible states, in a stochastic

environment). But need monetary policy so constrain fiscal policy? Indeed,
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need fiscal policy so constrain monetary policy? If we relax the assumption that
the PVBC is an identity, how does the equilibrium of our simple model change?
A recent literature due to Leeper (1991), Sims (1994, 1999), Woodford (1995,
1997, 1998a) and Cochrane (2001a), relaxes the requirement that the PVBC is
an identity, although it is retained as an equilibrium relationship (as it must in
fact be for the representative agents budget set to be well defined, in the usual
sense). A defining characteristic of this fiscal theory of the price-level (FTPL) is a
presumption that in the real world, monetary and fiscal authorities do not typically
coordinate their ‘actions’ - specifically their temporal (contingency) sequences
for the money stock (or interest rates), tax rates, and government expenditure.
In the absence of such coordination does this simply lead to, in Buiter’s (2000)
terminology, default or supersolvency? The fiscalist writers argue in the negative.
They point out that with nominal value of debt predetermined, and the future
(expected) discounted stream of net deficits in some sense exogenous, the price-
level today (and in the future, see Cochrane, 2001) can ‘jump’ to ensure that in
equilibrium, the PVBC does nevertheless hold. Specifically, let us continue to use
the simple framework outlined above, which assumes two types of government
liabilities, one period discount nominal debt, and base money that returns no
interest to its holder. As before, we may write the PVBC facing the public sector

(loosely, the consolidated government and central bank balance sheet) as follows:

By 1+ My o 1\ [r+ (14 7)o o0 Y
Pt n =0 1 + T 1 + r mt-‘r]—‘f_j; 1 + r [Tt+] gt—i—]] .

(2.34)
As we noted, since B;_1 + M;_; are predetermined nominal variables and the sum
on the right hand side is the result of ‘disjoint’ public policy decisions, there is

little hope that for any given price-level the requirement that (2.34) nonetheless
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hold in equilibrium is satisfied. Is there a contradiction here? If instead we view
(2.34) as an equation itself defining the equilibrium price-level, then the FTPL
argues there is no contradiction. Indeed, some fiscal theory writers argue that
this approach to price-level determination resolves an issue of some importance in

monetary theory—the indeterminacy of the price-level under an interest rate rule
(see Woodford, 1996).

2.3. A Specific Example

Using the model developed above, we exposit a simple example of the FTPL based
on McCallum (2001). Let us continue with our simple endowment economy,
in which the agent receives y units of nonstorable output each period. The
government confiscates a given amount each period, 7; — g > 0 where 7 is also
assumed constant through time. We assume a period utility function as in the

previous section. In this case, the Euler equation for consumption yields,

(1+4)=(1+9) . (2.35)
B
The demand for money is, in turn, given by
M 144
i 2.
= (5, (2.36)

where we have assumed a constant money stock for all . Combining these two
equations as we did in deriving (2.5), we find that the price-level evolves in the
following way,

(2.37)

P C
Py=(1+68"'R (1 L2t ) :

M~ FxC
As we noted above, this equation, familiar in this class of models (see for example
Brock, 1975 or Obstfeld and Rogoff, 1983), has a number of interesting properties.
First it is unstable difference equation with fixed points at zero and at some

positive level, P*. For P > P*, the price-level rises without bound, while for
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P < P*, the price-level falls without bound. Some of these paths are usually
ruled out as equilibria as they are taken to imply a breach of (2.19) above.!®

Our assumptions mean that debt evolves in the following manner

by
1+Tt

However, as we saw above, this policy for the deficit implies a debt level that is

=b_1+ (9g— 7). (2.38)

inconsistent with the requirement that government meets a no-Ponzi requirement,
itself driven by a similar consideration on the representative agent’s optimal
consumption programme. However, if real debt in this period were somehow

to equal

(1 — 9), (2.39)

then it follows that debt would forever remain at this level. We return to this

point shortly.

2.4. A monetarist equilibrium

That the above model supports a monetarist equilibrium is straightforward to
see. First, note that in this case P = P*. Then we have that (1 +14;) = (1 4 6),
and M/P* = xC (1+ 6) /6. Notice, we have not used (2.39) in our construction
of this equilibrium. Indeed, we have assumed that unstable debt processes are
inadmissible: (2.39) would be no part of a fiscal authority’s plan for the evolution
of debt. McCallum also argues that such an equilibrium does not contradict our
assumption that 74 — g > 0. He argues that in such a situation it means that
the fiscal authority must in effect be providing transfer payments to households

so that the apparent surplus is being offset by transfer payments to the public.

16 Although, McCallum (2001) argues that (2.19) above may not be the appropriate version
of the no-Ponzi condition. We leave that issue to one side for present purposes.
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He concludes that the fiscal authority’s primary surplus is constrained necessarily

to equal zero.

2.5. A FTPL equilibrium

The fiscal theorists would identify an alternative equilibrium of the model. First

note that we may rewrite (2.39) as,

By 1+6
P = (17 9) (2.40)

The FTPL locates the equilibrium expression for the price-level in (2.40).'” Let this
expression determine the initial price-level. Consequently, then, the evolution of
the price level is again given by equation (2.37), and the path of prices is unrelated
to the value of the money stock. Buiter (2001) refers to this example as a fiscal
theory of the initial price-level.

Critics of the FTPL have generally adopted one of three approaches. First,
some have argued that it is difficult to interpret real world data from the
perspective of the fiscal theory. For example, Canzoneri, Cumby and Diba (1999)
analyze the response, over the post-war period, of US Debt to an innovation in the
federal government’s budget balance. They find that debt responds negatively to
the primary surplus and conclude that the post-war US data are most plausibly
interpreted as consistent with a Ricardian regime. Looking at the ‘reverse’
response, Bohn (1998a) finds that US fiscal surpluses respond positively to debt.
He interprets this as evidence that US fiscal policy has been sustainable and
although he does not comment directly on the fiscal theory of the price level, his
results are again consistent with “traditional” views.

Using a long-run of UK data covering the period 1705-1996, Janssen, Nolan
and Thomas (2002) adopt a structural VAR approach modelling the long-run

1"Recall that 7, — g > 0. Note the criticism of Buiter mentioned below.
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relationships between money, debt and prices. They find, as in the shorter-run
studies using US data, that debt leads surpluses, while the reverse does not hold.
In addition they find that money leads prices but that the reverse does not hold.
They argue that the Sargent and Wallace concerns appear unfounded in practice
and that the FTPL may be hard to reconcile with the data.

Nevertheless many find these empirical exercises unpersuasive. Indeed some
argue that the FTPL is an untestable theory. They point out that all data
are equilibrium observations and since both Ricardian and non-Ricardian fiscal
policies retain the PVBC as an equilibrium relationship there is no way using time-
series data to distinguish between regimes.'® Indeed episodic evidence shows how
difficult it is test theories on long run data, particularly when such theories require
the development of expectations of infinite sums. We illustrate with a simple
example of the fiscal-monetary programme adopted by the British government

9 Figure 1 shows the relationship between fiscal

during the Napoleonic Wars.?
surpluses and price level adjustment to be complicated. During gold standard
maintenance, persistent deficits had little or no relationship with the price level

but following 1797, the fiscal deficits clearly lead the increase in the price level.

18The issue of the testability of the FTPL is taken up in Janssen, Nolan and Thomas (2002)
and in Christiano and Fitzgerald (2001).

YWe concentrate on the period 1780-1830 during which time a number of interesting
experiments on fiscal-monetary programme were run. Government expenditure on the Napolenic
Wars, 1793-1815, set the national debt to income ratio on a path which led to it rising from
1.6 in both 1780 and 1793 to as high as 2.7 in 1821, in fact this ratio has subsequently only
been equalled in 1946. Great Britain fixed the price of Sterling in terms of gold in 1717
but adopted a rolling programme of temporary suspensions of the standard during the wars
and the immediate postwar reconstruction period. This suspension of the gold standard was
associated with monetary accommodation of public and private demand during which time
annual commodity price inflation, which had averaged 0.5% from 1717-1792, averaged over 3.5%
from 1797 to inflationary peak in 1813. Subsequently, the price level fell to approximately its
prewar level by 1822. Sargent and Velde (1995) consider the myriad problems of French finance
during this complicated period in detail. Gayer, Rostow and Schwartz (1953), mainly from
British Parliamentary Papers, provide the data we used in compiling the graphs. Fetter (1965)
provides a clear picture of the policy choices made in this period.
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But we note a sharp fall in the price level in 1814 some three years before the
sequence fiscal deficits head to near zero in 1817. Figure 2 shows that there is
some evidence to suggest that money led prices in the period leading up to gold
standard suspension in 1797 but that towards the end of the Napoleonic Wars
there was a clear adjustment of the price level prior to the reduction of Bank of
England notes issued. We leave further analysis of this period to future work.

A second line of attack, forcefully pursued by Buiter (1998, 1999), is that
the FTPL involves an unwarranted weakening of the government’s present-value
budget constraint. In requiring this to hold only in equilibrium, the FTPL enables
the government to breach a fundamental requirement of a market economy: all
agents must respect their budget constraints. He argues that the FTPL gives rise to
certain anomalies which mean that the FTPL has to be “switched oft” arbitrarily
if the pice-level is to be determinate. Here we give two examples from Buiter
(1999). Consider what happens if there is no nominal debt, and all government
liabilities are real (i.e., indexed linked). In that case there can be no fiscal theory
of price determination.?’ Buiter also argues that there is no reason for us to expect
under the FTPL that both sides of (2.35) have the same sign. However, the price-
level cannot be negative, and so he argues that once again the FTPL needs to be
arbitrarily switched off.

A final line of criticism of the FTPL has been pursued by McCallum (2001). He
argues that the FTPL involves an implausible/unattractive equilibrium selection
in that bubble solutions are favoured over the minimum state variable (MSV), or
fundamentals, solution. He argues that since in the model under consideration
the money stock is constant (there is no relevant state variable), and since the
price-level is a jump variable (P, = ¢(E; P,y ), the MSV solution is of the following

form, P, = ¢, where ¢ denotes some constant value. In that case one can show

20The same is true if all debt is foreign-currency denominated.
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that P, = P*. He goes on to argue that whilst the fiscalist equilibrium is logically
coherent it depends on the introduction of an extraneous state variable, that is a

solution essentially of the form, P, = ¢(P_;).2

3. Fiscal policy and Interest Rate Bounds

Much of the literature that we have touched on has characterized monetary
policy as the evolution through time (and across states) of the money stock. In
addition, it has tended to assume that prices are flexible. These assumptions
have been useful in developing many of the key points outlined above. However,
a plausible case can be made that neither assumption is particularly realistic, so it
is an interesting exercise to investigate what may happen if we adopt alternative
assumptions. In the next section we characterize monetary policy as a sequence
of interest rates and we assume that prices are to some extent inflexible. It turns
out that adopting this perspective does offer new insights. In section 7-10, we
shall characterize monetary policy in just these terms. We identify the sorts of
bounds required on interest rates to ensure fiscal solvency. We shall find this
information of some use in sections 7 and beyond when we formulate fiscal rules
for the purpose of simulation.

There has been considerable recent interest in characterizing monetary policy
in terms of the choice of the (optimal) interest rate sequence. As Taylor (1999)
demonstrates, it seems that monetary policy can be usefully characterized as a
feedback rule for the short term nominal interest rate.?? In addition, Woodford

(1997) demonstrates that modelling the monetary authority as controlling the

21This debate is on going. While Woodford (2001) rejects this line of criticism, McCallum
(2002) has recently enlarged on his concerns to argue that the fiscalist equilibrium is not
learnable, in the sense of Evans and Honkapohja (2001).

22 As well as outlining this principle, Taylor (1999) also outlines the general scope of the finding
through time and across several countries.
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short-term nominal interest rate is consistent with a determinate (at least, locally)
unique rational expectations equilibrium.

In the next section, we analyze the relation between interest rates and
fiscal variables, within the confines of the public sector’s present-value budget
constraint. We analyze a number of simple scenarios for the evolution of fiscal
policy and derive the corresponding implications for the interest rate. The PVBC
makes clear that monetary and fiscal policy are closely linked, and perhaps more
so than one might conclude from viewing monetary policy as simply control over
the money supply. Whether this implies any practical constraint for monetary
policy is, however, an open issue — the restrictions we derive on the interest rate

imply bounds on the interest rate sequence possibly far out in the future.

4. Budget Constraints and Interest Rates

We continue to work within a deterministic framework. Financial wealth takes
one of two forms: money, which earns no interest, and one-period nominal bonds
which do earn interest.?? We may think of a fiscal authority setting fiscal variables
(taxes and debt, given expenditure), and monetary authority determining the
path for the interest rate. The seigniorage sequence determined as a result of the
interest rate sequence is assumed to be determined endogenously (via a money
demand equation which we do not explicitly model). As before, the one-period
public sector flow budget constraint is given by:
B,
(1+14y)

=B, 1+ PGy —Ti) — (My — M,;_y). (4.1)

B;_; is the nominal quantity of debt issued last period, and maturing this period,

7; 1s the nominal interest rate between period ¢t and ¢t + 1, F; is the aggregate

23The following analysis does not incorporate the behavior of the private sector, as the main
points can be made without doing so.
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price level, (G — Tt) is the real primary deficit in period ¢, and (M; — M;_4) is
seigniorage raised in period ¢. A central assumption is that the monetary-fiscal

sequences avoid Ponzi schemes,?* such that,

T

Jim By (H(l + z‘t+j)> = 0. (4.2)

j=0
What we found in section 2 was that a condition similar to (4.2) is sufficient to
ensure that the PVBC is satisfied. This condition ensures that for a given the level
of outstanding liabilities at the start of any time period the ensuing intertemporal
sequence of net surpluses plus seigniorage is sufficient to meet those liabilities.

We shall analyze fiscal rules (or regimes) of the following form:

(My — My;_q) B4
T, = NGy —
t tGy 2 + v 2

(4.3)

where T; denotes tax revenue generated in period . Fiscal policy is characterized
by the sequence {(Arrs, Veis) }ieo- In other words, we may think of fiscal policy as
determining the amount of debt retired, and the size of the primary deficit (i.e.,
v and (1 — Ays5)Grys). We assume that v € (0,1), is fixed for all time. This is a
useful assumption that makes it more easy to characterize the kind of restrictions
on the interest rate and v that we are seeking. Finally, again for simplicity, we
assume that seigniorage revenue is rebated lump sum to the private sector. The
particular fiscal rules that we analyze will then be indexed simply by restrictions
on the sequence { A\ s} .

Equation (4.2) is a very general statement of the kind of restrictions we require

on monetary and fiscal policy. However, we can re-write it in a manner more

24 As we noted before, the no-Ponzi game restriction is consistent with optimal private sector
behaviour. O’Connell and Zeldes (1988) demonstrate that no rational individual will hold the
liabilities of a government that attempts to run a Ponzi game. That is because the welfare of
any individual holding such government debt for any period will be strictly lower than under an
alternate feasible consumption programme.
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applicable to the class of fiscal rules under consideration. First, since v > 0, the
fiscal authority, looking forward from any time ¢, will always do enough to repay

the outstanding debt in existence at the start of time ¢, that is

lim (1 —)"™B; ; = 0.

T—o0
Consequently, for monetary and fiscal policy to be consistent with fiscal solvency

there must be a sufficient amount of (discounted) net surpluses looking forward

Z1
T
from date ¢t. Therefore Tlim Biir < [T(1+ itﬂ-)) = 0 if and only if

Jj=0

. {l:[(l + mj)} (1 =91 = Mys) PesGrys | — 0. (44)

s=0 | Lj=0
4.1. A Balanced Budget Regime

The first regime we analyze is one in which the government is not permitted (or
does not desire) to deviate from a zero balance on the primary deficit. Some debt
was issued in the past, and the government is committed to repaying that at a
constant rate, v. Fiscal policy is simply the sequence {(\, )}, with A = 1 and
0 <~v <1, Vs. Monetary policy is the sequence of one period decisions denoted
by {itss} _o- In period ¢ the tax yield is given by (4.5):

(My —M;—1) | B

T, =G — . 4.5
t t f2) +7 2 (4.5)
Using (4.5) in (4.1) reveals that
B,
=(1—7v)B; ;. 4.6

Iterating on this expression demonstrates that such a fiscal rule satisfies the no
Ponzi game condition independently of monetary policy, that is the sequence of

interest rates, since
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T

-1
dim Byr (Hu +z't+j>> = lim (1 = 9)""'B_, = 0. (4.7)

=0
To confirm this result, set A = 1 Vs in equation (4.4). In this case, there is
no linkage between fiscal variables and the interest rate. Outstanding debt will
become vanishingly small in finite time, and there is no constraint on monetary

policy.
4.2. Permanent Deficits

We now go to the opposite extreme and enquire as to the feasibility of permanent
deficits. The existence of a permanent deficit may be taken to imply that
A € (0,1),Vt. We continue to assume that there is a lower bound on taxes

determined by the the debt repayment parameter . The fiscal rule is now:

(Mt — Mt—l) B4
T, = MGy — . 4.
t Gy iz) + 7y f2) ( 8)

Substituting (4.8) into (4.1) yields

B,
(14 1¢)

The public sector is now running a deficit in every period. This policy is sustainable

=1 —=7)Bi1+ (1= NRG,. (4.9)

just if the following expression goes to zero in the limit:

T -1
Byt (H (14 4y ) =(1—-""B 1+
7=0

Z {Sl_[ 1+it+j)} (1- V)T_SPHSGHS . (4.10)

s=0 j=0
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The analysis in Section 4.1 demonstrates that we require the second term on the
right-hand side of this expression to converge to zero. As (4.10) is a special case of
(4.4) it will be convenient to make some simplifying assumptions. A useful special

case is where the sequence of nominal government expenditures is fixed:
(1 =N PiysGiis = (1= NPG Vs. (4.11)

Now substitute (4.11) into (4.10) to see that the second expression on the right
hand side of (4.10) may be written as

(1-NPCY {Huﬂ'tm} (1-)"|. (412

s=0 j=0

This expression brings out clearly the potential tension between monetary and
fiscal policy. Given the rate of retirement of outstanding debt (), it is left
to monetary policy to ensure convergence of this expression to zero. On the
other hand, if the monetary authority had a stronger commitment technology we
would regard (4.12) as determining a bound on ~. An interesting example of the
implications for monetary policy is where interest rates are set at the level given
in equation (4.13)

ias ={(1—7)7 -1} Vs > 0. (4.13)

If monetary policy follows this path then expression (4.12) can be written as

T

(L=7)"> [(1=7)"(1 = \PC], (4.14)

s=t
where the expression in square braces converges to
1—A——

~—Z2PG. 4.15
S (4.15)
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Consequently, as T" — oo expression (4.14) tends to zero. Although it is clear that
(4.13) is not unique,* in the spirit of McCallum (1984) we find that (4.13) is a
sufficient condition for permanent deficits to be a feasible fiscal policy. But, and
more importantly, we find that permanent fiscal deficits effectively place an upper
bound on the sequence of feasible interest rates and so do not imply complete
‘separability’ in the feasible set of monetary and fiscal choices. The result here is
intuitive insofar as the bound increasingly constrains the interest rate sequence as

the fiscal authority’s chosen rate of debt retirement becomes smaller.

5. Tax Smoothing and Inflexible Prices

We have shown that the separability of monetary from fiscal policy is not complete
under a regime of permanent fiscal deficits. In this section we illustrate the
generality of this conclusion.

The assumption of completely fixed prices is not crucial to our arguments.
What is critical, as we now make explicit, is that, for a given value of v, the
monetary authority needs sufficient control over the real short-term interest
rate. We continue to assume that government expenditure is constant. Rewriting

solvency condition (4.4) in real terms yields

(1—/\)6ZT:

As in the previous example, the expression in square braces must tend to zero in

{H Seeem } (1- w“] . (-1

§=0

the limit if the requirements of fiscal solvency are to be met. Expression (5.1) can

%5 There are a number of ways to see this non-uniqueness. Perhaps the most obvious is to
note that if iyps = {(1—~)72 =1} Vs >0 is a feasible equilibrium sequence then so too must
be s = {[2(1 —7)]72 — 1} Vs > 0.
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usefully be re-written as

(1—=XN)(1—7) Z

s=0

s—1 s
11+ L) ( : > (5.2)
=0 (1 +d144) 1=~ . .

A sufficient condition for this expression to reach zero in the limit is simply that the
term in square braces is convergent, as opposed to having a zero limiting value.2°
It can then be shown that this will be the case when the following requirement is

(eventually) met infinitely often:?”
by — Mo <7y V s>T. (5.3)

This expression has a very obvious interpretation in that it requires that the fiscal
authority must eventually repay a sufficient portion of the debt each period.?® An
alternative interpretation, is that the debt retirement schedule places an upper

bound on the feasible real interest rate sequence.

5.1. Tax Smoothing

Permanent zero balances or permanent deficits are clearly extreme cases and
obvious, more realistic, intermediate cases present themselves. For example,
consider a deficit in period zero that is declining steadily through time. Such
a policy may be viewed as a simple form of tax-smoothing. That is consider a
deficit Dy = pD; 1, where p > 1 and where D; = (1 — A\) P,G;. Then one can show

that a condition analogous to (5.3) occurs:

(1—p)+is—msp1 <7 vV s>T. (5.4)

26See Rudin (1976), Theorem 3.3(c), page 49.
2TWe are essentially drawing on d’Alembert’s ratio test. This says that for a convergent series:
lim sup |ant1/an| < 1. In the text, however, we are unwinding the unstable roots forward to

n—oo
ensure convergence.
28 Actually this expression is an approximation, since we ignore the cross term:

[(Pe41/pe) — 1] X v
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Expression (5.4) tells us that under a regime in which the deficit is temporary
but persistent the constraint on monetary policy is clearly eased, as compared to

one where it is permanent, but that it is not entirely absent either.

6. Some Conclusions Concerning Budgetary Arithmetic

The results in this section compliment those of Sargent and Wallace (1981) and
especially McCallum (1984). The latter showed that incorporating the interest
burden into the arithmetic of fiscal solvency is important for the independence
of monetary policy. However, if instead we view monetary policy as control of
the short term real interest rate, the constraint imposed on monetary policy by a
permanent deficit takes the form of an upper bound on the interest rate sequence.
And even under less extreme fiscal policies, such as a temporary but persistent
deficit, monetary conduct may be hampered. This latter result may also shed some
light on why some monetary policy makers, such as at the European Central Bank,
may support strict controls on the fiscal policies of member states. That said, it is
also the case that these constraints on monetary policy may not be quantitatively
that large. To the extent that the solvency requirements analyzed above require
interest rates to be sufficiently accommodative eventually, the pressures may be
more apparent than real. Nevertheless, our analysis must be regarded as somewhat
preliminary as we have not nested our budgetary arithmetic in a complete dynamic
general equilibrium model. In the next section, we shall do just that, and some

of the implications of the foregoing section will be useful.
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7. A Model for Business Cycle Analysis Under Ricardian
Fiscal-Monetary Regimes

So far our main concern has been with the constraints which monetary and fiscal
policy can impose upon one another by virtue of the PVBC. That reflects the
dominant concern in the literature which followed Sargent and Wallace (1981).
And indeed those concerns have been influential in policy design. The Pact for
Stability and Growth which governs those countries which are part of the Euro-
zone is in large part, it seems, motivated by concerns that fiscal policy could
otherwise distort monetary policy decisions. However, these constraints could
also impose costs on these economies. Having lost the ability to set monetary
policy with regard to domestic considerations, it may appear desirable to retain
some flexibility in setting fiscal policy. Indeed, the desirability of a flexible fiscal
response goes beyond the countries of the Euro-area.

In this and the following sections we present a prototype model in which both
monetary and fiscal policy are feasible instruments with which to stabilize the
economy. As regards fiscal policy, the model in some sense lies between the
traditional Ricardian-type fiscal analyses (as in Sargent and Wallace, 1981), and
the new fiscal theory of the price-level. It shares with the literature growing
out of the Sargent and Wallace tradition an insistence that the government
budget constraint be met for all feasible price and interest rate sequences. In
our set up that will mean that the price-level or inflation rate will be determined
without reference to the issue of fiscal solvency. Nevertheless, it shares with
the fiscal theory a recognition that there may well be wealth effects associated
with government deficits, although the catalyst for these wealth effects will be
somewhat different to the fiscal theory.

The model is constructed around a finite horizon model, following Yaari (1965)

and Blanchard (1985). We extend this framework in a number of important
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directions. First following Cardia (1991) and Chadha and Janssen and Nolan
(2001) and Chadha and Nolan (2002b) we translate the model into discrete time.
We incorporate an imperfectly competitive production technology, to motivate
the existence of sticky prices. A similar model in continuous time is developed by
Leith and Wren-Lewis (2000) to analyze the joint requirements on monetary and
fiscal policy that might be required for control of inflation to be possible. Like the
latter authors, we model price stickiness in the manner of Calvo (1983), in what
has become something of a benchmark for sticky-price models, (see Woodford,

1997). The utility function for the representative agent, j, is given by

Vo= EOZ{<1+5>t<1iA)tU<Ct]’A}§ g)} (71)

Here 6 is the subjective discount rate and A is the probability of death. We assume

that both these parameters are constant. As we demonstrate in an appendix, this
set up is consistent with the expected remaining lifetime of the agent being equal to
A1, Because of this the model is sometimes dubbed the ‘perpetual youth’ model.
We make the usual assumptions on the shape of the utility function. Expected

utility is maximized subject to a sequence of per period budget constraints,

. . B’ .
P,C! + M} + (1+tz‘) <(A+NM, +(Q+NB_, +PY -1TY, (7.2)
t
where, P,C{ = ffpt (k, 2)c (k, 2)dzdk, and PY{ = ffpt J,2)yi(j, 2)dz, and

where (7.2) holds for all t > 0, and in each state of nature. Here ¢! (k, z) denotes
the representative agent’s consumption of good (k,z) where z indexes agents in
the economy. Similarly, y;(j, z) indicates the amount of output produced by the
agent. This formulation follows Woodford (1997) and assumes that each agent is

a monopoly supplier of all goods that it supplies, while each agent also consumes
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a basket of all goods. In this way, we partial out any wealth effects that might
otherwise have occurred due to price rigidity.2? B/ denotes the bond portfolio, M/
denotes money balances, P; is the aggregate price-level, Y; denotes non-financial

income and th denotes lump sum taxes. The evolution of wealth is given by

Wi = (L + XMy + (L+N)B]y, (7.3)

where we assume, following, Blanchard (1985) that perfect capital markets return
all financial wealth to the population as windfall dividends in the event of death.

Combining (7.2) and (7.3), we get that

. 1 1 . . ' .
Wiz( )( )Etwmwcz—aw ST )
t

1 + ¢ ]. + )\
T-1
which implies if limy_oe (125)" Eo [T (1 + ir5) " Wiy — 0, that
j=0

oo s—1 s—t .
1 . . . i ,
~—E P(CI = Y)) 4+ T) + —— M
ST () () e v
(7.5)
We note that both (7.4) and (7.5) reflect now the probability faced by the agent of

not being alive in any subsequent period. The simple way we have incorporated

this effect means that the probability of death serves merely to act to increase

2By not modelling factor markets and the corporate sector explicitly, we can develop the
key aggregate equations with a minimum of fuss. However, in adopting this approach we gloss
over some important aggregation issues present in the overlapping generations framework. For
example different cohorts are at different stages of their life-cycle and hence consumption and
saving are not constant across cohorts. Consequently different cohorts have different stocks of
wealth, and hence different marginal utility of consumption. And because of this, optimal
labour supply will also differ. If we now consider the effects of shocks that affect currently alive
cohorts but perhaps not those yet to be born, the situation seems very complex.

However, in practice the key problem centres around the labour supply function—most other
elements are straightforward. And with respect to the labour supply function if we assume that
our utility function is a log specification that complication also disappears. For a more detailed
discussion, see Chadha and Nolan (2002e) and an appendix to that paper, available on request.
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the effective rate of discount. Consumption is defined over the Dixit-Stiglitz

aggregator function,

/1 /1 Tdadk| (7.6)

with the aggregate price-level defined accordingly as:

-1
1-6

/1 /1 pi(j, 2) " 0dzdj : (7.7)

If we let {u,}52, denote the sequence of positive undetermined multipliers, we

may form the Lagrangian function:

g= EoZ{(ms)t(liA)tU(Cg’Aé LJ>}+
EOZ{(1+5)t

7.1. The demand side
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The first-order conditions of the representative agent from any cohort are familiar,
except that we now see the effect of the probability of death. At each date and
in each state we have that an interior optimum will be characterized by, amongst

other conditions, equations (7.9), (7.10) and (7.11):

1 \! S
(1) vct s yrath) = i, (7.9)

1 \! S . 1 . .
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These three expressions can be combined and yield immediately the following two

expressions.

1 EU(CL)
1406 Py

(144 = 2 (7.12)

UNC{, M} /P, L)) 1+ '

Despite the probability of death we see no tilting of consumption towards the

present, and no reduction in the demand for money, as one might have supposed.
In fact, given our assumptions on the operation of the capital/equity markets and
the money market this makes perfect sense. Any windfall gain from agents dying
and leaving unconsumed real resources (either in the form of ‘unspent’ bonds or
money) are simply passed on to those agents left alive. However, those agents, in
turn, face an excess interest premium (in order to ensure a zero profit equilibrium).
These two effects cancel.

Finally, optimality requires that the flow budget constraint holds with equality
in each period and in each state, and the following no-Ponzi finance condition be
satisfied:

1 \7 T-1 -1
Jlim. <m> Ey {]Ho(l + zt+j)} Wiir — 0. (7.14)
Again this is a familiar expression, save for the inclusion of the probability of

death factor.

7.2. The supply side

Agent’s are assumed to meet demand at the posted price, whether or not prices

have been changed in the current period. We follow Calvo (1983), then, and
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many subsequent analysts and assume that when a price is set in period ¢ it will
remain at that nominal level with probability, a (0 < «a < 1). More generally, an
agent that re-prices some part of his or her output this period faces the probability
o of having to charge the same price in k—periods time. We consider the re-
pricing by agent j of one good, z. We demonstrate that the optimal price is
a function of aggregate economy wide variables only. As a consequence we can
easily aggregate across all goods in our economy, given (7.7). It will be convenient

now to introduce a specific functional form for our utility functional and we shall
1

assume the following U (Ct], Igt ,LJ) =log C' +1log(M/P) — [ @([y:(j, z)]dz. This
0

will also be the functional form assumed in our simulation results reported in

section 10. f wy:(J, z)]dz denotes the marginal disutility of supplying labour

across all z goods For any individual good, then, it follows that the optimal level

} . (7.15)

of p(z), say, p; will be that which maximizes the following function
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Here fi,,, is a measure of aggregate marginal utility, and § = g1+ N\
Expression (7.16) indicates that the optimal price is a function of expected future
demand and cost conditions. It follows that the evolution of the aggregate price-

level is given by
Py =[(1—a)py"™" + aB]V00.50 (7.17)

7.3. Aggregation

Our aggregator function is a discrete time analogue of Blanchard (1985). See
Chadha, Janssen and Nolan (2001) and Chadha and Nolan (2002) for a detailed
description of our discretization of the Blanchard (1985) model.

First we note that the size of the cohort born each period is given by

<1iA)(1iAY‘

Naturally death means that the size of the cohort decreases monotonically with

time, and the sum of all currently alive cohorts is equal to unity, that is!
A t 1 (t—4)
— — =1 7.18
i 2 () 19
This makes aggregating the model, for the most part, straightforward. In Chadha
and Nolan (2002e) we provide more detail on these calculations. In particular, for
any variable zf it follows that,

. )\ t 1 t—s
xf—TIx}:<fIS> Ta

—00

30A strict interpretation of our set-up implies then that a proportion of each cohort will
never get to price some of its output. This is an artifact of combining a yeoman-farmer with
a probability of death set-up. If we modelled the corporate sector separately, as in Chadha
and Nolan (2002e), this anomaly disappears. Consequently, we ignore it in what follows.
Alternatively, one may think of the newly born agents inheriting the price tags of the currently
expiring agents.

31We outline in more detail in an appendix the construction of our discrete approximation to
the continuous exponential density.
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The derivation of aggregate consumption dynamics is slightly more involved
and we go through that derivation in detail in an appendix. =~ We show that

aggregate consumption dynamics are given by the following expression,

EtP:t+10t+1 - (]. + lt)ﬂPtCt - >\¢EtWt+1- (719)

In the infinite horizon case (where A = 0) this expression is simply E;P;1Ciyq =
(1 + 4;)BP.Cy, the familiar consumption Euler equation. This equation
describes how aggregate consumption evolves through time-and importantly we
see that temporal variations in financial wealth plays no part in determining
contemporaneous consumption. In other words, in the absence of distortionary
taxation, liquidity constraints (or other financial frictions), deviations from
rational expectations and in the presence, as we make clear below, of a Ricardian
fiscal policy (and other ingredients which cook up Ricardian Equivalence, see
Barro, 1974), we see that it makes no odds to the economy whether taxes are
raised now or in the future. Agents will consume out of their present value of net
wealth, and since lower taxes now resulting in higher taxes in the future does not
alter the present value of net wealth, their will be no leverage for fiscal policy to
operate in this model via the level of outstanding government debt. However, in
the case of finite horizons, A # 0 variations in the temporal allocation of taxes are
not ‘neutral’. Net wealth is affected by the time profile of taxes. In our simple
set-up, that is essentially because the probability of a currently alive cohort facing

a given tax bill has fallen and hence the consumption set has expanded.

8. Monetary and Fiscal Policy

We shall in general consider policymakers as setting the per period interest rate

and taxes in order to stabilize both output and inflation. That is we are envisaging
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policy rules of the following sort:

i = ¢(0)[Ye, me, Bymegn, ie—1], (8.1)

and

T; = ¢(T) [Gt, ’YBtfl]a (8-2)

where 7; is the short nominal interest rate set in period ¢, Y; is real aggregate
output, 7 is the inflation rate in period ¢, and T} is the per period lump sum
taxes. While the monetary rule is fairly standard the rule for tax needs some
explanation. We shall assume that the process for government expenditure is
essentially exogenous. We shall further assume that the fiscal authority sets
taxes in response to the level of contemporaneous government expenditure and
crucially, the level of outstanding debt at the start of the period. The parameter
~ indicates the proportion of debt that is retired each period. We shall assume

that seigniorage is remitted lump-sum to the private sector.

9. The Government Budget

As we saw above in Sections 4 to 6 7 is a key parameter in ensuring fiscal policy
is Ricardian. Here we give another example in this vein for the case of a fiscal
rule that we actually use in our simulations below. Recall that the period public
sector budget constraint, reproduced here for convenience, may be written as,

B,
(14 1¢)

=B, 1+ P(Gy —Ti) — (My — M;_yq). (9.1)

The rule for taxes mentioned above is given by

(My— M,_1) By
. 9.2
2 + v P (9-2)

Ty = x;Gt —
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Together these two equations imply that real debt will evolve in the following

manner,

by
1 + 7
So we call (1 — x,)G; the per period deficit, which we denote, D;. Following

= (L= )b + (1= )G (9:3)

the same steps as in section 4, we see that (9.3) at t = T implies

T s—1
b 1
Bt — 1)+ B Y [T (15— ) 0= *Des 90

H]T:o(l + ret;) 5=0 j=0 147

To ensure fiscal solvency is obtained via the fiscal authority’s choice over the
sequence {T'},°,, we shall assume that the coefficient v is sufficiently large. In
particular that will ensure that policy is Ricardian and that the PVBC is satisfied

for any feasible path for the relevant variables.

9.1. Why does fiscal policy matter in this model?

In our discussion of consumption dynamics we indicated one way in which fiscal
policy has leverage over the economy. In this section we demonstrate this point
explicitly.  Recall that fiscal policy matters for the level of aggregate demand
in this model because it affects the discounted present value of human wealth.
Define human wealth, H;, as equal to the difference between present-value income
(let Y; denote income in period t) and present-value lump-sum taxes (where T;

denotes such taxes in period ¢). That is,

Ht:§{<1ir)j <1iA)jK“}_g{<1ir)j <141r,\>jT”j}‘ (9:5)

For simplicity we assume here that the real interest rate is constant, although it

will be apparent that nothing crucial hinges on this assumption. Now consider a

change in the temporal profile of taxes such that the present discounted value of
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government surpluses remain unchanged. That is, consider a variation in taxes

at time ¢ offset by a one-time change at t + 7,

Tt(1+A)+<11 >j(1+A)Tt+j=0.

,
That is,
ATy j=—(1+7r)y AT, (9.6)

B, = f; { (1ir)t+jﬂ+j} - f; { (ﬁy Gw} RNCRS

In the simple representative agent model such an amendment to fiscal policy

such that

would leave all real variables unaltered since it would leave the present value of
human wealth unchanged, AH = 0. Here, however, it is straightforward to show
that this will not be the case. First note that the change in human wealth will

be given by

AthTt(lJrA)Jr{(lir)j<1J1r)\>j}(1+A)Tt+j. (9.8)

It follows that for A # 0

AH, = AT, {1 - (1%)]} 20, (9.9)

Clearly, if the representative agent here faces a zero (anticipated) probability

of death, then the change in present-value of human wealth is identically zero,
AH; = 0, and the time profile of consumption remains the same despite the
temporal reallocation of taxes. So a government that cuts taxes today but leaves
fiscal solvency intact can nevertheless influence the level of private sector demand.
And the longer the fiscal authority waits to tighten fiscal policy to offset today’s

relaxation, the larger will be the impact on aggregate demand.
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However there are additional effects from fiscal policy. To see this note that

in our model aggregate demand is simply given by
Y =Ci+ Gy (9.10)

The aggregate consumption function at time ¢ is given by

e S () () o)

s=t j=t

1+X-p
1+ A

Cy = ———7F

(9.11)
where we are ignoring the effect of money balances. We see that that the path
of taxes impacts negatively on consumption as it reduces net wealth. Following
Blanchard (1985) we construct an index of fiscal stance, I F'S;, which characterizes

the net effect of fiscal variables on aggregate demand:

1+2-p > 1\
TS = Gi= =7 2H{<1+nﬂ> (1+>\) GS} (9.12)
1+/\ 1+2-0

e S () () o)

s=t j=t

14+

The first line is the effect of government expenditure on aggregate demand when
it is financed out of contemporaneous taxation, whilst the second line is the effect
of financing via debt issue. To see this more clearly, recall that the government’s

present-value budget is

by 1_—Et§:ﬁ{<1+rt+j>(GS—TS)}, (9.13)

s=t j=t

where we have again partialled out the seigniorage term. Hence the index may
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now be written as,

B 1+A-4 0 s 1\
[FS = Gi= e [Et;]l_[t{<1+7"t+y) <1+)\> GS}
1+/\ ﬁ oo s—1 1 s—t

A S () [ - ()] @)

Here, if A = 0 we see that the second line is identically zero, and there is no net

(9.14)

wealth effect from bonds. If, however, b;_; > 0, then outstanding bonds will tend
to boost aggregate demand. The correspondence between the second line in this

expression and equation (9.9) is clear.

9.2. Why does monetary policy matter in this model?

Monetary policy matters in this framework because of the monetary policy
authority’s ability to alter the short-term real interest rate. In other words a
change in the level of the nominal interest rate in the presence of sticky prices
means that the real interest rate must have changed, and hence that the marginal

utility of consumption this period compared with next period must have altered.>?

10. Optimal Simple Rules for Fiscal and Monetary Policy

There has been much recent interest in the performance of quantitative models,
such as the one developed here, under the assumption that monetary policy follows
a simple rule for the interest rate. This interest can be traced largely to the
insightful analysis of US monetary policy by John Taylor (1993a). Taylor found
that to a large extent US monetary policy appeared to be characterized by a

systematic response of the Fed Funds rate to inflation and output deviations

32There are other effects of variations in the real rate of interest, such as via the government
budget constraint, but these appear to be of second-order importance.
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from target or trend levels. Taylor (1999), Christiano and Gust (1999) and
Chadha and Nolan (2002a) are recent evaluations of the Taylor rule in a variety of
quantitative theoretical environments. We cannot review in detail the results from
that literature but basically interest rate rules which entail a more than one-for-
one change in the nominal interest rate in response to a rise in inflation (referred
to as the ‘Taylor Principle’) whilst responding very little to output appear to have
desirable operating characteristics.*® In our set up policymakers need to decide
on monetary policy and fiscal policy. Rather than simply impose a monetary rule
that conforms to the Taylor principle we therefore optimize over the parameter
space that spans both the monetary and fiscal policy rules, for a given functional
form for both rules. In this way we shall see in what ways the addition of fiscal
policy affects the optimal simple monetary rule-which in principle need not now

31 To be more specific, we shall assume that

conform to the Taylor principle.
monetary and fiscal policy are set jointly optimal, under the assumption of perfect
credibility and assuming that the policymaker has a quadratic criterion function
in annualized output, inflation and interest rates. In effect, then, there is here a
single policymaker which determines monetary and fiscal policy jointly, subject to

a requirement that fiscal policy must at all times ensure that policy is Ricardian,

33In fact, Christiano and Gust (1999) argue that the feedback coefficient should be zero on
output. As we show below, our results offer qualified support for this as far as monetary
policy goes but argues strongly to the negative as far as fiscal policy is concerned. See also the
discussion in Woodford (2000).

34We extend the King and Watson (1997) code to perform what is, in effect, a grid search
over the policy parameters such that the policymakers loss function is minimised. Alternative
code has been written by Richard Dennis (2001) to solve for optimal simple rules under rational
expectations This latter algorithm, however, requires something close to what we call the B
matrix in (10.1) to be non-singular. For larger models that is often inconvenient since then
some manual system reduction is required. Our code requires neither A nor B to be singular.
The King and Watson (1997) reduction algorithm deals with singular A matrices whilst our
method of calculating the model’s asymptotic variance-coviariance matrix does not require the
inversion of B at any step along the way. Dennis’ (2001) code however can also be used to solve
for the case when precommitment is not feasible.
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in the sense of section 2.3

Table 1 presents some business cycle moments on monetary and fiscal policy
over the postwar business cycle in the UK and US. The band-pass filtered series
for output, the policy rate and the fiscal surplus as a percentage of GDP are
presented in Figure 3. The policy instruments’ business cycle association data is
thus reasonably clear: (policy) interest rates and the fiscal surplus are procyclical,

although policy rates have negative leads for output.’

The systematic and
positive association of the instruments of stabilization policy, nominal rates and
the fiscal surplus, with the business cycle motivate our use of simple rules for

understanding monetary and fiscal policy.

10.1. Solving the Model and Optimal Simple Rules

In this section we describe how we solve and simulate the model and how we
solve for the optimal simple rules. We use our model developed in the previous
section to solve for equilibrium processes for the evolution of aggregate wealth,
consumption, money holdings, inflation, the short term nominal interest rate,
the level of taxation, the level of government interest-bearing debt and aggregate
output. To do this we used the following equations (converted into aggregate
form as required): (7.3), (7.12), (7.13), (7.16) and (7.17), (8.1) and (8.2) and
(9.1), together with an equation describing the aggregate economy-wide resource

constraint. The feedback coeflicients in the policy rules, equations (8.1) and (8.2),

35There have been a few recent studies which have solved for optimal (simple) rules. These
are Williams (1999), Erceg, Henderson and Levin (2000). These studies both focussed on
Taylor-type rules. Batini, Harrison and Millard (2001) subject an open economy DSGE model
to a battery of optimised rules, including Taylor rules, nominal income targteing rules, exchange
rate rules and inflation targeting rules. None of the above papers have focussed on fiscal policy
issues.

36The main difference between the two economies is that the volatility of the price level,

inflation and, in particular, the fiscal surplus seems substantially higher in the UK compared to
the US.
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are left unspecified and we solve for these adopting a quadratic criterion for the
policymaker. In practice that means we need to calculate, for a given stochastic
structure for the economy’s driving processes, the asymptotic variance-covariance
matrix for the economy’s endogenous variables. We first linearize the model
around its non-stochastic steady state. Then we make an initial guess about the
optimal policy parameters (given the other parametric assumptions we have made)
and verify that the model admits a unique stable rational expectations equilibrium
under this parameter constellation.?” In the event that such an equilibrium exists
we are able to calculate the loss function of the policymaker. We then redo
this calculation for an alternative selection of policy rule parameter values, and
compare losses, and continue in this way until a minimum for the loss function
is located. The linearized model can be represented in the following way with all

variables in percentage deviation from the steady state:
AEtyt+1 = Byt + Cl’t Vit 2 0, (101)

where y; is a vector of endogenous variables comprising both predetermined and
non-predetermined variables including policy rules for the nominal interest rate
and taxes, z; is a vector of exogenous variables, and A, B and C are matrices
of fixed, time-invariant, coeflicients. E; is the expectations operator conditional
on information available at time ¢. King and Watson (1997) demonstrate that
if a solution to (10.1) exists and is unique then we may write that solution in

state-space form as follows,

y = lls
St = MSt_1+G€t, (102)

3TWe verify that our model, under the policy rules in place, meets the Blanchard-Kahn criteria
by applying the state reduction algorithm described in King and Watson (1997).  This is
convenient since we encountered, as is generally the case in DSGE models of the sort developed
in this paper, singularities in what we label the A matrix. See the discussion below for more
details.
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where the s; matrix includes the state variables of the model (predetermined
variables along with exogenous state variables), and e; is a vector of shocks to
the state variables. The y; matrix has also been augmented to include the model’s
exogenous state variables. Let npd denote the number of predetermined variables,
nx the number of exogenous state variables and let nnpd denote the number of
non-predetermined variables. The dimensions of our system are as follows: y; is
[(nnpd+npd+nzx) x 1], s; is [(npd+nz) x 1], ITis [(nnpd +npd+nx) X (npd+nzx)],
M is [(npd + nz) X (npd + nz)], and G is [(npd + nz) x (npd + nx)]. We can
use equations (10.2) to calculate the asymptotic variance-covariance matrix for
the model’s endogenous variables. (We outline this calculation in a somewhat
informal manner. The interested reader should consult Hansen and Sargent,
1998). To proceed, iterate on the second set of equations. Since there are a

sufficient number of stable roots, we have that
Sp = GZM%H. (10.3)
=0
Using this in the first set of equations in (10.2) we get that
y=> ®Me_, (10.4)
=0

where ® = IIG is [(nnpd + npd 4+ nx) X (npd + nx)]. Since the stochastic shocks
to the economy are assumed to be covariance stationary, it then follows that we
may write, .
==Y MM, (10.5)
=0
where a prime denotes a transpose and 2 = ese,.?® Let ¥, denote the asymptotic

variance of the annualized value of x. Then, using the relevant entries from the

%To derive (10.5) we have used the result that for any two conformable matrices A and B,
(AB)" = B'A’. Note also that since our shocks are stationary, we have that e;ej ; =0 Vj > 0.
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> matrix for given policy rules we can evaluate the policymaker’s loss function

which we assume is given by
L= Oélzﬂ + Oégzy + 05322‘. (106)

In what follows we generate sequences of systems (10.1) under alternative guesses
on the optimal parameters in our policy rules which we then evaluate using (10.6).
Our aim, of course, is to find parameter values which minimize (10.6), given the

functional form of the rules under consideration.

10.2. Results of simulations

There are a number of interesting thought experiments that one could conduct in
this set-up. We limit ourselves here to a small number of experiments (more
are contained in Chadha and Nolan, 2002e). First we looked to see how a
simple Taylor-type rule for monetary policy might be affected in the presence
of a stabilizing fiscal policy. Second, how do our results change if we extend the
monetary rule to incorporate feedback from expected inflation? Finally, how does
one arm of policy react when the other is constrained to act in a suboptimal
manner?

Recall from the literature on Taylor rules (see for example, Woodford ,1999)
that it is often argued that a weight of greater than unity on inflation and a weight
close to zero on contemporaneous output has desirable stabilizing properties (see
also Christiano and Gust, 1999). In fact, in most studies these parameters are
simply imposed and the behavior of the model analyzed under these imposed
rules. Our results are given in Table 2A.

The numbers in this table correspond to the values of the optimized coefficients

associated with the arguments (indicated to the left) in the reaction functions. So,
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for example, the interest rate rule reported in Table 2A is given by
Ry =1.15 x (m — ) 4+ 0.0631 x (y; — y}) + 0.2511 x R, ;.

In all of the simulation results reported we have constrained fiscal policy not to
react to inflation. We see, then, that the Taylor principle is respected in our
optimized rule, with a feedback on inflation of just over 1.5. Taylor (1993) himself
argued that a value of 1.5 fits the US data. There is also, at the optimum, a weak
contemporaneous feedback from output (0.06). Interest rates are autocorrelated,
although to a degree that appears somewhat less than one might expect. Turning
to the deficit rule, we see that the deficit reacts robustly to the output gap.
The surplus:GDP ratio responds contemporaneously to the output gap with a
coefficient of 0.75 (somewhat higher than Taylor’s recommendation), and is more
highly autocorrelated than the nominal interest rate. In Chadha and Nolan
(2002e) we calibrated these simple optimized rules to the US and UK data.
This exercise is intended to see if these rules — particularly for the deficit — look
plausible. Figures 4 and 5 are taken from that earlier paper. Returning to Table
1 we note that the final two rows give the band-pass filtered policy instrument
series for both the US and UK, where we find that the model delivers instruments
with appropriate dynamics with respect to the business cycle.

We see that the rules can to some extent track actual data, although the fit is
somewhat closer in the case of the UK. Towards the start of the sample, however,
the optimized fiscal rules in both countries appear to imply large swings in the
deficit. This reflects relatively large swings in the output gaps in both countries
and the effects of the strong feedback from the output gap in our optimized rule.
Our assumption that all government expenditure is on final goods and that it is
financed ultimately only out of lump sum tax means that it is relatively costless

for the fiscal authority to design a systematic component for fiscal policy that
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implies such wide swings in net expenditure. Nevertheless, given that our model
has such a simple structure, its ability to capture some of the movement in actual
data provides us with some comfort that our results provide insight.

There has been much recent interest in the welfare and stabilization properties
of inflation (forecast) targeting regimes. This interest has, of course, been the
result of a number of countries adopting such a nominal regime, and with a
degree of success that has often appeared elusive under alternative nominal
frameworks.?® Some analysts have argued that feedback from expected inflation
may have desirable stabilization properties. We therefore augmented our simple
Taylor rule to include the possibility of some feedback from expected inflation.
The results are given in Table 2B.

Here we see that the inclusion of expected inflation in the monetary rule results
in little change to the feedback parameter on output (in either rule). However,
the feedback on contemporaneous inflation rises somewhat, and the feedback
on expected inflation also appears large, however the feedback from the lagged
interest rate goes almost to zero. That indicates that the smoothing of interest
rates and the (credible) targeting of inflation may be substitutes in the inflation
targeting framework. In practice, the impulse responses suggest that there is
little difference in the behavior of this model economy under the two simple
monetary-fiscal regimes outlined in Tables 2A and 2B.*" Perhaps unsurprisingly,
under credible pre-commitment and coordination of monetary and fiscal policy

the precise form of the monetary policy rule may not matter much.

39Gee Canzoneri, Nolan and Yates (1997) for a discussion of why this may be the case when
credibility is an issue.

40We present impulse responses for Table 2A and those for Table 2B, which are very similar,
are available on request.
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10.3. Impulse Responses

Before assessing a number of different policy scenarios, we discuss the impulse
responses, given as Figures 6, 7 and 8 of output, interest rates, the fiscal balance
and inflation to 1% shocks from each of the forcing variables given the optimized
coefficients reported in Table 2A. From the plots of these responses, a picture
emerges of monetary and fiscal policy working as a complementary sequence of
choices and of little real difference between the two rules (i.e., whether inflation or
expected inflation is targeted). Consequently our comments in this section apply
to the behavior of our model economy under either rule.

In response to a symmetric persistent productivity shock, output responds
positively and with a high degree of persistence. Inflation mirrors the response,
as falling marginal costs put downward pressure on firms’ prices. The optimal
policy response sees the nominal interest rate fall below base, while the fiscal
surplus rises. Nominal interest rates are cut in order to stabilize falling inflation
and lump-sum taxation tempers aggregate demand.

Following an unanticipated monetary tightening, output remains below its
steady-state level for some 10 quarters, although it is within 0.1% of base after
only 3 quarters. Output falls because a monetary policy shock increases real
rates. Fiscal policy responds to this monetary tightening by running a (persistent)
deficit. The maximal response is in the first period. Inflation responds quickly to
the monetary shock, falling by just under 0.5% in the first period and returns
more than half way to base by period 2.

A fiscal shock impacts on output via government expenditure and bonds. The
increase in output and inflation caused by the impact on aggregate demand leads
to a persistent but small rise in nominal interest rates. The effects of government
expenditure are analyzed in Baxter and King (1993). Briefly, a rise in government

expenditure on final goods results in a rise in labor supply which boosts aggregate

93



output (despite pushing down on aggregate consumption). It turns out that the
transmission channel of fiscal policy identified by Baxter and King (1993) is also
dominant in the current set-up. In other words the wealth effect of outstanding
government bonds is of second-order importance. Chadha and Nolan (2002¢)

demonstrate this point in more detail.

10.3.1. Monetary-Fiscal Interactions

We now turn briefly to two further experiments. First we assess a suggestion of
Robert Mundell (1971) that monetary policy should focus on inflation control, and
fiscal policy on real objectives. Table 2C shows that the weights in the optimal
rules derived in Tables 2A and 2B are not particularly far from that which would
be implied by the implementation of Mundell’s (1971) suggestion.

Our final illustration in Table 2D shows the implications for fiscal policy from
a monetary policy-maker who places a high weight on inflation stabilization. The
Table shows that active monetary policy in this case engenders similarly active
fiscal policy in order to reach the optimum. This means that overly aggressive
monetary policy will be complemented by a similar fiscal policy in order to
stabilize the economy optimally: aggression breeds aggression. In Chadha and
Nolan (2002¢) a number of further experiments are conducted. However the same
basic intuition is present, in that when one rule is constrained to deviate from
its optimized form, the other rule ends up acting to try to compensate for such
sub-optimal behavior.

The four simulations in this section indicate a number of issues worth pursuing
further. The Mundellian assignment strategy is near the optimum of our
constrained optimal rules. Inflation targeting, or at least our version of it, does
not appear to make much difference to the behavior of our model economy as the

feedback from anticipated inflation substitutes for the lack of a feedback from the
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lagged interest rate. Finally, sub-optimal behavior in one rule generates a response
from the other: in our final example an aggressive monetary policy optimally

engendered an aggressive fiscal policy.

11. Conclusions

This chapter has focussed on two main issues in the study of the interaction of
monetary and fiscal policy. First, because monetary and fiscal policy are linked
via the public sector’s present-value budget constraint, the seigniorage and real
tax sequences need to be coordinated over the ‘long run’. In practice a number
of countries have adopted independent central banks with a primary objective
being price stability. Implicitly, and sometimes explicitly, this institutional set-up
implies that fiscal solvency should be a primary goal of fiscal policy. However, this
has lead to a concern that monetary and fiscal policy may not be coordinated at
the business cycle frequencies, with the implication that output and employment
may be more volatile than necessary. We develop a model in which the optimal

design of monetary and fiscal policy can be considered.
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Appendix

I Fxponential and Discrete Density Functions
Here we informally show how the exponential density can be approximated

by the discrete density we use in the paper. The exponential density is given by
(11.1)

= /)\e”dt (11.1)
0

where ) is the constant probability of death, as in Blanchard (1985), and § is the
expected value of remaining life. That is, the expected value of a random variable

is given by

E(z) = /a:f(x)dx (11.2)

which in the case of the exponential density just becomes

the™Mdt (11.3)

Il
0\8

Integrating (11.3) by parts yields
E() = —te™M] +/ e Mdt = (11.4)
0

Now, to translate this continuous density to its discrete time analogue note that:

1 t
67/\t ~ <H_—)\> (115)

The exponential density is pre-multiplied by A, however in discrete time the above

factor is not pre-multiplied by HLA as one might initially suppose. Note that X is
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the (negative) of the instantaneous growth rate of the function e *!, so that the

discrete time analogue is simply

() = () _ (i5) (11.6)

“LY* 1+ A
[EDY
Intuitively this ensures that at each point the probability of death is constant:

> (i) () 117

t=0

The expected value of this distribution is then derived as follows

s (25) 5 (1) s

t=0

Focussing on the terms to be integrated, we see that the sum, S, is given by

S=0+ L +2-¥L—2+3 —L—3+ + 1y (11.9)
- 1+ 1+ X 1+ AT '

Similarly,

1 1 2 1 3 1 n+1
It then follows that
L S — L + L ’ + L ’ + + L "
1+x/)7 L1+ 1+ A 1+ A " 1+ A
1 n+1
_n<1+A)

Simplifying this expression and evaluating the sum as n — oo, gives that

(11.11)



Using this in expression (11.8) confirms that expected remaining life is constant

and equal to A7

IT Calculating Aggregate Consumption

As we indicated in the text, the strong symmetry assumptions adopted mean
that aggregation is generally easy. For example, whenever a given variable
is constant across cohorts, we employ equation (7.18) in the main text in a
straightforward way. Similarly, the aggregate evolution of wealth is the same
as the representative cohort’s except that A = 0. In this part of the appendix we
show how we calculated equation (7.19) in the main test which is the expression
governing aggregate consumption dynamics We ignore the j-superscripts in what
follows (since all cohorts are identical). In the usual way we can calculate the
expected present value of consumption. Thus, iterating on the consumption

FEuler equation and using the present value budget constraint we find that,

oo s—1 1 1 s—t
EtZH<1+z‘t+j)<1+A> BC=

s=t j=t

co s—1 s—t .

1 1 ls
E E BY,—T, — M .
e b II{<1+%H)<1+A) [SS Tl 4}

s=t j=t

Assuming log separability as in our characterising of the key supply-side
equations, we get that the left hand-side of the above expression an be written as

2 _p,C,, so that we have

1+X-p
Wi+ E iﬁ ! L - PY, - T. Z—SM
t tS:t i 1+it+j 1+)\ sts s 1“‘25 s ’

(11.12)

which is the solved out consumption function for a given cohort. We now want

1+X—8
pC, =—"2"F
tYt 1+)\

to calculate aggregate P;11Cy1 — P,C;.  First we economize on some notation,
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rewriting (11.12) as

W’“&iiii{<1+hﬂ)<1ix>sZL}] (11.13)

s=t j=t

KCy =Y

where W = lﬁr =, and O, = PY, — T, — Z —=—M,. We shall also avoid carrying

around expectations operators. We construct P, C}, 1 — P,C} in two steps. First
we derive an expression for the evolution of aggregate ‘human’ wealth, ©,, and
then we calculate an analogous expression for aggregate financial wealth. The sum
of these two expressions delivers aggregate consumption dynamics. First, then,
we look to the change in aggregate ‘human’ wealth. Since human wealth is, by
assumption, equal across cohorts (productivity is equal, the first-order conditions
of money holdings are the same and there is no difference across cohorts vis a vis

taxes levied) we get that,

Wier + O+ (k) () Ot
1 1 1 \2
(1+it+1) (1+it+2) (l—i-_A) @t+3 + ..

W+ 0+ (— L Vo + (— ! ! i) +
CEET L )\ ) T T Ut ) Ui )\ x ) TR

Collecting terms we see that

—6; + (1 - (14113) (1+/\)) O11+

(1 B (1+’t) (1%\)) (1+z'1t+1) (1%\) O 2

(1_ <1i> <1iA)> <1+1z't+1) <1+1¢t+2> (1ix)2@t+3+“'

This expression can, with a little rearrangement, be rewritten as

A+ +i) -1 | 1\
O+ (L+ M) (1+14,) ZH 1+zt+] 1+ O,

s=t+1 j=t
(11.14)

-

Y
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We now calculate an expression for W [W; 1 — W;]. First we recall that we

now need to work with aggregate financial wealth. That is
Wy =M1+ B

Using this in the flow budget constraint we find after some manipulation that

1_@t

W, + P.C,
t+ % t+1+it

Therefore the change in wealth may be written as,

Y Wit + 6 — BC,
L*‘t t+1 ¢ tt:|

and combining this with expression (11.14) we get that

o (14X (144)— = 1 s—(t+1)
PG —PCy =W O+ (1+2) (1+2t) [ 2 H {(1+Zt+]) (1+A) @S}]

=t+1 j=t
75 Wi + 6, — RC,
(11.15)

1+

However, we already know that

oo s—1 1 1 s—(t+1)
Wi+ 311 <1+z‘t+j) <1+/\> O

so we can re-write (11.15) as

1+M(1+4)—-11[P.C
Pi1Cipn — BC =¥ {—@H—( a +))(\)(1 —;)Zt) { tH\D s _WtHH

PirCrpg = 0

1
+Vv {ﬁtitmfﬂrl +6; — Ptct}
And straightforward simplification results in:
E P 1Ci = (1 +14¢) BP,Cy — ApE W41 (11.16)

which is (7.19) in the main text.
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111 Parameterization of Model

The table outlines the baseline parameter values that we adopt for the
calibration of the model. More discussion of these and the driving processes that
we adopt can be found in Chadha and Nolan (2002e). The post-World War II
UK and US dataset is standard. The US dataset runs from 1955:1 to 2000:4: we
use the Federal Funds rate as the policy instrument in the Taylor Rule; annual
inflation is measured as the four quarter percentage change in the All-Items CPI;
GDP in 1995 constant prices is detrended by a quadratic time trend and the
Federal Government surplus or deficit is given as as a proportion of GDP. For the
UK: we use the base rate as the policy instrument; annual inflation is measured
as the four quarter percentage change in the RPI; GDP in 1995 constant prices is
detrended by a quadratic time trend and the Public Sector Cash Requirement is
given as a proportion of GDP, after being seasonally adjusted by X12.

Calibration parameters for quarterly model
Symbol Value Description

A 0.00357 Expected life remaining: 70 years

r 0.0125  Real interest rate

16} 0.95 Subjective discount factor

o 0.053 Subjective discount rate

0 0.06 Rate of debt retirement

5 0.6 Steady-state consumption-output ratio
- 0.1 Steady-state money-wealth ratio

K 0.5 Phillips curve slope

< 0.7 Steady-state wealth-consumption ratio

The model is calibrated at a quarterly frequency using more or less standard
parameter values. We assume that A is determined as a result of the
representative agent expecting to live to 70. The discount factor, 3, is set at
0.95. Numerical investigations led us to set the debt retirement rate, v, to

0.06. The consumption:income ratio, ¢/y, is equal to 0.6, while the steady state
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money:wealth ratio, m/w, was chosen to be 0.1. Roughly speaking the average
size of the UK debt-to-GDP ratio over the post-war period has been some 40%.
Together with our assumption for ¢/y, implies that the steady-state wealth:income
ratio for this simple model economy is 0.7.

Let a¢, f;, and h; denote the log detrended processes for productivity, fiscal
and monetary innovations, respectively. We then assume they can be described

adequately for our purposes as follows,

ag Pa 0 0 a1 Tt
fe =10 p 0 Jior |+ | g |
ht 0 0 Pq htfl d

where z;, g;, and ¢; are the shocks respectively to productivity, fiscal and monetary
innovations. We adopted an agnostic strategy for setting the covariation structure
of the forcing variables. First we estimated Solow residuals, Taylor Rules and
Fiscal rule equations on US and UK data and found little difference in the standard
errors of the respective equations. Similarly Cardia (1991) found that the standard
deviation of shocks to the monetary and fiscal processes were of similar magnitude
in the US data, whilst in the German data the standard deviations of fiscal and
productivity shocks were of a similar size. In practice, then, we decided simply
to set 0, = 05 = 04 = 0.01. In terms of the persistence parameters we chose
the following: p, = 0.9, p; = 0.9, and p, = 0. In Chadha and Nolan (2002e) we
discuss these stochastic settings further. We found that our results were fairly
insensitive to alternative plausible assumptions vis a vis persistence and volatility

of underlying shocks.
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US Postwar Business Cycle and Policy Instruments
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Optimal Taylor Ruleand Federal Funds Rate: US 1990-2000
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Optimal Taylor Ruleand Base Rate: UK 1990-2000
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Figure 8: Key responses to a fiscal shock
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Table 1a: US Business Cycle Dynamics

g4

0; oy Yt—a Y1—3 Yt—2 Yt—1 Yt Y41 Yi+2 Yi+3 Ytva
ye 1.563 1.0 0.140 0.415 0.696 0.912 - - - - -
i 1.500 0.960 0.435 0.554 0.631 0.627 0.513 0.308 0.039 -0.235 -0.464
s 0.772  0.494 0.367 0.563 0.713 0.776 0.724 0.541 0.285 0.018 -0.205
1y 2.141 1.370 0.669 0.610 0.436 0.306 0.100 -0.116 -0.293 -0.420 -0.493
s¢  3.794 2427 0.625 0.828 0.946 0.946 0.824 0.603 0.344 0.094 -0.109

Table 1b: UK Business Cycle Dynamics

o] Z—fl Yoa  Yt-3 Yi—2 Ye—1 Yt Yt+1 Yt+2 Yt+3 Yi+a
ye 1.458 1.0 0.255 0.508 0.751 0.932 - - - - -
e 1.496 1.026 0.605 0.624 0.591 0.487 0.310 0.085 -0.155 -0.372 -0.536
s¢ 1.603 1.031 0.033 0.122 0.181 0.204 0.201 0.190 0.187 0.195 0.207
i 3.973 2.275 0424 0.314 0.156 -0.039 -0.240 -0.413 -0.526 -0.566 -0.536
s 0.423 3.719 0.466 0.550 0.608 0.626 0.599 0.522 0.419 0.306 0.199

Notes: (i) all data are from 1955:1 to 2001:4; (ii) we show the results for

Band-Pass filtered series with a 12-quarter moving average window; (iii) Hodrick-

Prescott filtered series are available on request; (iv) column 2 is the standard

deviation of the filtered series, 7; (v) column 3 is the standard deviation scaled by

output; (vi) we examine the correlation with output at leads and lags; (vii) the

first row gives the autocorrelation function of outpu; (viii) the final two rows are

the simulated policy instruments of interest rates and the fiscal surplus..
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Table 2A: The Simple Taylor Rule

Interest rate rule Fiscal Rule
T — 7t 1.1513 T — 7t 0
Yt — Yy 0.0631 Y — Yi 1.7522
R 4 0.2511 D, 0.5712

Table 2B: Inflation Expectations Augmented Taylor Rule

Interest rate rule Fiscal Rule
T — 7" 1.0981 T — 7" 0
By —m* 0.2927 By —7* 0
Ye — i 0.0548 Ye — Ui 1.8151
R4 0.0958 D 0.5271
Table 2C: Mundell Assignment Rule
Interest rate rule Fiscal Rule
T — 7t 1.07 T — 7t -
Ye — Y; - Y —Y; L.11
R 4 0.19 D; 4 0.65

Table 2D: Fiscal Policy Implications of the High Inflation Aversion
IRR FR IRR FR IRR FR
e 4.5 - 3.5 - 2.0 - Ty
Yt 0.1 306 01 303 01 257 1y
R;_4 02 044 02 047 0.2 052 D;,4
Note: The columns headed IRR refer to Interest Rate Rule and those headed FDR refer to

the Fiscal Deficit Rule. For IRR go to the lhs column for a key and for FDR go to the rhs for

a key.
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