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1 Introduction

In this paper we examine the potential for national fiscal policy to help stabilise individual economies
within a monetary union. While the vulnerability of monetary unions to asymmetric shocks is well
known, there has been surprising little analysis of the extent to which fiscal policy can overcome
these problems within the framework of the new international macroeconomics (see Lane (2001)
for a survey). This is despite the fact that policy makers in potential members of the European
Monetary Union have actively discussed the possibility of using fiscal policy in this way (Treasury
(2003), Swedish Committee (2002)).

One advantage of using a model with clear microfoundations is that we can directly compute
welfare, using either a traditional loss function or a measure explicitly derived from agents utility.
While our analysis does not deal directly with some of the important political economy issues
involved in using fiscal policy as a countercyclical tool (see e.g. Calmfors (2003)), it should help
inform that debate. In particular, we investigate whether there is a significant welfare cost to

restricting fiscal policy to keep deficits within certain bands, as in the Stability and Growth Pact.
Private Sector Behaviour and Persistence

Our analytical framework is close to that in a recent paper by Beetsma and Jensen (2004), whose
model is in turn based on one developed in Benigno and Benigno (2000). They also look at the
role of fiscal policy in a microfounded two-country model of monetary union. Our analysis is more
general in two important respects. First, while their representative consumers are identical across
countries (and therefore consume an identical basket), we allow for some home bias in consumption,
along lines that are familiar, from Gali and Monacelli (2002), for example!. Second, while many
papers embody nominal inertia in the form of Calvo contracts, we also allow for some additional
inflation inertia, using a set-up outlined in Steinsson (2003). This not only makes our model more
realistic 2, but it also gives policy a greater potential role in influencing the dynamic response
to shocks. We show that this additional inflation inertia can cause oscillatory dynamics, or even

instability, so that a stabilising fiscal policy may become essential.®
Welfare and Fiscal Constraints

Our analysis of policy is designed to be normative. We evaluate outcomes on the basis of social
loss derived from the utility of individual agents. There is a standard problem about how to avoid

linear terms in such a measure of social loss. There are three common approaches to resolving this

!See also Duarte and Wolman (2002).

?See Mankiw (2001), Mehra (2004), Benigno and Lopez-Salido (2002) among many others.

3In some respects our set up is more restrictive than Beetsma and Jensen (2004): for example, we assume our two
economies are of equal size while they do not.



problem. Schmitt-Grohe and Uribe (2003), following Sims (2000), abandon the linear-quadratic
framework and instead work with second-order approximations to the model equations. As an
alternative, Benigno and Woodford (2003), Benigno and Woodford (2004), and Sutherland (2002)
assume specific policy rules, which of themselves remove the linear terms!. However, for our
purposes it is more convenient to take a third approach (as in Rotemberg and Woodford (1997)
and Benigno and Benigno (2000) for example), where we assume the existence of an employment
subsidy, financed by lump-sum taxation, precisely of the kind necessary to remove linear terms in
the measure of social loss.

One of the difficulties of working with our rich model of private sector behaviour is that our
microfounded measure of social loss will depart substantially from the objective function that policy
makers are normally assumed to follow. In particular, it is quite complex (see below), whereas
actual policy makers are likely to be guided by more simple objective functions. That is why for
the monetary authority we assume a standard loss function, which penalises deviations of inflation
from its target and of output from its natural rate. This captures the essential features of the remit
likely to be given to a central bank. For the fiscal authorities we assume that the loss function
not only penalises deviations in output and inflation (so that their fiscal policy supports monetary
stabilisation), but also penalises deviations of the fiscal deficit from its equilibrium level. We find
that the gains due to fiscal stabilisation are large (as measured by the ‘true’ social loss function)
even when fiscal authorities are guided by such a simple loss function. These gains would be likely
to increase further if fiscal authorities were to actually optimise ‘true’ social welfare.

We also follow the papers cited above in not extending the analysis to study the effects on
government behaviour of a government solvency constraint; the focus here is on the short-run
stabilisation of fiscal policy, assuming that this will not be restricted by solvency constraints. An

analysis of solvency is left for future research.
Non-cooperation in Policy Making

We change the common assumption that fiscal and monetary authorities cooperate in pursuit
of shared objectives. Instead of this we model a non-cooperative game, in which they have differing
objectives. This provides a more realistic picture of monetary and fiscal interactions. Furthermore,
allowing fiscal and monetary authorities to have separate objectives is necessary if we are to inves-
tigate constraints on fiscal stabilisation (in the manner discussed above), without at the same time
altering the objectives of monetary policy.

We solve the policy game under monetary leadership. One reason for doing this is illustrated
by a comparison with a single country, in which it is natural to think of the fiscal authority as a

Stackelberg leader. Such a fiscal authority sets fiscal policy in the light of its understanding of how

*Sutherland (2002) imposes a form of policy which is too specific for our purposes, while Benigno and Woodford
(2003), Benigno and Woodford (2004) impose a ‘timeless perspective’ on policy.



the monetary authority will respond, in contrast to the monetary authority who sets interest rates
in the light of its observations of fiscal outcomes without thinking strategically about how it might
influence these®. By contrast, in a monetary union, the monetary authority is ‘large’, since it sets
the interest rate for the union as a whole, whereas the fiscal authorities of the separate countries
are ‘small’ in that each of them sets policy for only one country. That suggests that each of them
is acting separately and will set their policy without thinking strategically about how its policy
setting would influence monetary policy. Of course, they might cooperate and collectively lead the
monetary authority. Our procedure involves us making the judgement that they are unlikely to do
this.

Our approach is complementary to the one in Gali and Monacelli (2004), who consider many
small countries in a monetary union. In their paper each country is small, and is subject to
idiosyncratic shocks. We focus on big countries, subject to asymmetric shocks. We assume that
although fiscal decisions are taken independently, there is a Nash set-up, in which each player is
fully aware of the reaction function of other players. We follow Beetsma and Jensen (2004), in that
our monetary union is not open to the rest of the world.

The paper is laid out as follows. Section 2 describes the theoretical structure of model. Cali-
bration of the model is discussed in Section 3. The main results are presented in Section 4, and

Section 5 concludes.

2 The Model
2.1 The Setup

Our monetary union consists of two economies, labelled a and b. Each of these is inhabited by a
large number of individuals and firms. Each representative individual specialises in the production
of one differentiated good, denoted by z, and spends h(z) of effort on its production. He consumes a
consumption basket C, and also derives utility from per capita government consumption G. Private
and public consumption are not perfect substitutes.

In each of the two economies the consumption basket consists of two composite goods, the
domestic composite good (produced in the home country, denoted by Ha, Hb), the foreign composite
good from the other open economy (produced in the foreign country, denoted Hb, Ha). Each
composite good in turn consists of a continuum of produced goods z € [0,1]. We also assume that
countries a and b are identical in all their parameters. In order not to repeat symmetric equations,
we will use the index k for a single country in the union, k € {a, b}, and use index k to denote the

other country, i.e. if k = a then k = b, if k = b then k = a.

SRef to UK



Preferences of individuals are assumed to be :

e}

max & ZBSit[u(CkSa gks) + f(GkS7€kS) - U(hks(z)a gks)] (1>
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where we allow for taste/technology shocks £. Domestically produced goods may be consumed

either at home or abroad and so:

Yie(2) = Cane(2) + p(2) + gmu(2) (2)

where the superscript k denotes the foreign destination of some goods. gi(z) is government con-
sumption. We assume that the government in each country consumes the domestically produced
good only, so gk = gk-

All goods are aggregated into a Dixit and Stiglitz (1977) consumption index with the elasticity
of substitution between any pair of goods given by ¢ > 1 (which is a stochastic elasticity® with
mean €):

€t
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Every household consumes both domestic and foreign goods with the elasticity of substitution

between them given by n > 0. Therefore, the consumption basket in country k is

(4)
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where the index ¢ is suppressed for notational convenience, a4 is the share of consumption of
domestic goods, «,, is the share of consumption of goods imported from the neighbour country (the

other open economy), k € {a,b}.

2.2 Demand: Optimal Consumption Decisions

An individual chooses optimal consumption and work effort to maximise the criterion (1) subject

to the intertemporal budget constraint:

& Z(Rt,spkscks) < Ape + & Z(Rt,s(l — T)wis(2) his(2)) (5)

s—1
where P Cyy = fol(ka(z)ch(z) + pun(2)egi(2))dz, E(Rys) = H ﬁ, i is short-term interest
m=t

rate and Ay, are nominal financial assets of a household, k € {a,b}. Here w is the wage rate, and

T a constant tax rate on labour income. In equilibrium we assume 7 = 0.

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



The household optimisation problem is standard (Woodford (2003)) and, after linearisation, it
leads to the following first order condition for country k, written in terms of deviations from the

steady state (for each variable X; with steady state value X, we use the notation X; = In(X;/X)):
Ot = Crer — 0 i = fan) + Exe — Epenn (6)

where 0 = —uc(C,1)/ucc(C,1)C is the elasticity of intertemporal substitution.
The optimal allocation of any given expenditure within each category of goods yields the demand
functions:

crkt(2) = (M) E Chkt (7)

Pyy,

1
1—eg

where Pyt = [ fol piﬁg(z)dz]
The optimal allocation of expenditures between domestic and foreign goods implies:
P\ " Pup\ "
CHk =0qd |\ — Ck;, CHE = Qp, ﬂ Ck; (8)
Py Py
where the consumer price index for country k is:

1
Py = (agPp" + an P T (9)

We define the terms of trade S, the nominal exchange rate E,;, and the real exchange rate

Qup as follows

P P E,Pp
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== 10
Py, Plgb P, ( )

2.3 Supply: Pricing Decisions by Firms

In order to describe price setting decisions we split firms into two groups according to their pricing
behaviour, following Steinsson (2003). In each period, each firm is able to reset its price with
probability 1 — «, and otherwise, with probability =, its price will rise at the steady state rate of
domestic inflation. Among those firm, which are able to reset their price, a proportion of 1 — w
are forward-looking and set prices optimally, while a fraction w are backward-looking and set their
prices according to a rule of thumb.

Forward-looking firms are profit-maximising, they reset prices optimally, given Calvo-type con-
straints on price setting, that results in the following formula for ng,tv which for convenience is

written in terms of log-deviations from the steady state (see Appendix A.1):

pgk,t = ’75155k,t+1 + VBT HE t+1 (11)
(1-v8)% 5 1. 1. Uye  UCE 2 R
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where gy, is resulting domestic inflation in country k.

The rule of thumb used by a backward-looking firm to set its price ng,t is

Y

B T kt—1

PHEt = PHk:,tAHHk,t—l(Yn
kt—1

)’ (12)

where Pp;,., ; is the average domestic price in the previous period, Il = Pyp ¢ /Prk—1 is past
period growth rate of prices and Y}, /Y)} is output relative to the flexible-price equilibrium. For

the economy as a whole, the price equation can be written as:
1—e Fyl—e B\l—e1 120
Pr=IIP-) " + (1 =) —w)(B) " + (1 = y)w(F7) ] . (13)

Following Steinsson (2003) and allowing for government consumption terms in the utility func-
tion, we can derive the following Phillips curve for our economy, written in terms of log-deviations

from the steady state:

Tkt = XBF k1 + (1= X)F k-1 + KeCht + FsSat (14)
. . v UCe |5 .
+ Eyo Yt + Ky1 Yie—1 + (Lﬁ - —§)§kt + Mgt
vy uc

Coefficients x and ks are given in Appendix A.1 as functions of v and w and other structural
parameters. The constant labour income tax rate 7 does not appear here because we have used the
first order condition (see (16) below) to substitute for the equilibrium post-tax real wage. Although
the constant wage income tax has no effect on the dynamic equations for log-deviations from the
flexible price equilibrium, it alters the equilibrium choice between consumption and leisure for the
consumer. The Phillips curve (14) has a structure in which both current and past output have
an effect on inflation. Its specification is derived in Steinsson (2003) and we briefly repeat this
derivation in Appendix A.1, where we explain our open-economy extension. In the case when all
consumers are forward-looking, i.e. w = 0, this Phillips curve collapses to the standard forward-
looking Phillips curve (see Rotemberg and Woodford (1997)). If, by contrast, all consumers use the
rule of thumb in price-setting decisions, i.e. if w = 1, this Phillips curve can be made to collapse
into the form of an ‘accelerationist’ Phillips curve. The presence of the term of trade in the Phillips
curve is due to the fact that people consume a basket of goods which includes imports but, of

course, produce only domestic goods.

2.4 The Economy as a Whole
2.4.1 Aggregate Demand

Aggregate demand for country k € {a,b}, is given by a linearised GDP identity:

Yie = 0qChs + 00,CE, + (1 — 0)Gt + 20ncacn Sy (15)

"The derivation is identical to the one in Steinsson (2003), amended by the introduction of mark-up shocks as in
Beetsma and Jensen (2003). A detailed derivation is given in Appendix A.1.



The derivation of this formula is given briefly in Appendix A.2. The parameter 6 denotes the share

of private consumption in output, so that 1—8 is the share of the government sector in the economy.

2.4.2 Aggregate Supply

The Phillips curve equation (14) contains terms in the preference shock . These can be replaced
by consumption, output and the terms of trade at their ‘natural’ levels (superscript n), which is the
level of these variables that would occur in an economy with flexible prices and no mark-up shocks.
Under flexible prices the real wage is always equal to the inverse of this mark-up, see Appendix

A.1. Optimisation by consumers then implies (we assume the production function y; = hy) :

w

Wt Py vy(yﬁt(Z),ﬁkt) M

= = 16
Pyt Prge (1= T)uc(Cf&re) 1 (19
where u, = —(1—¢;) /€ is a monopolistic mark-up, and p* is the employment subsidy for producers.
Linearisation of (16) yields:
~ 1 A1 A Uye  UCE 2
Yk"E + C,?; + anSpy + (v_y — %)gk =0 (17)

2.4.3 Financial Markets

We assume complete capital markets with perfect capital mobility and thus a common nominal

interest rate in the two countries.

2.4.4 Putting things together

We now write down the final system of equations for the ‘law of motion’ of the out-of-equilibrium
economy. We simplify notation by denoting gap variables with lower case letters: for any variable
z = X; — Xt” We use relationship (17) to substitute out the {—shock term in the Phillips curve,
which enables us to rewrite the dynamic system in ‘gap’ form. (We also substitute out for consumer

price inflation in terms of domestic inflation and exchange rates.)

Cat = Cat+1 — 0 (it — T Hat+1 — OnT Hbt+1) (18)
ot = Cpt+1 — 0 (it — QdTHbt41 — T Hat+1) (19)
THat = Xfﬁﬂ'Ha,tH + Xbﬂ'Ha,tfl + KeCat + KyoYat + Ky1Yat—1 + KsSabt + Tay (20)
Trve = X Brmb i1 + XOTHb 1 + KeCht + Kyolst + Fy1Unt—1 — KsSabt + o (21)
Yat = (1 — 0)gat + Oagcar + Oacps + 20magom sapt (22)
ypt = (1 — 0)gue + Oagepe + Ocncar — 20magon Sapt (23)
Sabt = THbt — THat T Sabt—1 (24)

Equations (18) - (19) are the consumption equations for each country from (6), written in terms

of domestic inflation. Equations (22) and (23) are aggregate demand equations from (15). Equation



(24) follows from the assumption of the fixed nominal exchange rate between countries a and b.
From the system it is clear that cost-push shocks 7 are distortionary. The absence of terms in
taste shocks shows that taste shocks alone have no impact on gap variables. However, as we show
below, taste shocks do influence natural levels and therefore the size of the impact of cost-push

shocks on welfare. The tax rate does not appear in the system because consumers are Ricardian.

2.5 Behaviour of the Monetary Authorities

The union central bank uses the short-term interest rate as a policy instrument. As discussed in
the introduction, in this paper we study the welfare implications of conventional policymaking,
rather than seeking socially optimal policy. We thus assume that the monetary authority seeks to
minimise the following traditional, but ad hoc, loss function:

1 e
min & > B [(Tas + mhe)® + 0.5(Yas + bs)?] - (25)

y oo
bsfs=t s=t

In other words, the central bank targets union-wide consumer price inflation and output®. We
take the value of 0.5 for the weight on output variability because this is a conventional value in
the literature”. As we shall see in Section 2.7 the microfounded social welfare function will include
domestic inflation and a more complicated structure of terms concerned with output variability

and inflation persistence.

2.6 Behaviour of the Fiscal Authorities

In this paper, we postulate that the fiscal authorities are never constrained by any solvency re-
quirements: we only study the role of fiscal policy in stabilisation of the economy. We assume
that they adjust disequilibrium government spending so as to target output and inflation (as the
monetary authorities do), and that they also target the primary fiscal deficit. This last assumption
could reflect either a desire to run a balanced budget, or the impact of a regulatory framework such
as the Stability and Growth Pact. We examine implications of this extra component of their loss

function at some length below. As a result, the loss functions for the k—th authority is:

1 (o @]
min =& Y B [7f + 0.5y%, + pdi)] (26)

{gks}git 2 s—t

where d; denotes the log-deviation of the primary deficit from its level under price flexibility. d;

can be found from

Oadit = (1 — 0)gre — Tyt

8Using consumer price inflation reflects current practice among central banks.

See Aizenman and Frenkel (1985), Horowitz (1987). One reason for choosing the weight on output as 0.5 is that
studies suggest that between zero and one the resulting policy frontier is relatively ‘square’ (see Bean (1998) for the
UK, Black, Macklem, and Rose (1998) for Canada and Debelle (1999) for Australia). In this case a policymaker
would avoid choosing an extreme number for this weight.



where, as defined above, 1 — 0 is the share of government consumption in the economy, 7 is wage
income tax rate and d4 is equilibrium level of the real primary deficit!?. p denotes the weight
the fiscal authority places on minimising the deviation of the deficit from the equilibrium primary
deficit. We use the deviation of the deficit from its level under price flexibility rather than its
deviation from the steady state because we believe the former is closer to the Stability and Growth
Pact, although nothing important depends on this judgment.

We assume no other constraints on fiscal policy and no lags in its implementation.

2.7 Social Loss Function

The three policymakers solve their optimisation problems each period, given initial conditions and
time preferences. The resulting optimal policy reactions lead to a stochastic equilibria that should
be compared across a suitable metric. The obvious choice of this metric is the microfounded

union-wide social loss, which takes the form

oo oo
L= gt Z/gs—t (uas +Z/{bs) = gt Zﬁs_tus
s=t s=t

where the intra-period loss Us takes the form (see Rotemberg and Woodford (1997), Beetsma and
Jensen (2003), Steinsson (2003), and Appendix B to this paper for a discussion of the derivation):

Us = A (Cos + ) + Ny (Vs + is) + Ag (925 + 955) (27)
+ AsS2ps + AscSabsCas — AseSabsChs + Ar (THas + THps) + Bar (ATHas)? + (AT mps)?)
o VenCas [ Vit = Gl + Ve Si| + vencs [Vt = City = veoSin |
 Vantias |Clie = Vit + VS| + Vontos [Ch = it = v Sl
+ Vongs | Vs = Gl + Vs + Vanis |¥55 = Gy = v4s s
o Vansans [vss St + (Vi = Vi) = (G = G )|
+ 11y (Vos1 + Y1) + Hyar Yas—1 AT Has + Ybs—1 AT pps) + tip(3)

There are two unconventional features of this loss function. First, terms with p—coefficients
are present only because of rule of thumb price setters. The presence of these terms implies that
inflation and output will be brought back to the equilibrium smoothly. Steinsson (2003) has shown
that when the private sector is predominantly backward-looking, terms with weights denoted by u
dominate the loss function, and that conversely, when the private sector is forward-looking these
u—terms essentially disappear. Second, the terms with weights denoted by v arise, as Kirsanova,
Leith, and Wren-Lewis (2004) discuss in detail, because the economy is open. With taste/technology

shocks it is in general no longer optimal to exactly reproduce the flexible price equilibrium, because

10We assume some positive level of domestic debt in equilibrium, B, and if @ is given, this defines equilibrium 7
and (5d-



changes in the terms of trade alter the impact of the monopoly distortion, and this introduces
‘linear in policy’ terms with a v coefficient.

To interpret the values of the social loss, we can express them in terms of compensating consump-
tion — the permanent fall in the steady state consumption level that would balance the welfare gain
from eliminating the volatility of consumption, government spending and leisure (Lucas (1987)).
As explained in Appendix C, the percentage change in consumption level, ), that is needed to

compensate differences in welfare of two regimes with social losses £; and L5 is given by (27):

(1-5)

g

Q =0 1-— 1 + gt Z/Bs_t (Z/IQS - uls) (28)
s=t

2.8 Policy Game

The focus of this paper is to study non-cooperative game between monetary and fiscal authorities,
in which monetary authorities lead. The monetary authorities move first, taking into account the
reaction of the two following fiscal authorities and of the private sector in both countries. The fiscal
authorities play a Nash game with each other, but they follow the monetary authority and lead the
private sector. The private sector is an ultimate follower, and (as is standard in the macroeconomic
literature) its optimisation problem is solved out and represented by the two reaction equations,
the IS curve and the Phillips curve (18)-(21). All authorities act under discretion, i.e. we solve
the model under a time-consistency constraint. This is most appropriate for our purposes, but we
believe our results would be robust to alternatives.

The solution of a leadership game with two optimising policymakers and the private sector as
an ultimate follower is discussed in Blake and Kirsanova (2003). Here, we extend their analysis,
since instead of one follower we have two fiscal authorities, who both follow the monetary authority,
and are engaged in a Nash game with each other, and then lead the private sector. The Nash game
is studied in detail in the literature on macroeconomic policy coordination, see for example Currie
and Levine (1993), and its solution procedure consists essentially of two Oudiz and Sachs (1985)
algorithms (one for each fiscal authority) which we need to iterate between!!. As our framework is
linear-quadratic, certainty equivalence applies and the policy reaction functions which emerge from

these algorithms do not depend on the size or distribution of shocks.

3 Calibration

Because of the microfounded nature of the model, there are relatively few parameters to calibrate,
given in Table 1. One period is taken as equal to one quarter of a year. We set the discount factor

of the private sector (and policy makers) to § = 0.99.

" Appendix D gives a more detailed explanation.
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Perhaps the most important parameter in our model is the proportion of rule of thumb price
setters, w. Our knowledge regarding inflation persistence is very insecure. All empirical studies
are unanimous in concluding that an empirical Phillips curve has a significant backward-looking
component. The estimates of the exact weight y, however, differ widely. Gali and Gertler (1999),
Benigno and Lopez-Salido (2002) find a predominantly forward-looking specification of the Phillips
curve, while Mehra (2004) finds an extremely backward-looking specification. Mankiw (2001)
argues that stylised empirical facts are inconsistent with predominantly forward-looking Phillips
Curve. Therefore, we calibrate w = 0.5 for the base-line case specification, which corresponds to a
forward-looking coefficient of y = 0.3 in the Phillips curves (20)-(21), but we also look at robustness
to alternative values extensively below.

To calibrate parameter ¢ we follow Stensson’s procedure, which is as follows. The possible range
of values for w in the Phillips curve is 0 < w < 1. As noted above, when w — 0 it collapses to the
familiar purely forward-looking specification of Woodford (2003) 7; = 741 + KeCt + Kyolye + KsSt,
whilst when w — 1, it collapses to my = my—1+(1—7)dz;_1, which is the accelerationist Phillips curve.
The Stensson’s procedure for calibrating § assumes that demand pressure in both these extreme
cases is equal, i.e. it assumes that k.+ryo = (1 —y)d. This equation can then be solved to provide a
value for §. With this choice of § total demand pressure in our general specification is independent of
the number of rule-of-thumb price setters, w, and is equal to: k = ke+ryo+ry1 = (1—7)(1—5) /0.

We follow the literature in setting v = 0.75, which implies that, on average, prices (and wages)
last for one year. We assume that each economy consumes 30% of imported goods. For the
parameters related to fiscal policy, we calibrate the ratio of private consumption to output as 75
percent; and we assume that the equilibrium ratio of domestic debt to output is 60 percent. Then
the debt accumulation equation gives us the equilibrium level of the primary surplus and the tax
rate.

This calibration completely defines the coefficients of the welfare function, which are given in
Table 1. It is apparent that the resulting coefficient on output stabilisation in social welfare, A, is
very small (at around 0.01) compared to the weight traditionally adopted in the monetary policy
literature of around!? 0.5. In order to evaluate the social loss, which results from the optimal policies
which we have designed'®, we calibrate the standard deviations of shocks hitting the economies as
follows. We assume that the standard deviations of cost-push and taste/technology shocks are
equal. This is common in the literature, in which a consensus number is 0.5%, see, e.g. Jensen and

McCallum (2002), Bean, Nikolov, and Larsen (2002)). All shocks are independent.

12This larger conventional value for the weight may result from the involuntary unemployment, a phenomenon not
addressed in our model.
130ur optimal policy is certainty-equivalent: independent of stochastic distributions of shocks.

11



4 Results
4.1 Impulse Responses to Shocks

The solution of this model is a set of optimal reaction functions for the monetary and fiscal author-
ities, given the model structure and the assumption that each country is subject to cost-push and
taste/technology shocks. We display the responses of the economy under these rules to both sym-
metric and asymmetric shocks. We have checked, by examining eigenvalues, that all our solutions
are saddle-path stable.

Figure 1 shows the responses of the economy to cost-push shocks, either symmetric, or asym-
metric. The figure shows the responses for three cases: with stabilising fiscal policy (solid line), with
no change in fiscal policy (dashed line) and with constant fiscal deficits (dotted line). Outcomes
with no fiscal policy change are obtained simply by removing fiscal authorities from the game (so
that government spending is kept constant) and calculating outcomes when only monetary policy
is active. Outcomes with constant deficits are obtained by introducing fiscal authorities into the
game, but placing a very large weight p > 1 on the volatility of deficits in the fiscal objectives (26).
Stabilising fiscal policy similarly corresponds to a small value for p < 1.

The left hand panel of Figure 1 shows that the model produces similar responses of inflation
and output to symmetric shocks in all three cases, that is whether there is stabilising fiscal policy,
or no fiscal policy change, or there are constant fiscal deficits. Monetary policy can deal effectively
with symmetric shocks, and adding fiscal stabilisation to monetary policy produces only small
improvements in the response of inflation, and only small changes in the behaviour of output. But
the differences in other trajectories when fiscal policy is active are revealing. The inflation shock
produces a large fiscal expansion, which in turn leads to a much larger interest rate increase, so as
to discipline the inflation outcomes, which would result from this fiscal expansion. The combination
of a contractionary monetary policy and expansionary fiscal policy in response to a cost-push shock
arises because inflation is more sensitive to consumption than to output. As a result, a tough
monetary policy will reduce inflation through lower consumption, but the impact on output can
be partly compensated for by higher government spending. In addition, movements in the fiscal
and monetary policy instruments affect aggregate demand in different ways: a fiscal expansion
increases aggregate demand now, whereas an interest rate increase changes the pattern of demand
by delaying consumption.

The right hand panel of Figure 1 reports the response with asymmetric shocks. Such shocks
cannot be dealt with at all by monetary policy and Figure 1 confirms this: they produce a zero
response in interest rates. Without any fiscal stabilisation at all the economy experiences significant
oscillations. The reason for this is our assumption of inflation inertia which, in a monetary union,

is an important source of potential instability. Suppose for some reason that output in one country
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is higher than in another. Inflation in that country will then rise gradually (because of inertia),
and the real interest rate will continue to fall, for some period of time. This falling real interest
rate would cause further output gains, which might be so large as to lead to actual instability of
the economy. Even if instability is avoided, the adjustment mechanism is slow and cyclical. This
is because the price level tends to overshoot. The initial rise in demand will cause inflation, and
the level of prices will rise, eventually enough to cause low demand and disinflation. But when the
price level and demand have returned to zero prices are still falling. This will lead to high demand
in the future, which will cause a return of inflation, leading to higher prices again and so on'*. This
is very different from what would happen if inflation was entirely forward-looking. In that case
inflation would jump up in response to the higher demand and then gradually fall, so that the real
interest rate would be higher, helping to bring the economy back to the equilibrium.

Figure 1 shows that active fiscal policy is able to stabilise the economy in the face of such asym-
metric shocks. Without an active fiscal policy the economy cycles. With no fiscal policy change,
an increase in inflation causes such a large output fall that inflation then overshoots downwards,
and the resulting fall in the price level makes output overshoot upwards again, in the way discussed
above. Active fiscal policy makes output recover much faster after its initial fall and prevents the
downward overshoot of prices. We shall see that such active fiscal policy will increase welfare.

What is the analytical reason that fiscal policy can make such a difference to the control of
these asymmetric cost-push shocks? In a monetary union, because of the fixed exchange rate,
the relative price level between the two countries must return to its initial position following a
temporary asymmetric shock. This stabilisation of the price-level is costly because the integral of
relative inflation, rather than its level, has to come to zero following a shock. In effect the monetary
union is forcing the economy to operate like it would with price level targeting; inflationary bygones
cannot be bygones. Fiscal policy can help to prevent excessive costs of this. It cannot circumvent

the constraint — but it prevents overshooting in response to it!’.

4.2 Welfare Outcomes

Overall Figure 1 suggests that there might be a substantial gain in welfare from fiscal stabilisation
against asymmetric shocks, since volatility obviously falls. We now explore the size of the gain.
We hit the economy with both cost-push and taste shocks: as we noted above taste shocks on their
own would have no effect on welfare, but they do influence the size of the impact of the cost push
shocks. However, our results would be virtually identical if we hit the economy with only cost-push

shocks.

"For detailed dynamic analysis of instability mechanisms in a monetary union when inflation is persistent, see
Kirsanova, Vines, and Wren-Lewis (2004).

""In the language of Phillips (1954), fiscal policy provides ‘derivative control’ which greatly improves the behaviour
of the system as it returns to equilibrium.
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The upper panel of Figure 2 shows how the social gain varies as we vary the level of fiscal activity
i.e. as we vary the weight p on the volatility of deficits in the fiscal objectives (26). We plot the
level of social gain for a particular value of p against a measure of the level of fiscal activity for
that value of p. The measure we choose is the the standard deviation of the fiscal deficit measured
as a percentage of GDP, sd(d)/Y. Values of the social gain are plotted as a percentage of steady
state consumption. The benchmark case is the case when fiscal policy instruments are constant
(dashed line). The case of constant fiscal deficits is shown as point A, and starting from this point,
along the solid line fiscal policy becomes increasingly active. We also plot the case where there are
no shocks (dotted line) and the case of cooperation of all three authorities in pursuit of common
social objectives (dash-dotted line).

It is apparent that the policy of constant government spending delivers very similar outcomes
to the case with constant fiscal deficits in the case of symmetric shocks, and actually does worse
when there are asymmetric shocks. This is not surprising; automatic stabilisers are unlikely to be
helpful with Ricardian consumers.

The gain from active fiscal stabilisation against asymmetric cost-push shocks is substantial: a
level of fiscal activity that produces a standard deviation of 0.9% for the fiscal deficit corresponds
to a gain in consumption of around 0.94%. The gain from fiscal stabilisation against symmetric
shocks is a lot smaller, 0.31% of consumption.

The highest line indicates the consumption gain if shocks in the economy could be entirely
avoided, relative to the case with automatic stabilisers and shocks. Thus active fiscal policy delivers
more than 30% of the gain which would happen if there were no shocks in the case of asymmetric
shocks and 22% of this in the case of symmetric shocks (after the monetary policy have eliminated
some of them of course).

For both symmetric and asymmetric shocks, there is a substantial gap between the maximum
gain that consumers can achieve if the autorities non-cooperatively maximise realistic but ad hoc
objectives as we suppose, and the gain that consumers could obtain if the authorities cooperate
in maximising social welfare. This is due to two factors: the absence of cooperation and the
difference between the objectives of the authorities and social welfare. Experiments with varying
the coefficient on demand pressure in the Phillips curve x (which also changes the weight on output
stabilisation in the social objective relative to the weight on inflation stabilisation), suggest that
this gap is mostly explained by the differences in objectives. We discuss this issue in the next
section!6.

The lower panel of Figure 2 shows the breakdown of the loss as the level of fiscal activity

16Tt is problematic to try to solve for a non-cooperative outcome where each player uses social objectives. Social
welfare metrics for an individual open economy and for a monetary union as a whole are different. When deriving
either of them, we would have to make an assumption about who chooses employment subsidies (national governments
or union authorities). Whatever choice we make, one or the other metric would contain linear terms, that implies a
departure from the linear-quadratic framework.
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varies. The two pictures in this panel show, for each level of fiscal activity, the social loss that is
due to its main components: inflation, the change in inflation, government consumption, and the
rest (output, consumption, term of trade and their cross-terms). The picture on the left looks at
symmetric shocks, and the right panel looks at asymmetric shocks. It is apparent that in the case
of symmetric shocks, as fiscal policy becomes more active, increasing costs of fiscal volatility are
substituted fora reduction in costs arising from the volatility of inflation. In the case of asymmetric
shocks, the composition of costs remains more stable. Comparison of both pictures, where the
standard deviations of the shocks are the same, suggests that the majority of losses are from
asymmetric shocks, even if active fiscal policy removes a large part of them.

We now explore how these results vary as we change the parameters of the system. We focus

on asymmetric shocks as fiscal policy is most important in this case.

4.3 Sensitivity of the Results: the Importance of Persistence and Lags

The improvement in responses to asymmetric shocks, and so the improvement in welfare, brought
about by active fiscal policy, depends crucially on one key parameter in the model: the proportion
of rule of thumb price setters w. In Section 3 we argued that our knowledge about this parameter
is very insecure. We now discuss the implications of changes in this parameter for our results. We
also consider the implications of longer lags between demand and inflation.

Table 2 shows the welfare changes for different fiscal regimes and parameterisations of the
model in terms of the equivalent gain or loss in consumption measured as a percentage of GDP.
Column (1) shows the change in steady state consumption, which is equivalent to the change in
welfare, in moving from no-change policy to a policy of constant deficits. Column (2) shows the
gain from moving from a policy of using automatic stabilisers to a policy regime in which fiscal
policy is active. In column (3), we show the consumption gain that would be obtained if there were
no macroeconomic volatility (i.e. if there were no shocks), again relative to the no-change case.
Comparing column (2) to column (3) then shows the proportion of the total costs of macroeconomic
volatility, caused by asymmetric shocks, that can be eliminated by using active fiscal policy.

The first row shows the base-line case described above. The second and third rows of Table
2 show that when the proportion of forward-looking individuals, 1 — w, is large, the potential
gains from fiscal stabilisation are small. As we would expect, the large fraction of forward-looking
price-setters implies that relative prices in the countries of the union adjust quickly, and hence
asymmetric shocks die out quickly, without any policy intervention (seeDuarte and Wolman (2002)
and Smets and Wouters (2003) for example). However, we might still expect some fiscal policy
reaction to dampen the impact of the cost-push shock. Its almost complete absence here can be
entirely explained by the relatively small weight on output in the Phillips curve. In equation (20),

when all firms are forward looking the parameter sy is of the order of 0.01, while the parameter x.
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is four times larger. After allowing for interrelationships between consumption and the exchange
rate, the coefficient on the policy instrument g is around 0.003. Very large changes in government
spending (and output) would therefore be required to counteract the impact of a cost-push shock.
As long as government spending and output have some weight in the welfare function, optimal fiscal
policy will do very little to offset cost-push shocks when inflation is completely forward looking.!”

The fourth row of the Table investigates the sensitivity of our results to the size of the demand
pressure terms in the Phillips curve. When coefficient  is increased!®, the welfare gain from fiscal
stabilisation remains substantial. In this case the gap between the gain that consumers can achieve
if the autorities non-cooperatively maximise realistic but ad hoc objectives, and the gain that
consumers obtain if the authorities cooperate on maximising social welfare is 0.2% of the steady
state consumption, compared to 1.12% for the baseline case. This suggests that the loss from
non-cooperation is of lower order than the loss due to differing objectives.

The fifth row of the table shows the results for the base-line level of the proportion of backward-
looking price setters but with a lengthened lag structure on the demand terms in the Phillips curve.
The motivation for this experiment was to see if any additional lags introduced in the specification
of the inflation equation might alter the stabilisation properties of fiscal policy'®. The effect of this
is to redistribute the lagged output terms in the Phillips curve (due to backward-looking price-
setters) from all being at a lag of one quarter to half being at a lag of one quarter and half at a

20 Empirically, this is plausible and seemingly small change. It causes fiscal

lag of two quarters
policy to have a much larger welfare impact. In this case, the welfare gain from fiscal stabilisation
is substantially higher than in any other cases shown, and active fiscal policy is able to remove
effects of around 50% of all shocks?!. Without fiscal policy, the lengthening of the lag structure
causes the economy to have a very prolonged cyclical response to asymmetric shocks. When the
system is close to being unstable without fiscal policy, the fiscal stabilisation then produces very

large welfare gains®?.

Y7Tf welfare is given by 7% + ay?, and inflation by m = ¢y + 7, then if y is an instrument and 1 = 1, the loss under
the optimal policy will be a/(a + ¢?), compared to 1 under no control. Thus if c is small, the gain in welfare from
choosing optimal y will be very small.

'8 To examine this case we calibrated x = .25 first, given w, and then derived corresponding 4. This resulting &
affects coefficients of the social loss function, so the sum of A-coefficients there also increase substantially and becomes
close to 0.16, compared to 0.06 in the original calibration.

Y¥Frequently in the literature, when the Phillips curve is calibrated to be predominantly forward-looking, in order
to achieve realistic hump-shaped impulse responses in simulations, researchers use autocorrelated shocks, that is
equivalent to including arbitrary lags in the model (Smets and Wouters (2002), for example). Bean (1998) argues
that it takes a year for demand to affect inflation.

20Basically, instead of term ...Ky1y¢—1 in the Phillips curve we have ...k51y:—1 + Kyoyt—2 , With k51 + K2 = Ky1.
The welfare measure takes into account the new specification, see Additional Appendix. (The numerical experiment
here assumes Ky = Kyo = ky1/2)

2IThis figure becomes 70% if we also set k = 0.25.

22The ability of lags to cause a system to become more and more volatile has a long history in economic literature
(Phillips (1957)). For an exposition of the use of control methods to derive PID control in economic systems see
Vines, Maceijowsky, and Meade (1983).
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5 Conclusion

This paper shows that the active use of fiscal policy in a monetary union can result in a significant
increase in welfare. This welfare gain is mainly brought about by the ability of the fiscal policy to
mitigate the effects of asymmetric shocks cost-push shocks.

We find that the importance of fiscal policy for stabilising asymmetric shocks depends to a large
extent on the structure of the Phillips curve. When there is persistence in inflation, outcomes with
fiscal stabilisation produce significantly lower social losses than a fiscal policy with constant deficits
or one with constant government spending. We also find that fiscal stabilisation is more important
when there are lags in the effect of demand in the Phillips curve.

We have examined fiscal policy that is the outcome of optimisation by the fiscal authorities,
rather than studying fiscal feedback rules. Our setup is a suitable one to explain the behaviour of
fiscal authorities who are given an objective, such as helping with stabilisation without exceeding
certain deficit bounds, like that contained in the Stabilisty and Growth Pact. An alternative
approach would be to supply fiscal authorities with a (state-contingent) rule. This could either
be one with given coefficients, or the authorities could be required to choose the coefficients so
as to maximise a social objective function. All of these approaches assume different institutional
structures, and it would be interesting to compare their relative merits. In particular, the use of
specified rules could help capture any institutional lags or rigidities that were thought to characterise
the operation of fiscal policy.

Finally, this research does not take into account many of the reasons why restrictions on fiscal
policy might be desirable. For instance we do not take into account the possibility of fiscal insol-
vency, or the political economy factors which might lead to ‘excess deficits’. If fiscal policy had
small welfare advantages in terms of macroeconomic stabilisation, then one could argue for tight
fiscal restrictions to address these problems. However, we have found that fiscal policy can play a
very important role in macroeconomic stabilisation in a monetary union. We therefore argue that
any regulatory framework for fiscal policy should allow it to play a substantial role in stabilising

the economy.
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Key Parameters Mnemonics Value
Discount factor B 0.99
Share of rule-of-thumb price-setters w 0.5
Proportion of agents who able to reset their price within a period 1—7 0.25
Share of the government sector in the economy 1—0 0.75
Steady state ratio of domestic debt to output B/Y 0.6
Intertemporal substitution rate o 0.5
Elasticity of substitution between domestic and foreign goods i 0.3
Average elasticity of substitution between domestic goods € 5.0
Production risk aversion 1/¢ 0.5
Share of domestic goods in consumption basket ay 0.7
Implied Parameters in system (18)-(24) Mnemonics = Value
Tax Rate T 0.256
Steady state ratio of primary real surplus to output 04 0.006
Total weight on demand pressure in the Phillips curve K 0.061
Weight on forward inflation in the Phillips curve X 0.3
Weight on the country’s term of trade in AD 20nago, 0.09
Implied Parameters in the Social Loss Function (27) Mnemonics Value
Consumption variability Ac 0.007
Output variability Ay + g1 0.007
Variability of government consumption Ag 0.002
Variability of inflation growth rate KA 1.33
Covariance of the first lag in output and inflation growth rate Pyl A 0.16
Sum of demand-variability related terms A 0.017

Table 1: Parameter values

Key parameter  Implied | Constant deficit Active fiscal policy No shocks
values % K % % %
(1) (2) 3)

w=0.5 0.3 0.06 0.18 0.94 3.12
w=0.3 0.5 0.06 0.03 0.03 0.91
w=0.15 0.7 0.06 0.004 0.004 0.34
w = 0.5* 0.3 0.25 0.14 1.13 2.25

w = 0.5 and 0.06 0.06 1.42 3.70

demand lags

*— This is different from the first row, as we use the different way of deriving k, as clarified in
Footnote 18

Table 2: Welfare relative to that with Constant Government Spending: Consumption gains. Asym-
metric shocks
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Symmetric Shock Asymmetric Shock

Figure 1: Response to cost-push shocks. Solid line denotes optimal policy, dashed line denotes
policy when the budget is close to balanced every period, and dotted line denotes policy with
constant government spendings.
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A Dynamic System

A.1 Price-setting decisions

Pricing behaviour is modelled as in Rotemberg and Woodford (1997) and Steinsson (2003). House-
holds are able to reset their price in each period with probability 1—- in which case they re-contract
a new price PII; . For the rest of the sector the price will rise at the steady state rate of domestic
inflation Iy with probability v, Pry = gk Prie—1-

Those who recontract a new price (with probability 1 — ), are split into backward-looking
individuals and forward-looking individuals, in proportion w, such that the aggregate index of
prices set by them is

Plige = (Pi) '™ (Piie) (29)
Backward-looking individuals set their prices according to the rule of thumb:
. Yit—1
ngt = P11 mwe—1( n )6 (30)
Vi

where Il gp = PL,;Z{% and Y}} is the flexible-price equilibrium level of output.
We define log deviations from the steady state domestic price levels for both types of price-
setters as:

R PE . PE
B Hkt F Hkt
P = In Prin’ Py =1n

Pryt
Production possibilities are specified as follows:

Ykt (2) = hie(2)

The cost of supplying a good is given as Cost(z) = l%wwks(z)hks(z) = l%wwks(z)yks(z), where p%

a labour subsidy. We do not assume any other taxes and labour is the only cost to the firm.
Each producer understands that sales depend on demand, which is a function of price. Intra-

temporal consumption optimisation implies

~ (pEr(2)\
Yks(2) = o Y.
Hk
so with price flexibility a producer that wishes to maximise profit (in square brackets below) will

choose a price at ¢t that maximises

1

max th'Y Rts |:ka75( )yks( ) M_wwks(z)yks(z)]

PHKt(2) s—t

This implies the following first order condition:

. . €k 1
0=2¢& Z’V i (2)ResYis Piiyg [kat(z) + mﬁwks(z)]
where p,, = — 1i’“:k -. This condition holds for both flexible and fixed price equilibria. However, for

the fixed price equilibrium, the wage rate is a function of price, set at the period t. Substituting
for the wage rate, we get a final equation for the optimal pyx:(z) = pky,(2)

o ((B2) 7 Vi)

Py

(1 - T)UC(C]iy gks)

—€5— 2\ s
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where T is constant wage income tax. The linearisation of this equation can be found in Rotemberg
and Woodford (1997) for the closed economy case. We briefly repeat it here for the open economy.
First of all, the term in the square brackets vanishes in equilibrium so its deviations from the
equilibrium are of first order. Therefore, all products of it with terms in front of it will be higher
than of first order, unless the first term is taken at its equilibrium level, which is (y3)*~¢, up to
some constant multiplier.
Linearising the term in square brackets yields:

Uy((%ﬁf?) Yk&fks)
UC(Cksa fks)

R ~ € /. ~ N 1~ 1 -
= (1 - T) (kat(z) - PHks + — (prkt(z) - PHks) - anSkTgS - EYks - ;Ck:s

0
—<%—%>ék — fks)

ks

(1 = 7)pakt(2) — Z—wpks

Uy uc
where S’k,; = i—gf is the term of trade and 0 = —uc/uccC, ¥ = vy/vy,Y. We also substituted
%ﬁ% = (1 —7) in all coefficients.

We solve out this equation for prices and, using the fact that Y oo, (y3)°" an_:tl T Hkttm =
ﬁ >0 (vB8)™ T Hkt+m We obtain the following formula for the forward-looking individuals:

Phie = 308 T + 20 D208 S (1)
m=1 s=t

1.~ 1~ v
—Ys + ;C'ks + (iﬁ

_ “C_C)A
(0 Uy uc

+ gks + ﬁks]

Here ozngk,; comes in as the result of the wedge between consumption of the CPI basket and the
production of domestic goods and different prices set on them. The constant tax rate, 7, does not
enter the final formula when written in log-deviations from equilibrium (see Benigno and Benigno
(2000) for a similar derivation).

This can be rewritten in a quasi-differenced form as:

Py = VBPfs1 + V87T 1 (32)
1—9p & le, 14 Uye  UCC\: | o
1T < (anskkt + Eth + =Gt + (i - W)gkt + Tkt

This formula is not the final Phillips curve, but Steinsson (2003) shows how it can be used to
derive the final specification of the Phillips Curve, where we have rule-of-thumb price-setters. Our
derivation is identical to his, so will not be repeated here. Formula (32) demonstrates how mark-up
shocks enter the Phillips curve. It also demonstrates that the constant wage income tax 7 has no
effect on the dynamic equations for log-deviations from the flexible price equilibrium (although it
alters the equilibrium choice between consumption and leisure for the consumer).

Finally, the Phillips curve can be written as

THkt = XBTHkt+1 + (1 — X) THEt—1 + KeCht + KyoUkt + Ky1Ykt—1 + KsSihe
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where coefficients are

_ (1 —w) o - (1-w)d =981 —7)v
Y1 -w)+wl+98) " (Y(1-w)+wl+78) (Y +e)o
(1—w)(1—y8)(1—9) _ w(@+98)(1—7)

T I rel+B))@ + 0 T A1 —w) +w(l +708)

(1 =981 =71 - w)y(d - aq)
(V1 —w) +w(l+78)) (¢ +¢)

Rg =

A.2 Aggregate Demand
Aggregation implies:

Y = Co + Cff + G (33)
Its linearisaion up to second order yields

N . 1. NS i 1.

Yis + §Yk2$ = 00q(Crks + §Cl2fks) + 0 (Cs + 50#133) + (1= 0)(Grrs + §G%{ks)
On the other hand,

Cr = Cui + Chy (34)
and its linearisation up to second order yields:

A A L o A [ L 2o

Now we substitute consumption into the aggregate demand and obtain:
. . A 14 14 1.
Vi = 0Ck + (1= 0)(Gry + 5Gin) + 05CF = 5V
e 1 e .
+ 90471(0;‘}2 - CHE) + 590‘%( #Ig - C?{/})

Now, the exact relationships between consumption are

P -n
Crr = (%) Ck, (35)
k
We also have ezxact price indexes
P = (auPL" + an P ™5 (36)

We linearise them and substitute in aggregate demand and assume symmetric countries. We finally
obtain the linear aggregate demand relationship:

ffk = Hadé'k + Hané'g +(1- Q)th + 297701(101715'“‘6,
and its second-order version:
Vi = 0ayCh + Hané’,; +(1- H)Qk + 2977045104715’,6,*C (37)

1 - 1 - 1.~ 1 A A A oA
+ 590@0;3 + 5901”0]% - EY’“Q + 5(1 —0)G2 + OagannSC; + OagannSy;Cy
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A.3 Risk sharing condition

From the first-order conditions it folows that
uc(Crep1) P 1 uc(Cryy1)  PrEy 1

= —, = , 38
uc(Crt) Prtt1 1+i uc(Cr) PrprEir (1+1de) (38)
Divide one by another to get
uwo(Cr &) u0(Crerrs Epet) (30)
Qiuc(Crt> Ekt)  ue(Cregts Eprr1) Qert
As we only consider temporary shocks we can iterate this forward to obtain:
Crs &1 Chivm: &R

uc(Crys $rt) _ uc( Et+m §kt+m) — Dermm (40)

Qruc(Chre, Et) B UC<Ck‘t+m7§kt+m)Qt+m

where m is large.
We want formula (40) to be written using the terms of term of trade, not the real exchange

_ L 1-
rate. Using Q = (ay, + OédS,i,; 1) (o + O‘”SI(cE K

)_1%"1 we obtain the linearised version of (40):

. . A 1 . 1 - A 1, A

Cr = Cj + 0 (0a — o) Sy + 50 (0 — an)” S = SCF — Ay, + SHC (41)
A A s oA p - 1 .2 1 »2 A 5 -

— (aq — ) CSif, — (@a — an) g€kt — 9(&x — &) — 5908, + 5985 + ACRER — Ortm

Here @t+m can be treated as a shock, because by sufficient iterating forward, we make Clsym,
Qt+m close to terminal conditions, which are explicitly defined for jump variables Cjyy,, and
relative prices.

A.4 Useful relationships

We can find S‘k,; from the risk sharing condition (41) and substitute it into aggregate demand (37),
k € {a,b}:

N 2amm A 204 A A
Y. = 1+ —F n|ll——m—m— T 1-— 42
A 904d< +O’(Oéd—04n)>ck+9a ( U(Oéd—()tn)>ck+( G)Gk ( )
— Oagann (g — ) 5% + 0 an—77b+1 C? + ba 1 __oab 2
dOml) \Qd = On ) Dpg TV (g —ay)  2) 7% "\2 o(ag—an)) F
20 g0,md A, o 200g0,m (g — ) 5 4 loag 1 9
2TdTnl S Iy24 (11—
o (ad — an)cké.k + o (ad — an) ggkskk 2 kT 2( Q)Gk

20a0ganmg 4 A 1 20aqanmga 22 1 20qannga »2  20aqannd 4 4
+— & = &)+ = - = L — Ciéx
7(0a—an) T 200, -0 T 2 (0r—an) T 7 (aa—an)
2\ . A A 204 -
+ Oagaym <1 + —) CrSip + 0cqonnSkCr, + A@,yrm
o o (ag — ap)

We can take the sum of relationships (42), written for both countries a and b, and obtain the
following formula

(Cor &) =1 (i) D (G ) -5 (24 7) (13)
+ QLQ <Ya2 + Yf) - % (1 ; 9) (éﬁ + GZ) + 20qanm (g — ) Sﬁb

- éb) S + tip



where tip are terms intependent of policy (including @t+m). We use this formula later in the text.

A.5 Government expenditures in flexible price equilibrium

As the aggregate demand relationships, the labour market equilibrium condition and the risk shar-
ing condition always hold along the dynamic path of adjustment, then we can differentiate them
with respect to government expenditures, to obtain relationships which will be valid along the
solution to the dynamic system.

We differentiate each of these relationships with respect to G, and G,. We present equations
differentiated with respect to G4, and those differentiated with respect to GGy can be written in a
symmetric way:

-n xb \ —7
o) o ()5

B P, ) 9G, Bt )  9G,
- Pua\ % PN 08,
n a Ha a
+ nanagS,, (C’a (_Pa ) + Gy ( P ) aa, +1

8}/17*b B PHb -n aca N Pltfbb —77%
G, "\ P, ) 9G, ""\Pp®) ada,

P\ P\ as
_ 2+n Hb Hb ab
1S (O“ ( P, > G < Py ) 0G4
Differentiation of the risk sharing condition yields:

OCy
0G,

_ (1-n) by—1 n0Sap uc(Cat, Eat)
= ((aa(agSyy, " + o) (a+ anShy ™) L) S, G, uoe (Cor. 1)

_1 1
+ )T (ag + anSab T

UCC(Oata gat) 8Cat (1-n)
Yap(gS
ucc(Cot, Epr) 3Ga) e

Differention of the labour market equilibrium condition yields:

p (1 —7) 8Ca P, 0Y, (Pa >" 9S4

1 8GauCC( at>£at> P OG 'Uyy( atvgat) + Sabn P_Ha ana_Gavy(Yat7£at)
(1 _ T) 801) Pb 8Yi, o1 Pb n aSab
—Mt aG, ucc(Cut, §pr) = P a—Gavyy(YEta Eut) — S n P_‘ﬁb ana—Gavy(th, Eve)

. ionshing g ; . .. OSq 9Yq OY, 9C, OCh,
These five relationships can be solved with respect to five unknowns: 3#%, 56%, 55%, 56% a6

as functions of Cy, Cy, Sgp.

Additionally, in equilibrium (including flexible-price equilibrium), a socially optimal fiscal policy
should aim to maximise union-wide social welfare, subject to static constraints (aggregate demand,
risk sharing, labour market equilibrium condition). As derivatives of these constraints are all equal
to zero along the dynamic solution then

82(1 [U(Cm ga) + f(Gaa £a) - U(Ya, fa) + u(Cb>€b) + f(Gb; é’b) — U(angb)] (44)
(Cayfa) s + fGa (G“’éa) - (Yavéa) oY + UC(vagb) Ca vy(%,fb)g_c}j; =0
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. Y, Y, 9C, 9C, . L
We can substitute formulae for G- 5 36~ oc-  The resulting formula can be linearised

around steady state to yield: ’
kel + Grest = GR + grsSix + eCR + 97 Cy + gy Vi + 97, Y (45)
in the flexible-price equilibrium, labelled with superscript ™. In this formula

o (Y400 — 0y, (Y + 00) — 20040 (0 — 1) (1 — 0))
(0o + V) (—4agh (6 —n) (1 — ag) + ¥ + bo)
 200an04(0—n) (1 —0) 4 0aq (v + 00)
Ik = (9o + ) (—dagh (o — ) an + ¥ + 00)
20aq0,0n
(—40aqau, (0 —n) + ¢ + o)
Ooa, (20 (0 —n) ag — (¢ + 00))
(0o + ¥)(—40aqan (0 — 1) + ¢ + o)
 Boag(20 (0 —n) oy — (Y + 60))
ke = (90 + ) (—40cqan (0 — 1) + ¥ + 00)
B o(¢+ 00 —20(c —n)agay)
Ik = (00 + ) (—Aagand (0 — 1) + & + o)
o 200an04(0 — 1)
Ky = " (0 + ) (—dagamd (o — ) + 9 + 00)

gk5:1—0—

Gks = —

Gkc =

B Social loss function

The one-period social welfare function can be obtained by linearisation of the one-period welfare
function in (1) up to the second-order terms (we assume symmetry):

weB[Ct+ Gy 21— L) (621 62) + U (68, + Chi
Wat Wi = ucflCa+ Gyt 5 (1= ) (G2 4 GF) + 25 (Cua + Cofy )] (46)

A A 1 1 A2 A2 fGé A g A g
+Gfol(Gat Go) + 500 ) (G2 4 GR) + T (Cula + Gy
~ ~ v 6 A A A A
—vy[( Yo+ Y5 ) + =5 (Yal, + i€
(Va+ 15) + 2 (Vb + Vi)
1 L, /e9 oo 1.1 1 . . .
+ 5(1 + E) <Ya +Y; ) + §(E + E) (var,gq(z) + var,gp(2))] + tip
where we assumed 0 = —uc(C, 1) /ucc(C,1)C = —fc(G,1)/ fac(G,1)G.
We need to find an expression for v, /ucC and fg/ucC. The first condition follows from the
steady state condition

uc 1

U_y_:uw(l_T) (47)

and in order to derive the second expression we closely follow Beetsma and Jensen (2003). The
second steady state relationship is

fe Yl —1)/p+00
o™ (W + 60) (48)

and it is obtained from formula (44), where all values are taken at steady state.
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We now need to derive a formula for var,y(z), along the lines of Rotemberg and Woodford
(1997) and Steinsson (2003). This leads to the formula (for country k):

€ v 9 w 1

varzg}kt(z) = (1 — 7/8)(1 — ’Yﬂ-Hkt + mm

(1—7)0%yp 4 + (

(AWHkt)2

+

2w
00Ukt —1 AT F1t)

(1-w) 1

We now substitute consumption from formula (43) into (46) and, using (47) and (48), obtain:

Wa + Wy = ucCly (1 - M) (Fat73) -5 (€2 +63)

0 7 20
1—-6 w1l — N ~
O Gl (u ( T)_1> (GHa+GHb)
9<1+a% H
11 pA=T) 0 L (g2 e o) 82
+20<1— . (1+¢)> <Ya+Yb>+2annad(ad an) Sap

— %annad (Ca - C’b) Sab + 2%77%1;_6; (éa - 51)) Sab

1a-9) (40l

T3 (1+a%) (1=2)-1 (G%’“JFG%{”)
A8 (G, + 0uf) + 0TI (5, 4 i)
pr(1=7) 9
) (008

Now, if the government removes monopolistic distortions and distortions from labour income tax-

ation in the steady state using a subsidy p% = T—Lr)’ then the welfare function does not contain

—~
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linear terms. The expression for welfare simplifies to:
Wi + Wi = —ucClU, = ~ucC [ <((§a ~en) 4 (G- ég)2> (49)
50 ((Y v ) (Yz - Y;,”)2> + % <(Ga — G+ (Gy — G;;)2)
— 2amnad (g — an) (Sab - Az}b)Q + M (Sab - Sg,,) (C‘a - ég)
e (5, ) (61 i)

g

__ 9
o+ o)

0 N N .
sl (oY = 0Cy — an (0 — 2 w + ) n0a) )

)
W i o i (W +0)
_ uGa [Ya" — GZ + Yan, Ag‘b} — (TJ))GZJ [Y},n — G(r; - T/Janggb}

C, [affa” — aég + ay, (Yo — 2nag (Y + o)) Agb]

e angggb} . [Yb —Cr anaégb}

(v +o0) (v

29770%05 an on N An An

(,(/)_‘_ )dSab [2 ((Oéd—Oén) (TIJ—FU) +anw) Sab"' (Ya _)/;7 ) - <Oa _Cb>}
V(D35 + )+ Va5 + 2]+ in(3)

where we substituted natural rates for taste/technology shocks, using formula (17). This is formula
(27) in the main text.

C Compensating Consumption

Having computed the social loss in stochastic equilibrium for an optimal policy, we can give an
interpretation of losses in terms of ‘real world’ variables. This optimal policy results in stochastic
volatility W of the key variables and steady state level of consumption C' . We now find percent
reduction in steady-state consumption under the benchmark policy that makes household as well
off as under our optimal policy. This benchmark policy is with no stochastic volatility, but results
in a new steady state level of consumption of C' 4+ QC. We determine the percentage change in
consumption {2 such that we have the same level of welfare under both policies. A form of utility
function is not assumed known, but uc(C,1)/ucc(C,1)C = —o in the steady state.

Formula (49) shows that the level of the welfare (to a second order approximation) of a social
planner in a monetary union of two identical countries can be written as

L = & i B (2u(C, 1) +2£(G, 1) — 20(Y, 1) — uc(C, 1)CU,)

s=t
— 1 E ,3 (U(C> 1) + f(G, 1) — U(K 1)) _ CUC(C, 1)£t Zﬁs_tus
s=t

where U is intra-period value of the social welfare function and C, G and Y refer to steady state
levels of consumption, government spending and output. Under the benchmark policy there is no
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volatility, Us=0, so:

Ly = 1 E 5 (u(C+QC, 1)+ f(G,1) —v(Y,1))
= % (u(O, Hea <1 - %) +u(C,1) + f(G,1) —u(Y, 1)) +0(Q0)

An individual will be indifferent between these two policies when

Q<1_£> + (1_B)St265—tuszo
s=t

20 2

which is an equation for 2. The relevant solution is:

1_ (o.]
Q—o1- |141 06)5};58—% (50)

We find & S, 35U, using the procedure outlined in Currie and Levine (1993), see the
working paper version of this paper for details (Kirsanova, Satchi, Vines, and Wren-Lewis (2004)).

D Policy Game

D.1 Canonical Form of the Model

The system (18)—(24) can be written in matrix form as:
OZ1 = AZy + BUEF + DUM + 6114

where Z, = (Y/, X}), Y; is a vector of predetermined states and X; is a vector of non-predetermined
states; UM is monetary instrument and UJ" = (UM, UAT') is vector of fiscal instruments for the
two countries; &; is a vector of disturbances. If  is invertible, we multiply both sides by Q7! to
come to the canonical form representation:

Zi1 = AZ + BUF + DUM + vy (51)

The central banks’s loss function (25) is written in terms of goal variables, G}, which can be
linked to the state variable Z;, as GM = CM Z;, so that the welfare criterion (25) can be presented
as:

: 1 S s—t ~M!I M ~M
{Urﬁl}%ij&;p GYoMa) (52)

— {Urﬁi}n %& > B ZiQM Zo + 22, PMUM + UM RMUM]
S s=t s=t

Optimisation problem of fiscal authorities in country A can be written as (see formula (26)):
1 oo
min =& sftGAF/ AFGAF 53
(Uarye, 2 @/3 SOTG (53)
1 [e.9]
= &) BTZQN Z+ Z P UL + USPAT 2+ U RATUY]

s=t
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In country B the problem is symmetric with QPF, PBF and REF.

We solve the problem of finding the optimal path for instruments {UM, UAF UBF}2, such
that they would minimise criteria (52) and (53) subject to the constraint (51) and information
structure.

D.2 The Follower’s Optimisation Problem

We modify the procedure, explained in Blake and Kirsanova (2003) to account for the two Nash
fiscal authorities. For more details see also Appendix to Kirsanova, Satchi, Vines, and Wren-Lewis
(2004).

In the world where authorities cannot precommit, and in a linear-quadratic setup, the optimal
solutions belong to the class of linear feedback rules. Being a follower, the fiscal authorities observe
monetary authorities’ actions and react to them, UtAF = —FAFYy, — LAUtM, UtBF = —FBFy, —
LB UtM . However, they do not respond to each other’s actions, as this is a Nash game.

Solution of this game requires representation of the private sector’s beliefs about monetary
authorities as UtM = _—FM Y}, so their decisions can be represented as X; = —NY;, see Blanchard
and Kahn (1980). Then it is possible to represent X; = —JY; — KAFUAP — KBEUBF — gMyM,
as did Oudiz and Sachs (1985).

The cost-to-go from time t for country A satisfies the following dynamic programming equation:

1
Wi =5 (2@ 2y + ZPATUS + USPA 2, + UTRATUT) + Wi (54)

that can be brought into a recursive form for matrix S :

8= Q= (FAF — LFMYUR - Up(PAY — LFM) (55)
+ (FAF — LFMY RS (FAY — LFM) — U5 FM — FM'U3;
— B[((A11 — BioFPFY — (J — KBFFBF) 19)
— (FA — LFM) (B — A K4F) — FM'((Dy — Bio LY
(KM KBFL) )]St+1[(311 o AlQKAF)(FAF o LFM)
— ((A11 — B1oFPF) — App(J — KPFFPE))
+((D1 = BioL) = App(KM — KPP L) FY]

and we can obtain an update on FAF and L5:

FAF = (Rs + 5(311 — AngAF) StJrl(Bll — AngAF)))_l(Ufrl—F (56)
+ B(B1y — A1 KATYSUY (A — BioFBE — Apy(J — KBFFBEY)
= (R* + B(B11 — AieKAT) S (Byy — A KAT)) 7 (Pl+ (57)

+ B(B1y — A1 KAFYSY((Dy — BiaL) — Ajp(KM — KBELY)

where all matrices can be obtained from those used in (52), (53) and (51). Similar formulae can be
derived for the other country, country B.
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D.3 The Leader’s Optimisation Problem

Formally, GM = CcM[Z!,UF", UM, and when monetary authority moves it knows the fiscal au-
thorities’ reaction functions, UAY = —FAFY, — LAUM UBF = —FBFY, — LBUM. Therefore,

G =cMz, oMY (58)

Their welfare criterion (52) can now be rewritten:
L O gt M1 M oM
5815 Sz::t Bs (Gs Q Gs ) (59)

= &Y B2 7+ ZPMUN 4 UMPMZ, 4 UFRMUM)

s=t

Constraint (51) is also modified:
Zyy = (A=B[F,0") Z, + (D - BL) UM + v414 (60)

Optimisation problem (59) and (60) is a standard problem of discretionary optimisation and
solution algorithm is well known, see Oudiz and Sachs (1985), or Soderlind (1999) for a recent
version.

D.4 Iterative Procedure

Finally, the problem can be solved iteratively. We start with initial guess of F; (](\)4), E (Ig) and L. We
substitute these matrices into the routine which solves for the optimal response of fiscal authorities,
(56)-(55) and similar equations for country B. We will improve Fg) and Ly but not F(](‘)/‘g. We
then take into account the reaction of fiscal authorities and compute new matrices in equation (60),
updated target variables (58) and solve the problem for monetary authorities. This will give us a
new best reaction F % . Then we again solve the problem for the fiscal authorities to update F(g) and
L3y and so on. We are unaware of any formal proofs of convergence of this type of the procedure,
although the fixed point property was proved for the one-dimentional case. Our experience shows
that relative to the standard Oudiz and Sachs procedure for a single policymaker, this problem
requires more iterations to converge, but overall performance is satisfactory.
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