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1 Introduction

There is a well understood policy proposal that the agency charged with determining monetary
policy, usually the central bank, should be ‘inflation-conservative’, by which it is meant that it
should have a higher weight on inflation stabilization relative to other objectives of policy than is
socially optimal. The logic runs as follows. Suppose the policymaker must act under discretion.
Also suppose, for some reason (and we nearly always assume some political economy issues here),
it wants to have lower unemployment or equivalently higher output. Such a policymaker will
generate an excessively high equilibrium rate of inflation, a level bias. This is the now-textbook
Barro and Gordon (1983) model. One possible resolution of this problem is to make the central
bank both independent and inflation-conservative, as famously shown by Rogoff (1985). This
removes some of the incentive to lower unemployment, and hence reduces the inflation bias. This
analysis, and its myriad extensions, has been very influential: most central banks in developed
countries are now operationally and/or target independent. Indeed, central banks are often be-
stowed with the soubriquet ‘conservative’ in the popular press, even if mitigating the inflationary
bias is not quite what they have in mind.

There seems little doubt that major central banks do not pursue excessive output targets
and none of them aims to stabilize inflation at too high a level. Contemporary policymakers
demonstrate considerable agreement about what the targets of policy should be. Nonetheless,
in dynamic models a stabilization bias might still arise. The volatility of economic variables is
necessarily higher if a policymaker acts under discretion (see e.g. Currie and Levine (1993)). Once
again, delegating policy to a conservative central bank could still lead to an improved outcome, as
Svensson (1987) demonstrates. Clarida et al. (1999) show that an inflation-conservative monetary
authority that acts under discretion can achieve the same level of welfare as under the optimal
precomitment-to-rules policy. In other words, the stabilization bias can be reduced: making
the central bank inflation-conservative helps solve the problem of optimal delegation.! It seems
reasonable to conclude that the conservative-cental-bank proposal is a good one, as it deals with
both the level and the stabilization bias.

However, simply separating the central bank from the government and making the central
bank inflation-conservative does not eliminate the influence of the government, who still controls
the fiscal instruments of financial management. It may deviate from what is socially optimal and,
say, have a lower unemployment target or prefer more stable growth. Even if it remains entirely
benevolent it may still behave strategically? which can affect the resulting equilibrium. Both level
and stabilization bias can still arise.

Indeed, Dixit and Lambertini (2003), using a static Barro-Gordon type model, demonstrate
that a conflict of interests does make the outcome suboptimal in a model of monetary-fiscal
interactions with a conservative central bank and a benevolent fiscal authority. The level bias
still arises: the levels of inflation and unemployment in equilibrium are both higher than socially

'The optimal delegation is usually described as a possibility to distort targets of a discretionary policymaker so
that it can achieve higher social welfare than it would achieve if it were benevolent.

2There is little doubt that the fiscal authorities act strategically: An existing empirical literature on monetary-
fiscal interactions suggests that fiscal policy does more than simply allowing automatic stabilisers to operate, see e.g.
Auerbach (2002) and Favero and Monacelli (2005) who analyze fiscal policy in the US. Moreover, since the onset
of European monetary union there are calls for greater fiscal flexibility, although how strategic such authorities
should be is not explicitly discussed.



optimal. With an additional policymaker it seems the conservative-central-bank proposal does not
work out even in a static model.? Similarly, the conservative-central-bank solution to an optimal
delegation problem in a dynamic stochastic environment could also be misleading if potentially
strategic play by policymakers is ignored.?

In further related research, Adam and Billi (2007) examine the advantages of inflation con-
servatism using a non-linear dynamic model similar to ours and find that it can be beneficial.
However, they mostly study the implications for the steady-state, and limit their analysis of sta-
bilization bias to the case of strategic fiscal leadership and a flexible price version of the model.
By contrast, our paper is concerned with the stabilization aspects of the problem and can be seen
as a complement to their paper.

Making the model dynamic furthers the analysis on the two accounts. First, we argue that
there is now a wide consensus about appropriate level targets for the financial authorities, so the
focus of the policy debate is often how quickly should they try to achieve these targets, rather
than which targets to achieve. Second, modelling monetary-fiscal interactions in a dynamic setting
allows us to study the effect of the governments solvency constraint. Debt stabilization issues can
impose severe restrictions on the stabilization abilities of both authorities (see Leeper (1991)) but
it is very difficult to model these restrictions adequately in a static model.

In this paper we explore the importance of both strategic behavior and inflation-conservatism
in a dynamic model of a kind widely used in policy analysis. We employ a conventional model
with monopolistic competition and sticky prices in the goods markets (as in Woodford (2003),
Ch. 6), extended to include fiscal policy and nominal government debt. We allow both authorities
to act strategically and non-cooperatively in pursuit of their own objectives. We then delegate
monetary policy to an inflation-conservative central bank. We demonstrate that even if the fiscal
authority remains benevolent but acts strategically, delegating monetary policy in this way leads
to welfare losses. The basic intuition is that if the authorities’ objectives do not coincide then one
strategic policymaker can offset the policy of the other. We show that although a small degree
of conservatism can be harmless, greater conservatism leads to substantial welfare losses.

As in Dixit and Lambertini (2003), the quantitative outcome of the game depends on the
leadership structure. We study three possibilities: either the monetary or fiscal authorities lead or
they play a Nash game. This analysis is impossible to conduct without developing an appropriate
modelling framework. As even moderately complicated dynamic model needs to be solved using
numerical methods and these methods are neither readily available nor well articulated for models
with rational expectations,” we develop relevant solution methods for discretionary equilibria
in dynamic linear rational expectations models where we make the role of leadership explicit.
Although this is a key contribution of the paper and necessary step in our analysis, we relegate
detailed discussion to Appendix A.S

3These results were further develiped in Lambertini (2006) specifically for the conservative central bank proposal.

*For example, in the UK the Bank of England and the Treasury would deny that they ‘play games’. However, by
‘playing a game’ we model the ability of each authority to understand the other’s priorities and reaction functions.

®de Zeecuw and van der Ploeg (1991) provide an excellent discussion of discrete dynamic games which can be
compared with our analysis.

SIn all that follows we adopt the terminology of dynamic game theory, exemplified in Bagar and Olsder (1999),
although some of the game is implied rather than explicit. We would argue that much of the recent monetary policy
literature constructs consistent equilibria with little regard to the underlying strategic behavior. We feel that a
correct, transparent treatment of potential interactions is vital to the understand the resulting policy equilibria.



This paper differs from Dixit and Lambertini (2003), and Adam and Billi (2007) in four
important respects. First, we study the stabilization rather than the level bias, and focus on
dynamics rather than the steady state. Second, we examine different leadership regimes, and
provide suitable algorithms for calculating appropriate equilibria. In so doing we solve rather a
general model within a class of dynamic models that are commonly adopted in policymaking.
Third, we explicitly account for the effects of potential fiscal insolvency. Finally, we show how
the interaction of the two authorities depends on the steady-state level of debt.

Our results are in marked contrast to the received wisdom outlined above. We find that if
the fiscal authority is benevolent but acts strategically, then delegating monetary policy to a
inflation conservative agency usually increases stabilization bias and so reduces social welfare.
Any distortion to the social objectives can make the two policymakers ‘fight’ each other in a way
that nearly always reduces social welfare for our model. The message is clear: What works well
in an economy with a single policymaker may not work at all in an economy with two strategic
policymakers. Our assessment of the gains from delegation seem robust to the specification of
the model and the choice of fiscal policy instrument. We conduct sensitivity analysis over the
model, and show that whilst there are differences in the behavior of fiscal policy if we choose
either distortionary taxes or spending, the qualitative results are the same. However, there is
an issue about the steady-state level of debt. The low and high debt cases (defined below) have
quite different qualitative effects.

The paper is organized as follows. In the next section we present the model, where we discuss
the derivation of key equations, and derive social welfare. Section 3 presents the analysis of
the two policy regimes: two benevolent policymakers and conservative central bank. Section 4
investigates how our results change if fiscal policy uses tax as an instrument instead or together
with spending. Section 5 concludes. An appendix describes the methods used to compute the
equilibria.

2 The Model

We consider the now-mainstream macro model, discussed in Woodford (2003), slightly modified to
take account of the effects of fiscal policy.” It is a closed economy with two policymakers, the fiscal
and monetary authorities. Fiscal policy is allowed to support monetary policy in stabilization of
the economy around the steady state.

2.1 Consumers

Our model of the household sector is familiar from Woodford (2003). Our economy is inhabited by
a large number of individuals, who specialize in the production of a differentiated good (indexed
by z), and who spend h(z) of effort in its production. They consume a basket of goods C', and
derive utility from per capita government consumption G. Individuals’ maximization problem is

max &Y B [w(Co) + f(Go) —v(ho(2))] (1)

{Cuv,ho}2,

"Similar to Kirsanova et al. (2007), among others.



The price of a differentiated good z is denoted by p(z), and the aggregate price level is P. An
individual chooses optimal consumption and work effort to maximize criterion (1) subject to the
demand system and the flow budget constraint:

PtCt + Et (Qt,t—i—l-At—l—l) S At + (1 — Tt) (wt(z)ht(z) + Ht(z)) + T, (2)

where P,C; = fol p(z)c(z)dz is nominal consumption, .A; are nominal financial assets of a house-
hold, II; is profit and T is a constant lump-sum tax/subsidy. Here w is the wage rate, and T}
is a tax rate on income. Q41 is the stochastic discount factor which determines the price in
period ¢ to the individual of being able to carry a state-contingent amount A;;1 of wealth into
period t + 1. The riskless short term nominal interest rate i; has the following representation in
terms of the stochastic discount factor:

1
(1+14;)

E(Qti1) =

Each individual consumes the same basket of goods. Goods are aggregated into a Dixit and
Stiglitz (1977) consumption index with the elasticity of substitution between any pair of goods

el er—1
given by ¢ > 1 (which is a stochastic elasticity with mean %), C; = [ fol ¢ (z)dz]

We assume that the net present value of individual’s future income is bounded. We also
assume that the nominal interest rate is positive at all times. These assumptions rule out infinite
consumption and allow us to replace the infinite sequence of flow budget constraints of the
individual by a single intertemporal constraint,

E Y QuuCoPo <A+ & Quo{(1 =) (wy(2)ho(2) +TLy(2))) + T} . (3)

The optimization requires that the household exhaust its intertemporal budget constraint and,
in addition, the household’s wealth accumulation must satisfy the no Ponzi game condition:

shjgogt (Qt,sAs) =0. (4)

We assume the specific functional form for the utility from consumption component, u(Cy, ;) =

1-1/c
ClVU—T' Household optimization leads to the following dynamic relationship for aggregate con-

sumption:

Ci=& (<%PtT—:th,t+l> Ct+1> . (5)

Additionally, aggregate (nominal) asset accumulation is given by
A1 = (L+4p) (A + (1 = Ty) (WeNe + 1) — RCy —T) (6)

where Wy and V; are aggregate wage and employment.

$We make this parameter stochastic to allow us to generate shocks to the mark-up of firms.



We linearize equation (5) around the steady state (here and everywhere below for each variable
X with steady state value X, we use the notation X; = In(X;/X)). Equation (5) leads to the
following Euler equation (intertemporal IS curve):

ét = gtét+1 — 0 (it — gt'ﬁ't—l—l) . (7)

Inflation is 7y = P—fﬁ — 1 and we assume steady state inflation is zero.

2.2 Price Setting

Price setting is based on Calvo contracting as set out in Woodford (2003). Each period agents
recalculate their prices with probability 1 —~. If prices are not recalculated (with probability ),
they remain fixed. Following Woodford (2003) and allowing for government consumption terms
in the utility function, we can derive the following Phillips curve for our economy”:

(=81 -,

(8)

7y = BETi41 +

t)
V(¢ +€)
where marginal cost is
1. 1 4 T -
St ==Y+ —Ci + ———Y¢ + 7).
5 ¢t+0 t+(1_7_) t+ 7

The shock 7); is a mark-up shock. Here ¢ = v, /vyyy.
Under flexible prices and in the steady state the real wage is always equal to the monopolistic
mark-up p, = —(1 — €)/€. Optimization by consumers then implies:

ﬂ — vy(yf(z)) (9)
e Q(1=T1) uc(cp)
where superscript n denotes natural levels (see Woodford (2003)), and p* is a steady state
employment subsidy which we discuss below. Linearization of (9) yields

~o 1 a1 T &
Y'"—+Cl'—+—T7 =0. 10
t ¢ + t o + (1 o 7_) t ( )

2.3 Fiscal Constraint

The government buys goods (G¢), taxes income (with tax rate Y;), raises lump-sum taxes, pays
employment subsidy and issues nominal debt B;. The evolution of the nominal debt stock can be
written as:

Biy1 = (1+14)(B + PGy — T PY, — T + p).

This equation can be linearized as (defining By = B;/P,_; and denoting the steady state ratio of
debt to output as y) :

XR&HZX@H‘%(XBt—Xth‘i‘(l—e)ét—T(Tt-i-Yle))- (11)

9The derivation is identical to the one in Woodford (2003), amended by the introduction of mark-up shocks as
in Beetsma and Jensen (2004).




2.4 Aggregate Relationships
Output is distributed as wages and profits:

Y; = Wy N + 11, (12)

Government expenditures constitute part of demand, so the national income identity can be
written as

Y; =Ci + Gy, (13)
and in steady state G = (1 — 0)Y. The linearized national income identity is then:

Y, = (1-0)Gy + 0C;. (14)

2.5 Evolution of the Economy

We now write down the final system of equations for the ‘law of motion’ of the out-of-steady-state
economy. We simplify notation by using lower case letters to denote ‘gap’ variables, where the gap
is the difference between actual levels and natural levels i.e. z; = Xt — th The model consists
of an intertemporal IS curve (15), the Phillips curve (16), national income identity (17), and an
equation explaining the evolution of debt (18). It is:

et =& — o (i — Emiga), (15)
A . K~ Ko kT .
Ty = BETp1 + ;Ct+ EYH—ﬁT“Lm’ (16)
yr = (1 —0)gs + Ocy, (17)
- 1
bt—f—l:XZt"i_B(bt_Xﬂt"i_(l_g)gt_'r('rt"i_yt))7 (18)

where parameter x = (1_1(6 ” J:E_)WW. We denote by = XBt- It remains to specify policy.

2.6 Welfare Criterion

We assume that both authorities set their instruments to maximize the aggregate utility function:
1, !
3628 u(C)+ £(G) = [ o)z (19)
2 s=t 0

We show in the working paper version of this paper Blake and Kirsanova (2008) that prob-
lem (19) implies the following optimization problem for the policymakers. Each policymaker
minimizes the discounted sum of all future losses:

1 - s—tyrsS
L = §8t ;5 Ws ) (20)



where the one-period term is
W3 = pec2 + pygs + pyyz + 72 + O(EIP), (21)

and O(||€|®) collects terms of higher order and we normalize the coefficient on inflation to one.
Terms independent of policy, which are ignored, collect constant and linear and quadratic terms
in shocks only. This quadratic approximation to social welfare is obtained assuming that there is
a production subsidy p =T that eliminates the distortion caused by monopolistic competition
and income taxes.!?

Note that expression (21) contains a quadratic term in government spending, g. This term
enters the welfare expression because it is assumed in (1) that households derive utility from the
consumption of public goods, and that the steady state level of government spending reflects this.
However, if we instead assumed that government spending was pure waste but the government
still used ¢ as a policy instrument, then changes in g would still influence social welfare through
the national income identity, but it would not constitute an independent source of welfare loss.

Both policymakers minimize their own loss functions. If they are benevolent, each of them
adopts the social loss function. Note that when assigning social welfare (21) to the monetary
authority, we do not eliminate quadratic terms in government spending. This term is not inde-
pendent of policy as monetary policy actions affect fiscal policy decisions. Each of the policymak-
ers solves an optimization problem every period. The resulting optimal policy reactions lead to
stochastic equilibria that should be compared across a suitable metric, which we take to be the
microfounded social loss.

2.7 Optimal Discretionary Policy

We assume that both monetary and fiscal authorities act non-cooperatively in order to stabilize
the economy against shocks. Both authorities are assumed to act under discretion. We assume
that the monetary authority chooses the interest rate to minimize the welfare loss with per-period
metrics in the form of (21) subject to system (15)-(18), and the always benevolent fiscal authority
chooses spending to minimize the welfare loss (21) subject to the same system. Of course, if both
authorities are benevolent then they both use the per-period social loss as their objective function.
If the monetary authority is inflation-conservative then it can vary otherwise microfounded weight
on inflation variability, so their per-period objective becomes:

WM = poc? + pyg? + pyu? + pa? + O(JE]P), (22)

where p,. > 1. Note that when assigning social welfare (22) to the monetary authority, we do
not eliminate quadratic terms in government spending. This term is not independent of policy
as monetary policy actions affect fiscal policy decisions.

We consider three leadership regimes: monetary or fiscal leadership and a Nash game. Our
model belongs to the class of non-singular linear stochastic rational expectations model of the
type described by Blanchard and Kahn (1980) augmented by a vector of control instruments.

'0This derivation follows Woodford (2003). The alternative way of deriving social welfare (Sutherland (2002)
and Benigno and Woodford (2004)) is inappropriate for discretionary policy.



Specifically, the evolution of the economy is explained by the following system:
yer1 | | Auin A2 yt Bi1 B2 uf Et41
= + Lo+ , (23)
Xt+1 A1 Agg Xt Bo1 Ba uy 0
where y; is a vector of predetermined variables with initial conditions yo given, y; = [f);, b]", x; is
a vector of non-predetermined (or jump) variables, x; = [m,¢;]". uf” and uf are the two vectors
of policy instruments of two policymakers, named F and L. uf" and uf are either interest rate or

spending (and tax) in our model.
The two policymakers have the following loss functions:

A =N ,
J =56 F9,Qg.), (24)
s=t
where j = {L, F'} and g; is a vector of goal variables of the policymaker, which is a linear function
of state variables and instruments, g5 = C [y}, x}, ul, uf/]/.

We demonstrate in Appendix A that in the linear quadratic framework optimal discretionary
policy reaction function is necessarily presented in the form of linear rules with feedback coeffi-
cients on predetermined state variables. We show that a solution to a linear-quadratic optimiza-
tion problem with two players subject to time consistency constraint can be written as a pair of
linear rules

uf = —Ffy, — Lk, (25)
uf = —Fly, (26)
where L = —0uf /Oul : in a leadership equilibrium the follower treats the leader’s policy instru-

ment parametrically and the leader can manipulate the follower. If the authorities play a Nash
game then L = 0.

Each of the policymakers solves an optimization problems every period. The resulting optimal
policy reactions lead to stochastic equilibria that should be compared across a suitable metric.
The obvious choice of this metric is the microfounded social loss.

Before we proceed we note that discretionary policy is known to generate multiple equilibria
(Blake and Kirsanova (2007)) if there are endogenous predetermined state variables in the system.
The presence of the debt accumulation process in our dynamic system could potentially lead to
such a multiplicity. However, after an extensive search we did not find any equilibria other than
those discussed in the paper and we conclude that multiplicity is not characteristic of either the
model or the policy problem.

In what follows we assume that the fiscal authority uses government spending as an instru-
ment. This choice is nearly arbitrary, but there are some considerations. First, there is no well
established form for fiscal policy rule. Empirical estimates of fiscal policy reaction functions (see
Favero and Monacelli (2005), Taylor (2000), Auerbach (2002) for example) suggest that both
government spending and taxes are varied by the fiscal authority. Second, from a methodological
point of view it is a convenient starting point. We discuss in Section 4 how our results change if
we use taxes instead.



2.8 Calibration

We take the model’s frequency to be quarterly. To achieve a steady state rate of interest of
approximately 4%, we set the household discount rate 8 to 0.99. Output is normalized to one,
and the ratio of government consumption to output, 1 — 6, is 0.25, which determines the relative
preference for government spending in utility. The remaining parameters of the utility function
are typical of those used in the literature, see e.g. Canzoneri et al. (2006). The elasticity of
intertemporal substitution o is taken as 1/1.5, the Calvo parameter ~y is set at 0.75 so as to imply
average contracts of about a year, the elasticity of demand is taken as € = 7.0 to achieve a 17%
mark up, and elasticity of labour demand is taken as ¢ = 1/3.

We consider two values for the debt to GDP ratio. Our ‘high’ debt level, x, corresponds to
30% of annual output, which is still less than the level of debt in a number of European economies.
However, we only consider one-period debt, so the figure of 30% is large enough to demonstrate
qualitative difference with 0% debt, that we treat as ‘low’ debt level.

We only study the effect of cost-push shocks as they are the biggest potential source of social
loss. We have examined what happens if we introduce taste or productivity shocks, and all
quantitative results are virtually the same.

We calibrate the standard deviation of an i.i.d. cost-push shock as 0.005. In our base line
case this generates a standard deviation for inflation of 0.0038, approximately the same order of
magnitude as experienced in developed countries over the last couple of decades. This number is
also not unreasonable given other academic studies. Ireland (2004) uses a cost-push shock, which
is AR(1) with a standard deviation of 0.0044. Smets and Wouters (2003) reports an i.i.d. cost
push shock with a much smaller standard deviation in the model with inflation persistence, while
Rudebusch (2002) estimates a standard deviation of 0.01 for an i.i.d. cost push shock.

3 Two Policy Scenarios

In this section we demonstrate our main results by contrasting two policy scenarios. The first,
benchmark case, is the case of benevolent policymakers. We look at how monetary and fiscal
policy interact if policy objectives are not distorted. As we shall see, the qualitative results
crucially depend on calibration of one particular parameter, the steady state level of debt. In
what follows we find it convenient to emphasize the difference while we explain each of the policy
scenarios that we consider. We, however, defer the remaining robustness analysis to Section 4.
Having analyzed the benchmark case of benevolent policymakers we study the second scenario of
interest: the conservative central bank scenario.

3.1 Benevolent Policymakers

The case of benevolent policymakers is a convenient benchmark and we start with it. We assume
that both authorities have identical per-period social objectives (21). Figure 1 plots the impulse
responses to a unit cost-push shock for the low and high debt cases.

The main results are the following:

1. All non-cooperative regimes with identical objectives deliver the same equilibrium.



This first (and probably unsurprizing) result sets an important benchmark as it shows that
strategic behavior can only be of importance if there is conflict in objectives. That the
order of moves is of no importance is a direct consequence of policymakers having identical
objectives and the uniqueness of the equilibrium. In this setting, neither authority is trying
to exploit the other in a pursuit of their own target — they internalize externalities.!!

. The final policy mix very much depends on the steady state level of debt.

a. In the low debt case contractionary monetary policy is supported by contractionary fiscal
policy in a response to a positive cost push shock. (Both government spending and
interest rate affect inflation via their effect on marginal cost.) This leads to a rise in
debt. Fiscal policy is then used to bring debt back to the steady state: government
spending stays at a reduced level for a long time.

b. In the high debt case, the interest rate falls in the first period in a response to a positive
cost push shock. As the first-order effect of interest rates on debt is large, a fall
in interest rates reduces the level of domestic debt. Moreover, the fiscal contraction
reduces debt even further. This first-period response allows monetary policy to raise
interest rate in the second period and reduce inflation. (Note that the second-period
inflation overshoots the steady state level. This helps to reduce inflation in the first
period too, as the rational private sector sets prices lower in anticipation of this lower
future price.'?) Fiscal policy can also raise spending as this not only stabilizes debt,
but also reduces recession caused by high interest rates.

The left panel in Figure 2 demonstrates that the social loss is a non-linear function of the
steady state level of debt, . This is consistent with a striking change in the way the
stabilization policy works. When x is below some threshold level then any further rise
creates more problems for an ‘active’ monetary policy combined with fiscal policy to both
stabilize the economy and keep debt accumulation under control.!> When y is above this
threshold monetary policy becomes ‘passive’ and higher level of y requires a bigger rise in
the interest rate in period two, which also curtails inflation. The two problems have the
same solution hence the loss falls. To emphasize the difference we have chosen the low and

high debt cases either side of the ‘hump’.!*

. The dynamic process of debt accumulation plays a very important role for the stabilization
policy mix. First, its presence imposes the requirement on the policy mix to prevent an

UEormally, it is straightforward to demonstrate in general case that Nash equilibrium with identical objectives
coincides with cooperative equilibrium. The system of first order conditions for a single optimisation problem
with two instruments in cooperative equilibrium will be identical to the two systems of FOCs for the two separate
maximisation problems for each of the instruments. Similarly we can deal with Stackelberg equilibrium: the systems
of FOCs will contain some additional terms, but they all be zero if objectives are the same.

12See Woodford (2003), pp. 486-501 for the discussion of a similar inflation overshooting under commitment

13We use the term ‘active’ to identify monetary policy that increases interest rates in response to a cost-push
shock and we use the term ‘passive’ otherwise. There is a resemblance of these two regimes to those identified in
Leeper (1991), although we in our case fiscal policy has no tasks other than the stabilization of the economy.

4 One might think that such a qualitative difference in monetary-fiscal interactions indicates the presence of
multiple equilibria. We have checked that this is not the case.
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explosion of debt. Second, its presence alters the dynamics of stabilization. If there is
no debt, then following a shock a discretionary policy stabilizes the economy within one
period. Policy can only reduce the amplitude of reactions to shocks within the first period.
If debt accumulation is present then policy can also reduce the half-life of effects of shocks
that have entered the system. In other words it enables stabilization to be smoothed over
many periods, which may or may not be welfare improving. With the presence of debt the
private sector’s expectations affect the economy for more than one period, as the evolution
of debt can be affected by the forecast of future policy. Expectations set in period t affect
the whole future path of state variables and they affect policy decisions taken in period
t+k, k > 1. The way monetary policy stabilizes inflation in the case of high debt (point 2b
above) is an example of how expectations of future policy can be exploited.

The social loss in the low and high debt cases is 2.5652 and 2.6007, correspondingly. We
measure social loss as percentage of steady state consumption that should be given up in order
to compensate for reduced volatility. All our future loss computations will be relative to these
numbers.

This section has established that with benevolent policymakers strategic behavior is of no
consequence. However, there are issues that arise from the dynamic nature of the model through
the steady state level of debt. In what follows we need to investigate the importance of steady
state levels of debt together with the conservative central bank proposal.

3.2 Conservative Central Bank

Suppose the fiscal authorities are benevolent, but we allow the monetary authorities to place a
higher relative weight on inflation stabilization, by adopting objective (22) with p, > 1. How
does this affect social welfare? We keep the fiscal authorities benevolent.

The left hand side panel of Figure 3 suggests that the loss quickly rises with the degree of
monetary conservatism for all three non-cooperative regimes. When the penalty is very close to
one, and in the low debt case, there is an extremely small social gain for the fiscal leadership
and the Nash regimes but the monetary leadership regime is unambiguously worse than the
cooperation of benevolent authorities. If equilibrium debt is large then there is no social gain for
any degree of inflation-conservatism and the social loss rises quickly with the degree of inflation
conservatism. To understand these results it is instructive to look at impulse responses to a unit
cost-push shock in Figure 4. We plot differences with the cooperative solution, which itself is
plotted in Figure 1.

Nash equilibrium. In the low debt case the monetary authority reacts more actively to a cost
push shock than if it were benevolent. It is more concerned with inflation variability than society
and is prepared to pay for gains with higher variability of the demand-related components. The
monetary authority, therefore, raises interest rate higher to eliminate inflation more aggressively.
The fiscal authority is benevolent and tries to eliminate the resulting recession. It therefore
contracts less (expands more) than if it were benevolent. Inflation is reduced, indeed. This
reduction in inflation is only outweighs the cost of fiscal volatility if the degree of monetary
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conservatism is extremely small. With higher degree of conservatism of the monetary authorities
the implied fiscal volatility becomes very costly.

In the high debt case the monetary authority has to take into account the debt stabilization
issues. It chooses to reduce interest rate in the first period by more, but the resulting smaller
fiscal contraction allows the monetary authorities to raise interest rate by more in the second
period, without having adverse effect on debt. Inflation, thus, overshoots more (falls relative
to the cooperation case) in the second period. It, therefore, rises less (or falls relative to the
cooperation case) in the first period. Again, the reason for its reduction in the first period is
the second-period overshooting and rational expectations of price-setters: rational private sector
perceives the second-period fall of prices and sets prices low in the first period.

The Nash game leads to more aggressive policy than under cooperation, and this results
in lower inflation, but also in higher volatility of demand-related terms and instruments, and
therefore, in more costly equilibrium.

Fiscal leadership. In the low debt case the fiscal authority knows that if it contracts less
then in the cooperative scenario then this will cause the monetary authority to contract more in
order to fight excess inflation. Moreover, the monetary authority will contract even more due to
its inherent conservatism. So the fiscal authority chooses to contract only slightly less than in
the cooperative scenario. The monetary authority still contracts more than in the cooperative
scenario and overall this results in slightly lower inflation. Inflation falls nearly as much as
under Nash, because fiscal authorities do not expand as much as under Nash. Debt rises only
slightly higher than in the cooperative scenario, and less than if both authorities play Nash. With
higher degree of monetary conservatism, monetary authorities have to pay too high output and
consumption cost for smaller inflation, so the regime is unambiguously worse than the cooperation.

In the high debt case the authorities have more problems with debt stabilization. The fiscal
authority contracts more in the first period thus not letting monetary policy to expand as much
as under Nash. The monetary authority therefore contracts less in the second period period.
This creates less inflation overshooting than under Nash. The loss is bigger than under Nash
for moderate degree of monetary conservatism. However, with higher degree of conservatism
the joint monetary-fiscal interactions result in smaller consumption volatility than under Nash
and this improves welfare slightly. The regime becomes slightly better than Nash, although the
quantitative response is extremely close to the Nash outcome. The debt stabilization task nearly
equally constrains instrument movements in all three non-cooperative regimes.

Monetary leadership. In the low debt case the leading monetary authority knows that raising
the interest rate causes the fiscal authority to try to offset the resulting recession. This consid-
eration would stop the benevolent monetary authority from raising interest rates. However, as
the monetary authority is conservative, the cost of moving g becomes relatively less important,
so it does raise the interest rate. But it raises the interest rate less than in a Nash game. Lower
pressure on debt allows fiscal policy to offset the effect more efficiently. Inflation falls less than
under Nash and this determines the loss.

In the high debt case the monetary authority contracts more in the first period than under
Nash and the fiscal authorities have to reduce spending more too. The debt does not fall as
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much as it does under Nash. The monetary authority is unable to achieve as large inflation
overshooting in the second period, and thus overall gain in inflation stabilization, as under Nash.
It is able, however, to achieve smaller variability of demand-related terms than under Nash. This
results in smaller welfare loss than under Nash.

4 Robustness: Using Tax as an Instrument

4.1 Tax as fiscal instrument

We have shown how our results change with the level of steady state debt. The other important
choice is that of the instrument for fiscal policy. We rerun our simulations assuming that (i) fiscal
policy uses tax as the instrument and (ii) fiscal policy uses two instruments, both income tax
rate and spending. Figure 5, which repeats Figure 3 but is plotted for taxes (the left hand side
panels) and taxes and spending (the right hand side panels), suggests that our main conclusion
remains valid: generally speaking, delegating monetary policy to a conservative central bank does
not improve social welfare.!®

However, there are some important differences with the case where only spending is used.
Consider using tax as a single fiscal instrument and suppose that authorities are benevolent. As
taxes affect marginal cost directly, fiscal policy tries to offset any cost-push shocks immediately
by lowering tax rate. The first column of plots in Figure 6 suggest that in response to a unit
cost push shock taxes fall that allows monetary policy to raise interest rate without any solvency
concerns.'® The debt is also stabilized by tazes: the first-period reduction in tax rate and high
interest rate require higher taxes in consequent periods; taxes rise and bring debt back to the
steady state nearly very quickly. The dynamics of debt is very different from the one in the
case where fiscal policy can only use spending as an instrument: debt is returned back to the
steady state within several periods. Taxes have no direct effect on demand and consumption,
so fiscal policy can more efficiently eliminate debt displacement in consequent periods, with less
externalities, and monetary policy can efficiently stabilize inflation. However, the welfare gain
from using taxes instead of spending is very small: if the loss under fully optimal monetary-
fiscal policy is 2.5652 when only spending are used, then it is only marginally lower (2.5596) if
taxes is the only instrument.'” This is because we look at policy under discretion. Benigno and
Woodford (2004) demonstrate that under commitment fiscal policy is very successful and nearly
offsets their effects on the system. Under discretion, however, taxes cannot move as freely as
under commitment, and they cannot efficiently offset cost-push shocks, although they still move
in the right direction. The right panel in Figure 2 suggests that with higher level of steady
state debt, y, the social loss rises. The level of x determines the size of the first-order effect of
interest rate on debt accumulation. With higher y the problem of debt stabilization becomes
more difficult. Taxes become predominantly used in the debt stabilization task and make the
task of inflation stabilization more difficult for monetary policy.

The relative ranking of different leadership regimes barely changes, however. Nash regime

5Here and below we say that fiscal policy uses taxes when income tax rate changes.

16We have checked that impulse responses are qualitatively similar for all degrees of conservatism and for low
and highe debt scenarios. So we only present small conservatism low debt case in Figure 6.

17Tn all cases we assume that the initial debt is at its steady state level.
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leads to most welfare losses. However, it is not the most aggressive regime this time. The second
column of plots in Figure 6 illustrate this. As before, we plot impulse responses relative to those
under cooperation of benevolent policymakers. As all qualitative responses are very similar for
different degree of conservatism and for the low and high debt scenarios we only plot the case
with low conservatism and with low level of debt.

The second column of plots in Figure 6 demonstrates interactions for different leadership
regimes in the case of conservative central bank. Under the Nash regime, monetary authorities
raise interest rate higher than if they were benevolent. They reduce inflation by more but they
also reduce consumption. The optimal response of fiscal authority is to raise taxes. If monetary
policy is not taken into account, then higher taxes allow the cost-push shock to have bigger effect
on inflation, real interest rate falls and consumption rises. In the Nash game the fiscal authority,
therefore, reduce taxes by less then they do under cooperation. Monetary policy rises interest
rate higher and so on. In equilibrium inflation is slightly reduced but consumption falls. For
small degree of conservatism the gain of lower inflation outweighs the loss of volatile consumption
and output, but consumption volatility rises very fast with the degree of monetary conservatism
and the regime quickly becomes welfare inferior.

If the monetary authority leads, it knows that the fiscal authority will not reduce taxation as if
it were benevolent, so it raises interest rate by less and the fiscal authority reduce tax by less than
under Nash. This leads to nearly the same outcome as under Nash if the degree of conservatism is
small. With higher degree of conservatism policy aggressiveness leads to volatility of consumption,
which is still less than under Nash. So the monetary leadership regime is preferable over the Nash
regime.

If the fiscal authority leads, it knows that the monetary authority will raise interest rates so it
reduces taxes by more. It explicitly exploits the monetary policy reaction function: the monetary
authority does raise interest rate, but by less if it were benevolent as the fiscal authority does
part of disinflation. As a result of these first period movements debt rises high. Fiscal policy
thus has to raise taxes in the second period, that also results in higher inflation in the second
period. If the degree of monetary conservatism is small then the fiscal leadership regime delivers
lowest loss among the three non-cooperative regime, because of the relatively large fall in inflation.
The second period inflation hike, however, determines the large social welfare loss if monetary
authorities have larger degree of conservatism.

Neither of non-cooperative regimes can be defined as most aggressive here: the Nash regime
results in higher variability in interest rate while the fiscal leadership regime results in the biggest
volatility of fiscal instrument.

4.2 Tax and spending as fiscal instruments

Adding government spending does not change any of the quantitative results as the last two
columns of plots in Figure 3 demonstrate. An inflation-conservative monetary authority, generally
speaking, generates social welfare loss. Adding government spending as a second instrument for
fiscal policy does not change much, see the right hand side panels of Figure 6. If the authorities
are benevolent then the social loss is 2.5441 in the low debt case, which is only marginally smaller
than the loss from stabilization where taxes only are used. As debt is now stabilized by taxes,
spending are optimally chosen to help monetary policy to reduce inflation if the authorities are
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benevolent. If there are distorted objectives, then interest rate-tax interactions are nearly the
same as if tax were the only fiscal instrument. The possibility to use spending as well does
little difference: spending plays the same role (relative to the case of cooperation of benevolent
policymakers) as in the scenario where it was the only fiscal instrument, one can compare the
last column in Figure 6 with the first column of plots in Figure 4.

5 Summary of Results and Conclusions

This paper evaluates a conservative-central-bank proposal in a dynamic model with separate non-
cooperative monetary and fiscal authorities which act under discretion. We demonstrate that if
the fiscal policymaker is benevolent but acts strategically, then delegating monetary policy to a
monetary policymaker that puts a higher than socially optimal weight on inflation stabilization
usually increases stabilization bias and reduces social welfare. A distortion from socially optimal
objectives of one of the authorities by changing the relative weights nearly always leads to social
welfare losses in our model. Such distortion makes the two policymakers ‘fight’ each other that
reduces social welfare nearly always for our model. What works well in an economy with one
strategic policymaker may not work at all in an economy with two strategic policymakers, as the
second strategic policymaker offsets all actions of the first one and vice versa.

Of course, this result does not imply that the problem of optimal delegation has no solution
if there are several strategic policymakers. In our policy scenario we have distorted the relative
weights on social objectives, but we did not introduce any additional objectives. Additional terms
in policymakers’ objectives, like instrument smoothing costs, might have a different effect on the
ability and willingness of the policymakers to engage in conflict with each other. Our result,
however, suggests that making fiscal authorities flexible and strategic may have costs, and they
should be taken into account.

To arrive to our main conclusions, we have investigated monetary and fiscal policy interactions
under discretion in a fairly standard model with an explicit budget constraint for the fiscal
authority. We have developed the necessary tools to analyze non-cooperative games between two
policymakers and a rational private sector. There are also some additional conclusions that can
be drawn from this analysis.

1. The level of steady state debt to output ratio has an important qualitative effect on policy
interactions. In the high debt case policy has to take into account its effects on debt
stabilization. This is particularly important for the monetary authority as the first-order
effect of interest rates on debt accumulation rises substantially.

2. The choice of fiscal instrument is important, although not for assessing gains from delegation
where there are losses whatever the fiscal instrument. The transmission mechanism differs
considerably. Taxes are most useful in stabilizing debt. Spending has more limited powers
to stabilize debt — and therefore monetary policy must be more associated with debt — but
has a large effect on domestic demand.

3. Among the three non-cooperative regimes, the Nash equilibrium is unlikely to be welfare-
dominating. In most case this regime leads to large movements of policy instruments that
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typically implies large volatility of key economic variables. Most of our results suggest that
monetary leadership is relatively better if the monetary authority is inflation-conservative,
as in this model the inflation stabilization target has far more bigger weight in social ob-
jectives than any other targets.

Finally, we this paper offers an additional contribution to the literature: we offer a method-
ological approach to solving a non-cooperative leadership equilibria in which monetary and fiscal
authorities may have different objectives. This approach can be easily modified to study different
types of equilibria and games with many players in a multi-country setting.

A Leadership Equilibrium Under Discretion

This section demonstrates how to solve non-cooperative dynamic games in linear-quadratic frame-
work. The next section A.1 describes the general class of models we deal with. Currie and Levine
(1993) demonstrate how to solve Nash games. We therefore only describe leadership equilibria.

A.1 A Class of Models

We assume a non-singular linear stochastic rational expectations model of the type described
by Blanchard and Kahn (1980) augmented by a vector of control instruments. Specifically, the
evolution of the economy is explained by the following system:

Yir1 | | A Are Yt Bi1 B2 uf o7

Tep1 | | Az Ax T * Ba1 B uf” |’ (27)
where y; is an ni-vector of predetermined variables with initial conditions yg given, x; is na-vector
of non-predetermined (or jump) variables, uf" and ul are the two vectors of policy instruments
of two policymakers, named F' and L, of size kr and kp, respectively. For notational convenience
we define the n-vector z; = (y;,2};)" where n = nj + ng, and the k-vector of control variables
ug = (ul’,uf"), where k = kp + kr.

Typically, this system represents the solved out optimization problem for the ultimate follower
in the policy game. This player also has ‘instruments’, represented by x;, so the second equation
in (27) is essentially its reaction function. Additionally, there is an equation explaining evolution
of predetermined variable ;.

The two policymakers have the following loss functions:

o o

o1 : 1 . , ,
Ji= 56 > B9l Qls) = & D BTN Q 2 + 22, Plug + u Riuy), (28)

s=t s=t

where i = {L, F} and g, is a vector of target variables of the policymaker, g, = C (2,,u})". The
loss function of each player can include instrument costs of both players, but no assumptions
about the invertibility of R’ are made.

It should be noted that none of the results depend on the deterministic setup outlined and
the consequent assumption of perfect foresight. We can add an appropriate vector of shocks, but
this unnecessarily complicates the analysis.!®

18Shocks can be included into vector s, see e.g. Anderson et al. (1996).
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Before we proceed, we claim (and show this later) that a solution to a linear-quadratic opti-
mization problem with two players subject to time consistency constraint can be written as a par
of linear rules

ul = —FFy, — Lul, (29)
ul = —Fly, (30)
where L = —0ul" /Oul : in a leadership equilibrium the follower treats the leader’s policy instru-

ment parametrically.
Substitute (29) and (30) into (27) and obtain the evolution of the system under control:

yer1 | _ [ An = Bia(FF — LFY) — BuF*  App Yt (31)
Tl A9y — Boo(FF' — LFL) — By FE Agy x|
A.2 Reaction Function of the Private Sector
Suppose the reaction of the private sector is a linear function of the predetermined state variables:
Ty = —N?Jt- (32)

We can bring this representation into an equivalent form in terms of predetermined variables
and controls (as did Oudiz and Sachs, 1985). Leading (32) one period we can substitute for y;1
from the first equation in (27) to obtain:

Ter1 = —Nyep1 = —N(Any + Az + Biuf + Buuf). (33)
Combining this with the second equation in (27) we can easily obtain:

—(Aga + N A1) Y(Aa1 + NA1)y: + (Baz + NBy)ul” + (Bay + NBy1)ul]

= _Jyt — KFU KLUt 5 (34)
where
J = (Age + NA12) 1(Agy + NAp), (35)
= (Agg + NAj9) 1 (Bag + NBya), (36)
= (Aga + NAy2) ' (Boy + NByy). (37)

Formula (34) describes the reaction function of the private sector as a linear reaction rule,
with (so far) unknown coefficients J, K and K. This representation is convenient for the rest
of what follows. Using these definitions of J and K, K= we can write

Yer1 = (A1 — AJ) g+ (Bin — A KY) uf + (Bia — A KP) uf = Ajy+ Biuf +Bicuf, (38)

where the definitions of J, K, Ay and BL, B[}; will be convenient for the rest of what follows.
Before we move further note that, by construction, IV satisfies the following continuous equa-
tion:
N. = J-K'FF 4 KFLFY - KYFL = (39)
= (Agy + NA) ' (A2 + NA11 — (Bao + NByo) (F¥ — LFY) — (Bay + NBi)FF).
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A.3 The Follower’s Optimization Problem

The follower’s cost-to-go from time ¢ satisfies Bellman equation:
— 1 1 ! pF I pF
W = 5 (Z,Q" Zy +2Z;P" Uy + U/R"Uy) + BEW 41 (40)

There welfare loss from time ¢ must be a quadratic function of the predetermined state variables:

1

Wy = 5(%5%)- (41)

We can substitute this into (40) and using (34) and (38) we obtain:

YiSyr = yy(Q* + BAGSA )y + uf (U + BB SA )y + y;(Uy + BA}SBic)uf’ (42)
+ul'(UF + BBYSA )y + v, (Us + BA,SBEYul + " (BBE SBE + R*)ul’
+ ul"(BBE'SBE + P*\ul + u (BBY SBL + P*)ul’ + ul(BBY SBE + T*)ur,

where Q*, Uy, U, R*, P* and T™ are defined by

Q"= Q1 —QizJ = J' (Q21 — Qa2 J), (43)
Up = (J'Q25 — Q) K" + Py — J' Py, (44)
Uf, = (V'@ — Q1z) K" + Piy = J'Pyy, (45)
R* = K" (Q3K" — P3y) + Ry — Py K”, (46)
P* = K" (Q5 K" — Pyy) + R, — Py K", (47)
T = K (QLK" ~ Pf) ~ P/K" + R, (19

N
(@)

and matrices @, P and R are partitioned conformably with zs = (y%,2%)" and us = (u2/, uf")".

s S
The feedback rule can be determined from (42) by differentiating the loss function with respect
to uf":

uf = —(R* +BBESBR) ™ ((UF + BBESAp)ys + (P + BB SBE Juf) .

It follows that F'F" and L are defined by

FF = (R +BBESBE) (UF + BBESA)), (49)
L = (R"+BBESBE) ™ (P"+BBESBE). (50)

Now, we substitute the reaction rules (29), (30), (49) and (50) in (42) and obtain that S satisfies
S = B(A;— BRF")'S (A; - BRF") (51)

— ((U# = P"F") + BBE'S (A; — BLF")) (R* + BBE'SBE) ™
x ((Uy — P*FY) + BBE/'S (A — BRFY)) + (Q* — FM'UY — UfFE + FMT*FL)

If we find S then F¥ and L are uniquely determined.
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A.4 The Leader’s Optimization Problem

The leader takes into account the follower’s reaction function. Substitute rule (29) into equation
(27) and obtain that the system under control evolves as:

][ a (]2 e -

where A, B are defined as:

J=J-K'Ff K=Kl - KFL, (53)
Ay = Ay — BioFF, Ayg = Ay, Agy = Agy — BooFF'| Agy = Aoy, (54)
B1 = B11 — B12L, By = By1 — BooL, Aj = A1 — A12J, Bx = By — ApK. (55)

Substitute rule (29) into the leader’s loss function to obtain the new penalty matrix determined
by

Qu = Qfy — PisF" — F' (P — RpFT), (56)

Q2 = Qb1 = Qfo — F' P33, Q22 = Q3 (57)

P =P - PLL - F" (R}, — RLL), (58)

Py=Pji — PsL, R=R{; — Ri,L— L' (R — RLL). (59)
Substitute rule (29) into reaction (34) to obtain

x = —Jy, — KuF, (60)

where J and K are defined in (53).
Similar to derivations in Section A.3, the cost-to-go from time ¢ satisfies the following dynamic
programming equation:

1 . 3 3
Wy = §(Z£ta + 2Z£P’u,f + utL'RutL) + 5<€tWt+1- (61)

The welfare loss at time ¢ is given by W; =
(60) and y; 11 = Ajyys + Bxul, obtain:

%(yégyt).We substitute it into formula (61) and, using

YiSyr = yy(Q* + BALSA )y + uf (U™ + BB SA )y: (62)
+ yé(ﬁ* + ﬂfl{,S’BK)utL + utL’(BB}{S'BK + R*)utL,

where Aj, Br,Q*, U*, R* are determined by (55) and

Q* = Q11 — Q2] — J' Qa1 + J' QaaJ, (63)
U* = JQuK — QoK + P, — J' Py, (64)
R*=K'QuK+R—K'P,— PJK. (65)
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The feedback rule can be determined from (62) by differentiating the loss function with respect

L.
to uy:

= —(R* + 53}(5’3[{)_1(0*/ + 53}(5’/1])%
From where F' is determined by
. N L

FL = (R* + 53}(SBK) (U*’ + 8B4 J) . (66)
Substitute (30) and (66) into formula (62) we obtain that S satisfies

- L o N Nl

S =0 +BA,SA; - (ﬁB}(SAJ + U*’) (R* + ﬁB'KSBK) (63}(SAJ + U*’) . (67)
Again, if we know S then F is uniquely determined.

A.5 Leadership equilibrium

We define discretionary leadership equilibrium as a set of five matrices {FL FF L N, S, S } such
that the triplet {N,S,S} is as an asymptotically stable steady state of the following difference
system

Nop1 = (Aoa + NyA12)™ (A21 + NyA11 — (Bag + NyBuo) (FF — L FL) (68)
—(Bo1 + NsB11)FL),
SS+1 = /B(AJS BKs s ) S (AJS BKS s ) (U PS*IFSL + ﬁBIIg{SSS (AJS - B[%SFéL))/

X (R: =+ BBKSSSBKS) (UFs - Ps*,FsL + BBKS s (AJS - BIL(SFSL)) (69)
+Q; - FEUR, - Ug, FE + FUTIFE,
- . - . - /
Serr = Qi+ BAY S Ay, — (BB.SuAss + U7 (70)

x (R4 BBie,8Bi) (8B 8uAe +07)

where all coefficients with subscript s are (non-) linear functions of S, S, and N, and defined
above ref. If we find an asymptotically stable steady state {N, S, S } then corresponding triplet
{FL FF L} defines policy reactions in this equilibrium.

System (68)-(70) is a non-linear system of difference matrix equations. It may have many
solutions. We demonstrate in Blake and Kirsanova (2007) that even simpler system of this kind
(that defines discretionary equilibrium with only one policymaker) does have multiple equilibria
in certain cases. In this paper we admit such possibility and do everything to locate possible
multiple solutions numerically.
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Figure 1: Impulse responses to a unit cost-push shock under full optimization of benevolent
authorities. Fiscal policy uses spending as an instrument.
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Figure 2: Joint monetary-fiscal optimisation, benevolent policymakers. The social loss as a
function of steady state level of debt. Different fiscal instruments.
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Figure 3: Social welfare loss as a function of monetary conservatism for different non-cooperative
regimes. Fiscal policy uses spending as an instrument.
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Figure 4: Impulse responses to a unit cost-push shock for different strategic regimes if the mon-
etary authority is conservative with small degree of conservatism, p. = 1.06. Fiscal policy uses
spending as an instrument. All responses shown as relative to those under cooperation.
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Figure 5: Social loss as a function of conservatism for different strategic regimes and policy

arrangements: fiscal policy uses taxes as an instrument or it uses both instruments, taxes and
spending.
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Figure 6: Impulse responses to a unit cost-push shock when fiscal policy uses different instru-
ments. Columns 2 and 4 plot relative responses, relative to the case of cooperation of benevolent
authorities. The ‘low debt’ scenario and small degree of conservatism, p, = 1.06 are assumed in
all cases where applicable.
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