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Abstract

A two-country sticky-price general equilibrium model is used to examine
the welfare properties of alternative monetary policy regimes for a country
which is subject to foreign money shocks. The expenditure switching effect of
exchange rate changes is found to be important for the comparison between
money targeting and a fixed rate. Money targeting is welfare superior to a
fixed rate when the expenditure switching effect is relatively weak, but a fixed
rate is superior when the expenditure switching effect is strong. However, price
targeting is found to be superior to both a fixed rate and money targeting for
all values of the expenditure switching effect. Finally, a welfare maximising
monetary feedback rule is found to yield lower output and exchange rate
volatility than price targeting for a wide range of parameter values.
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1 Introduction

Friedman (1953) and other early proponents of floating exchange rates argued that
floating exchange rates are desirable because they provide a degree of insulation
against foreign monetary shocks. A floating rate regime allows a country to set
monetary policy independently from monetary policy in other countries. This limits
the transmission of foreign monetary policy shocks to the domestic economy. Thus,
it was argued, floating exchange rates act as a ‘shock absorber’ which helps to
stabilise the domestic economy in the face of foreign monetary shocks.

Recent literature on the choice of exchange rate regimes makes use of general
equilibrium models with sticky-prices and explicit microeconomic foundations. This
new modelling approach allows a re-examination of the shock-absorber role of the
exchange rate. In particular, it allows a formal and systematic analysis of the
impact of regime choice on the welfare of agents (which can be measured in terms of
aggregate utility). In this paper we therefore use a two-country general equilibrium
model to compare the welfare performance of fixed and a range of floating exchange
rate regimes in the presence of foreign monetary shocks. In this way, we aim to
assess whether Friedman’s arguments in favour of the shock absorbing properties of
floating rate regimes hold true in a stochastic general equilibrium model of the type
used in the recent international macroeconomics literature.

Initially we define a floating rate to be a regime of money targeting. Our results
show that the welfare performance of money targeting relative to a fixed rate depends
on the responsiveness of demand to changes in the exchange rate (i.e. the strength
of the expenditure switching effect). It is found that money targeting yields higher
welfare than a fixed rate as long as the expenditure switching effect is relatively
weak. But when the expenditure switching effect is strong it is found that a fixed
rate can yield higher welfare than money targeting.

We show that there are two underlying factors which help explain this result.
The first is that the welfare of the home population is strongly influenced by the
volatility of home output (i.e. higher output volatility tends to reduce welfare).
The second is that foreign monetary shocks create a volatility trade-off for home
monetary policy. The volatility of home output depends on the volatility of world
aggregate expenditure and the volatility of the nominal exchange rate. A monetary
policy which stabilises the exchange rate tends to cause high volatility of world
aggregate expenditure.! But a monetary policy which reduces the volatility of world
aggregate expenditure tends to cause volatility of the nominal exchange rate. The
relative impact of exchange rate volatility and world expenditure volatility on the
volatility of output depends on the strength of the expenditure switching effect. The
strength of the expenditure switching effect therefore has important implications for

'We focus on a two-country framework where the home country is large enough for its monetary
policy to have an impact on world aggregate expenditure. In the case of a small open economy,
with some degree of home bias in consumption expenditure, home monetary policy would have a
comparable effect on the measure of aggregate expenditure relevant for the home economy. Thus
a similar volatility trade-off would exist in a small open economy setting.



the relative welfare performance of different exchange rate regimes.? When the
expenditure switching effect is relatively weak, exchange rate fluctuations have less
impact on home output. Thus, in this case, money targeting yields higher welfare
than a peg. But when the expenditure switching effect is strong, exchange rate
fluctuations cause high volatility in home output so a peg yields higher welfare than
money targeting.

Money targeting, while corresponding to the policy recommended by Friedman,
is only one form of floating exchange rate. A particularly relevant alternative form
of floating rate is a regime of price targeting. This (approximately) corresponds to
inflation targeting - which is the regime adopted by many monetary authorities in
recent years. Another important case to consider is the optimal policy regime, where
the monetary instrument is adjusted in order to maximise welfare. We extend our
analysis to consider the welfare performance of this wider set of policy regimes.

We find that price targeting yields higher welfare than both money targeting and
a fixed rate for all values of the expenditure switching coefficient. This is because (for
a wide range of parameter values) price targeting achieves a compromise between
stabilisation of world aggregate demand and stabilisation of the exchange rate. It
therefore lies at a superior point on the volatility trade-off compared to the money
targeting and fixed rate regimes. The volatility of output thus tends to be lower,
and welfare higher, than in the other two regimes.

But it is also found that price targeting is not (in general) fully optimal. It
is shown that optimal policy (for a wide range of parameter values) implies some
stabilisation of the nominal exchange rate relative to price targeting. So optimal
monetary policy, even if it does not completely fix the exchange rate, should aim
to stabilise it to some extent, i.e. optimal monetary policy is not entirely inward
looking.

This paper is part of an extensive new literature which uses stochastic general
equilibrium models to analyse the welfare effects of exchange rate and monetary
regimes. Recent papers have focused on a range of different aspects of this issue.
Devereux and Engel (2003), Corsetti and Pesenti (2001), Sutherland (2005a) and
Bacchetta and van Wincoop (2000) analyse the role of imperfect pass-through. Be-
nigno and Benigno (2003) and Sutherland (2005b) examine the impact of cost-push
shocks on regime choice. And Devereux (2004) and Benigno (2001) consider the
effects of different financial market structures. Much of this recent literature has fo-
cused on models where the elasticity of substitution between home and foreign goods

2Given the importance of the expenditure switching effect for the analysis which follows it is
useful to note that the empirical literature does not provide any clear guidance on an appropriate
value for the international elasticity of substitution between goods. Obstfeld and Rogoff (2000)
briefly survey some of the relevant literature and quote estimates for the elasticity ranging between
1.2 and 21.4 for individual goods (see Trefler and Lai (1999)). Estimates for the average elasticity
across all traded goods lie in the range 5 to 6 (see for instance Hummels (2001)). Anderson and van
Wincoop (2003) also survey the empirical literature on trade elasticities and conclude that a value
between 5 and 10 is reasonable. On the other hand, the real business cycle literature typically uses
a much smaller value for this parameter. For instance Chari, Kehoe and McGrattan (2002) use a
value of 1.5 in their analysis.



is restricted to unity. The model presented below, however, allows this parameter to
differ from unity, and thus allows an analysis of the role of the expenditure switching
effect. This is one important respect in which the current paper departs from the
existing literature. Much of the existing literature focuses on the welfare effects at
the world level of the symmetric choice of exchange rate regime. This paper, on the
other hand, analyses the choice of regime from the point of view of a single (large)
country. A third important departure from the existing literature is that this pa-
per analyses the choice of monetary regime in the face of foreign monetary shocks.
Other authors have focused on models where productivity or labour supply shocks
predominate.?

The paper proceeds as follows: Section 2 presents the model; Section 3 describes
the solution method and the derivation of the welfare measure; Section 4 discusses
the links between monetary policy and welfare. Section 5 compares money targeting
and a fixed nominal exchange rare. Sections 6 and 7 analyse price targeting and
optimal policy respectively. Section 8 concludes the paper.

2 The Model

The model is a variation of the sticky-price general equilibrium structure which has
been widely used in the recent open economy macroeconomics literature (following
the approach developed by Obstfeld and Rogoff (1995, 1998)).* While the general
structure is standard, an important difference between the model presented below
and many others used in the recent literature is that the elasticity of substitution
between home and foreign goods can differ from unity. This allows an analysis of
the implications of the expenditure switching effect for the relative performance of
different regimes. The only source of stochastic shocks in the model is the foreign
money supply. Home monetary policy is modelled as a general feedback rule and
the four possible regimes for the home monetary authority considered correspond to
different settings for the coefficient in this feedback rule.

2.1 Market Structure

The world exists for a single period and consists of two equal-sized countries, which
will be referred to as the home country and the foreign country. There is a continuum
of agents of unit mass in each country with home agents indexed h € [0,1] and
foreign agents indexed f € [0, 1]. Agents consume a basket of goods containing all
home and foreign produced goods. Each agent is a monopoly producer of a single
differentiated product. All agents set prices in advance of the realisation of shocks

3Sutherland (2004), while analysing the impact of the expenditure switching effect on monetary
policy in a small open economy, focuses exclusively on supply shocks and does not consider the
role of foreign monetary shocks.

4See Lane (2001) for a survey of this literature.



and are contracted to meet demand at the pre-fixed prices. Prices are set in the
currency of the producer.

The detailed structure of the home country is described below. The foreign
country has an identical structure. Where appropriate, foreign real variables and
foreign currency prices are indicated with an asterisk.

2.2 Preferences

All agents in the home economy have utility functions of the same form. The utility
of agent h is given by

U (1) = B |10gC (h) + y log 2L _g

S - S () (1)

where xy and K are positive constants, C' is a consumption index defined across all
home and foreign goods, M denotes end-of-period nominal money holdings, P is
the consumer price index, y (h) is the output of good h and F is the expectations
operator.

The consumption index C' for home agents is defined as

1\? o1 [1\? o=
(5) i +(5) e

where C'y and C are indices of home and foreign produced goods defined as follows

CH—UOIcH(zﬁdz']%, CF—{/;CF(j)“’dejﬁ (3)

where ¢ > 1, ¢y (i) is consumption of home good i and cg (j) is consumption of
foreign good j. The parameter € is the elasticity of substitution between home
and foreign goods. This is the key parameter which determines the strength of the
expenditure switching effect.

The budget constraint of agent h is given by

0
6—1

(2)

M(h) = My + pu () y(k) — PC(R) — T + PR(h) (4)

where My and M (h) are initial and final money holdings, 7" is a lump-sum gov-
ernment transfer, py (h) is the price of home good h, P is the aggregate consumer
price index and R(h) is the income from a portfolio of state contingent assets (to be
described in more detail below).

The government’s budget constraint is

M —My+T =0 (5)

Changes in the money supply are assumed to enter and leave the economy via
changes in lump-sum transfers.



2.3 Price Indices

The aggregate consumer price index for home agents is

1 1-6 1 1-6 ﬁ

where Py and Pp are the price indices for home and foreign goods respectively
defined as

Py = UolpH <z‘)1‘¢dz‘] T pe [/Olpp <j>1‘¢dj} - (7)

The law of one price is assumed to hold. This implies py (i) = p}; (i) S and
pr(j) = ph(j)S for all i and j where an asterisk indicates a price measured in
foreign currency and S is the exchange rate (defined as the domestic price of for-
eign currency). Purchasing power parity holds in terms of aggregate consumer price
indices, P = SP*.

2.4 Consumption Choices
Individual home demand for representative home good, h, and foreign good, f, are

given by
cu (h) = Cy (pH—(h)>¢, cr (f) =Cr <WT§))¢ (8)

1 (Py\"’ 1 (Pr\?
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Foreign demands for home and foreign goods have an identical structure to the home
demands. Individual foreign demand for representative home good, h, and foreign
good, f, are given by

=y (B) 7 )= o ()T (10)

1 . (P’ 1. [P\’
Cy=-C" 2L Cp=-C"=£ 11
Each country has a population of unit mass so the total demands for goods are

equivalent to individual demands. The total demand for home goods is therefore
Y = Cy + C} and the total demand for foreign goods is Y* = Cp + C.

where

where



2.5 Price Setting

Goods prices are chosen before shocks are realised and are fixed at these pre-chosen
levels. Prices are set in the currency of the producer.” The first-order condition for
price setting for home agents implies the following

¢ KE[Y?
Py = 12
G~ 1EV/(PC) -
A similar expression can be derived for foreign agents, as follows
KE[Y*?

"o 1E[Y/(PCY)]
Notice that the expectations terms in these expressions imply that a form of risk
premium is built into goods prices. This risk premium arises because agents, who are
risk averse, face uncertainty over the level of work effort. The risk premium depends
on the variances and covariances of work effort, the marginal utility of consumption
and consumer prices.

In this framework, where all goods prices are fixed, a ‘price-targeting’ regime is
defined in terms of targeting the price level that producers would set if they were
able to respond to shocks. This price level is simply given by the expression in (12)
after removing the expectations operators from the right hand side, i.e.

P — % gypc (14)

o—1
where the superscript ‘V’ indicates that this is a ‘virtual’ or ‘shadow’ price level.
This structure can be thought of as a limiting case of a more general model where
the population is split into a set of flexible-price agents and a set of fixed-price
agents. The shadow price P}, corresponds to the price of flexible-price producers as

the proportion of flexible-price producers tends to zero.

2.6 Financial Markets and Risk Sharing

The asymmetric structure of shocks and monetary policy, coupled with a non-unit
elasticity of substitution between home and foreign goods, makes it necessary to
adopt a more explicit structure for international asset markets than is usual in the
recent literature.” It is assumed that sufficient contingent financial instruments exist

®Other contributions to the recent literature have shown that the currency of pricing is poten-
tially important for the relative welfare performance of exchange rate regimes. This issue is not
the main focus of the current paper, so, for simplicity, we concentrate on the case of producer
currency pricing.

6See Sutherland (2004) for an example of a model where the proportion of flexible price pro-
ducers is strictly greater than zero.

"When 6 is equal to unity, the trade balance between the two countries automatically balances
in all states of the world, in which case financial markets are irrelevant. When 6 # 1 it becomes
necessary to consider the structure of financial markets. Additionally, when shocks are asymmetric
and when the focus of interest is the policy choice and welfare of a single country, it becomes
necessary explicitly to consider how policy choices affect asset prices and portfolio decisions.

6



to allow efficient sharing of consumption risks. All consumption is financed out of
real income so the only source of consumption risk is variability in real income. Effi-
cient sharing of consumption risk can therefore be achieved by allowing trade in two
state-contingent assets, one which has a pay-off correlated with home aggregate real
income and one with a pay-off correlated with foreign real income. For simplicity, it
is assumed that each asset pays a return equal to the relevant country’s real income,
i.e. a unit of the home asset pays y = Y Py /P and a unit of the foreign asset pays
y* = Y*Pp/P.8 The portfolio pay-offs for home and foreign agents are given by the
following

R(h) = Cp (h) (y = qu) + Cr (B) (y" — ar) (15)
R (f) = Cu (/) (y —an) + Cr () (" — ar) (16)

where ( (h) and ( (h) are holdings of home agent h of the home and foreign assets,
Cy (f) and (3 (f) are the holdings of foreign agent f of home and foreign assets and
qu and gr are the unit prices of the home and foreign assets.

It is important to specify the timing of asset trade. It is assumed that asset
trade takes place after the choice of exchange rate regime. This implies that agents
can insure themselves against the risk implied by a particular exchange rate regime,
but they can not insure themselves against the choice of regime.’

The Appendix shows that risk sharing implies the following relationship between
consumption, asset prices and expected output levels in the two countries

C_q__E[f*]
an;E[ZiZ*] (17)

2.7 Money Demand and Supply

The first-order condition for the choice of money holdings is
— =xC (18)

The money supply in each country is assumed to be determined by the relevant
national monetary authority. The foreign money supply is subject to stochastic

8Note that asset pay-offs are correlated with aggregate income. Individual agents therefore treat
pay-offs as exogenous. This implies that the existence of contingent assets has no direct impact on
optimal price setting.

91f, alternatively, asset trade takes place before the exchange rate regime is chosen, it would
be possible for agents to insure themselves against the choice of regime. This could have very
significant implications for the optimal choice of regime. The home monetary authority would be
tempted to choose a regime which implies high volatility of demand for home goods. The high
volatility of demand would discourage home labour supply and reduce home work effort but the
level of home consumption would be protected by the risk-sharing arrangement. This alternative
risk-sharing structure raises some interesting issues but it also involves some technical problems
which go beyond the scope of this paper.



shocks such that log M* is symmetrically distributed over the interval [—e¢, €] with
Ellog M*| = 0 and Var[log M*] = 2.

Home monetary policy is defined in terms of a general feedback rule for the home
money supply of the following form

= (A (19

In what follows the value of § will be determined by the monetary regime under
consideration. We consider four different regimes: a fixed nominal exchange rate;
money targeting; price targeting; and welfare maximising monetary rule. In the
case of a fixed exchange rate, the home monetary authority chooses ¢ so that the
exchange rate is maintained at a target level, S. In the case of money targeting, the
home monetary authority sets 6 = 0 so that the home money supply is constant at
M. In the case of price targeting, J is chosen to maintain the virtual producer-price
level, P)/, at a target level, P};. And finally, in the case of optimal policy, § is chosen
to maximise home welfare. The appropriate values of § for each regime are derived
below. Note that the values of M, S and P}; only serve to provide an anchor for the
equilibrium level of nominal variables. The equilibrium level of nominal variables
has no effect on real variables or on welfare and is thus irrelevant to the analysis
presented below.

3 Welfare and Model Solution

Our main objective is to analyse the welfare performance of different monetary
policy regimes. The different regimes are represented by different choices for the
policy feedback parameter 9, so the first task is to derive an expression for welfare
in terms of this parameter.

Aggregate welfare of home agents is measured using the following!®

Q=F [logC - %Yﬂ (20)

It is not possible to derive an exact solution to the model described above.!' A
second-order approximation of the welfare expression is therefore derived.

Before proceeding it is necessary to define and explain some notation. The non-
stochastic equilibrium of the model is defined as the solution which results when
M* = 1 with 0> = 0. For any variable X define X = log (X/X') where X is
the value of variable X in the non-stochastic equilibrium. X is therefore the log-
deviation of X from its value in the non-stochastic equilibrium.

WFollowing Obstfeld and Rogoff (1998, 2002) it is assumed that the utility of real balances is
small enough to be neglected.

"The complication arising in this model is contained in equation (6). When 0 is different from
unity this equation is not linear in logs.



The only exogenous forcing variable in the model is the foreign money supply,
M*, so all log-deviations from the non-stochastic equilibrium are of the same order as
the shocks to M*, which (by assumption) are of maximum size e. When presenting
an equation which is approximated up to order n it is therefore possible to gather
all terms of order higher than n in a single term denoted O (e"*').!?

A second-order approximation of the welfare measure is given by

O=EB{C-KV*[V+7?|}+0(<) (21)

where Q is the deviation of the level of welfare from the non-stochastic equilib-
rium.'® Notice that this expression includes the first moments of consumption and
output and the second moment of output. Welfare is increasing in the expected
level of consumption and decreasing in the expected level and variance of output.
Second-order accurate solutions for variances can be obtained from first-order ac-
curate solutions for the relationships between endogenous variables and the shock
variable. The analysis of volatility therefore involves working with a log-linearised
(i.e. first-order approximated) version of the model. But a full second-order ex-
pression for welfare requires second-order accurate solutions for both the first and
second moments of variables. So, a full analysis of welfare involves working with a
second-order approximation of the model.

The detailed derivation of a second-order accurate solution of the model is de-
scribed in the Appendix. The resulting expressions for the expected level of output
and consumption and the variance of output are

o1
E[C] = 3 [—64+30 — 6° +2(—24 0+ 6%)6 — (—24 50 + 6)6%] 0* + O (¢*) (22)

BY) =3 [1+5 -0+ 650>+ O () (23)
E[Y?] = i 146 0+6020%+0 (&) (24)

Thus welfare can be written as a function of d, the feedback parameter in the policy
rule, as follows

Q= % [—6+30 — 0>+ 2(=2+ 0 + 6°)5 — (—2+ 50 + 6°)0°] 0> + O () (25)

12Thus, when the term O (62) appears in an equation the variables in that equation should be
understood to be accurate up to order one. While an equation which includes the term O (63)
should be understood to contain variables which are accurate up to order two. And an equation
which does not include any term of the form O (€™) should be understood to hold exactly.

3In the non-stochastic equilibrium individual budget constraints imply that PC = Y Py.
Combining this expression with equation (12) shows that Y = [K¢/ (¢ — 1)]71/2, thus KY? =
(¢ — 1) /¢. It is apparent from this expression that Y depends on the monopoly mark-up, ¢/(¢—1).
A common practice in the recent literature is to introduce a production subsidy to offset the
monopoly distortion so that Y is at its welfare maximising level. It will become apparent below
that the main welfare results in our paper are independent of the value of Y and are therefore in-
dependent of the monopoly distortion (and would therefore also be independent of any production
subsidy).



Note from (23) and (24) that £ [Y]+ E[Y?] = 0, so welfare is effectively determined
by E[C] alone.!t

4 Monetary Policy and Welfare

Before analysing the individual monetary policy rules it is useful to trace and explain
the main linkages between monetary policy and welfare.

As shown above, because E[Y] + E[Y2] = 0, welfare depends directly (and only)
on the expected level of consumption, F [C’] The expected level of consumption
depends, via individual country and world resource constraints, on the expected
level of output. And the expected level of output depends (amongst other things)
on monetary policy via the impact of monetary policy on the volatility of output. As
a general rule, higher output volatility tends to discourage work effort (since agents
are risk averse). Thus, a monetary rule which leads to high output volatility tends
to lead to a low expected level of output. And, conversely, a monetary rule which
leads to low output volatility tends to lead to high expected output.!®> The impact
of the expected level of output on the expected level of consumption and welfare can
be positive or negative depending on the value of 6 (the elasticity of substitution
between home and foreign goods).

There are thus two important links between monetary policy and welfare. First,
the link between monetary policy and the volatility of output. And second, the
link between the expected level of output and the expected level of consumption. It
is useful to set out some of the important equations which explain these two links
before considering each of the individual monetary policy rules.

4.1 Monetary Policy and Output

When considering the impact of monetary policy on the volatility of output it is
sufficient to look at first-order accurate solutions to the model.'6

A first-order expansion of equation (17) shows that risk sharing implies the fol-
lowing relationship between realised consumption levels in the two countries

66 =040()

where, as explained above, the term O (e?) indicates that the variables in this
relationship should be understood to be accurate up to a first-order approxima-
tion. When combined with the purchasing power parity relationship (which implies

4 Thus, as previously stated, the value of Y is irrelevant.

15Tt is important to note that the level of expected output does not depend exclusively on the
volatility of output. Other factors are also important, such as the volatility of consumption and
prices and the covariances between output, consumption and prices.

16 Terms of order two and higher in expressions for realised values become terms of order three
and higher in expressions for variances. Higher order terms in expressions for realised values are
therefore irrelevant for the second-order accurate analysis of welfare.

10



S pP— P*) and the expressions for home and foreign money demand (which imply
M=P+C and M* = P* + C’*) the following expression for the exchange rate is
obtained

S=M-M+0/(&) (26)

Thus the nominal exchange rate depends on relative monetary policy, i.e. the dif-
ference between the home money supply and the foreign money supply

The assumption of fixed goods prices implies Py = P} = 040 (€?), so aggregate
consumer prices are given by

P=3540(¢), P'=-38+0() (27)

These expressions, combined with the money demand relationships, imply that con-
sumption levels are

C=C =2 <M + ) +0() (28)

Thus consumption in the two countries responds equally (because of the risk-sharing
structure) to aggregate world monetary policy, i.e. the sum of home and foreign
money supplies.

First-order approximations for home and foreign aggregate output levels yield

~

1/ N 0.
V=5 (C+C)+55+0() (29)

ye- 1 (O+ C‘*) = QSJF O (¢%) (30)

These expressions show that the realised Value of output depends on aggregate
monetary policy (via C' + C*) and relative monetary policy (via S). Thus home-
country monetary policy affects the volatility of home output via its impact on
the volatility of aggregate monetary policy (M + M *) and its impact on relative
monetary policy (M M *). Notice that, given the exogenous stochastic shocks
affecting M*, the home monetary authority faces a trade-off: a monetary rule which
stabilises (M 4 M*) will necessarily destabilise (M — M*) and vice versa. The
relative importance of these two factors for the volatility of output will depend on
the value of #. The larger the value of 6 (i.e. the stronger the expenditure switching
effect) the more important is volatility in (M — M*).

The link between monetary policy and output volatility therefore depends on the
value of . This is one respect in which the welfare performance of different monetary
policy regimes is affected by the strength of the expenditure switching effect.

4.2 Expected Output and Consumption

Expected levels of variables depend on second moments so, when considering the
link between the expected level of output and the expected level of consumption, it
is necessary to consider a second-order accurate solution to the model.

11



Second-order expansions of the home and foreign output relationships yield!”

EP}—EB(O+éﬂ—§ﬂ+O&% (31)
zﬂ?}—EE(é+éﬂ+gﬂ+o¢ﬂ (32)

From which it follows that
El¢+C] =BV +¥]+0() (33)

Thus the expected level of world aggregate consumption E [é + C’*] must equal the
expected level of world aggregate output E[Y + Y*). This shows one part of the link
between home output and home consumption. An increase in home output raises
the total of output available for consumption in the world.

The second part of the link between home output and home consumption is
determined by the consumption risk sharing relationship, (17). This relationship
determines how expected consumption is shared between the two countries. A
second-order expansion of equation (17) shows that risk sharing implies that the
first moments of consumption and output in the two countries are related as follows

E|C-C| =BV -7 +7]|+0(e) (34)

where 7 is the terms-of-trade. Thus relative consumption, (C’ — é*), depends on
relative output, (Y — Y*), and the terms of trade.

It is simple to show, using equations (31) and (32), that relative output and the
terms of trade are related as follows

EV—?ﬂ:#EW+0@) (35)

This shows that an increase in home output relative to foreign output requires a fall
in the price of home goods relative to the price of foreign goods (i.e. a fall in the
terms of trade). The size of the required adjustment in 7 clearly depends on 6, the
elasticity of substitution between home and foreign goods. Combining (34) and (35)
implies

ElC-¢|=0-nE[V ¥ ]+0(&) (36)

Equations (33) and (36) show that the impact of the expected level of home
output on the expected level of home consumption depends on the impact of home
output on world aggregate consumption (equation (33)) and the impact on relative
consumption (equation (36)). When 6 > 1 an increase in home output raises both

1"In general, equations (31) and (32) should include terms which depend on the second moments
of home and foreign consumption. However, the perfect cross-country correlation of consumption
levels implies that these terms are equal to zero. They are therefore omitted from (31) and (32).

12



aggregate consumption, E[C'+ C*], and relative consumption, E[C'—C*], so there is
an unambiguous increase in E[C]. But when 6 < 1 an increase in home output leads
to an increase in aggregate consumption but a reduction in relative consumption. In
this case, there is an ambiguous effect on E[C]. If 6 is sufficiently small an increase
in home output can cause a decrease in E[C).

The link between expected output and expected consumption thus depends on
the value of 6. This is another respect in which the relative welfare performance of
different monetary policy regimes will depend on the strength of the expenditure
switching effect.

5 Money Targeting versus a Fixed Rate

The essential feature of each of the targeting rules considered in this paper is that
each rule ensures that the variance of the targeted variable is zero. Thus the money
targeting rule ensures that the variance of M is zero. And the fixed exchange rate
rule ensures that the variance of S is zero. The relevant value of d, the policy
feedback parameter, in each case can be derived by setting the variance of the
relevant targeted variable to zero. Second-order accurate expressions for variances
can be obtained by considering first-order accurate solutions for realised values.
So, the value of § for each rule can be derived by considering first-order accurate
expressions for the targeted variables.

The money supply rule (19) implies M = §M*. Thus, in the case of money
targeting, the variance of M is zero when & = 0.

It was shown above (equation (26)) that the realised value of the exchange rate
is given by S = M — M* + O (€?) . This immediately shows that the variance of the
exchange rate is zero when the home money supply is set equal to the foreign money
supply, i.e. M = M*. So the fixed rate regime implies § = 1.

The welfare level yielded by the money targeting and fixed rate regimes can now
be derived by substituting the relevant value of ¢ into the welfare expression (25).
The resulting expressions are shown in Table 1. This table also shows the implied
variances of output, the exchange rate and consumption in the fixed rate and money
targeting regimes.

It follows from the welfare expressions shown in Table 1 that the money targeting
regime yields higher welfare than the fixed rate regime when 6 < 3.56. Thus money
targeting yields higher welfare when the expenditure switching effect is relatively
weak, but a fixed exchange rate regime is superior when the expenditure switching
effect is strong.

These results can be understood by considering the impact of exchange rate
volatility and the expenditure switching effect on output volatility. It was shown
above in equation (29) that monetary policy affects the volatility of home output
via its impact on aggregate consumption and via its impact on the exchange rate.
Money targeting (i.e. ¢ = 0) implies a low variance of aggregate consumption but
high variance of the exchange rate. This contrasts with a fixed exchange rate regime
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Table 1: Key Expressions for the Four Monetary Policy Regimes

(i.e. 0 = 1) which implies a high variance of consumption and a completely stable
exchange rate.

The relative impact of consumption variability and exchange rate variability on
the volatility of output depends on the strength of the expenditure switching effect.
For low values of 6, the variability of the exchange rate is relatively unimportant so
money targeting implies relatively low output volatility.'® But for high values of 6,
exchange rate volatility becomes relatively more important so a fixed exchange rate
tends to deliver much lower output volatility than money targeting. The net result
is that welfare in the money targeting regime declines as the expenditure switching
effect becomes stronger. This is because of the negative impact of output volatility
on the expected level of output and consumption. For large values of 6, this effect
can become so strong that it implies that a fixed rate regime is welfare superior to
a money targeting regime.

6 Price Targeting

The previous section compared money targeting with a fixed rate. However, money
targeting is only one form of floating rate regime. A particularly relevant alternative
form of floating rate regime is one where the monetary authority uses policy to
stabilise prices, i.e. a price targeting regime. This section analyses a regime of this
type and compares it to money targeting and a fixed rate.

In the price targeting case the feedback term in the rule (equation (19)) is chosen
to stabilise the producer ‘price level’. Because all prices are assumed to be pre-fixed,

18In fact, because consumption and the exchange rate are negatively correlated in a money
targeting regime, the variance of output will be very low for 6 close to unity.
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price targeting is defined in terms of stabilising ‘virtual’ prices (i.e. the prices that
producers would choose if prices were fully flexible).!? In order to derive the value
of § it is necessary to derive a first-order accurate expression for P}, as a function
of the money supply. A first-order expansion of (14), combined with (26), (27), (28)
and (29) implies that

~ 3+0 ~ 1-—-10

Py = 22N+ = +0(é)

This expression shows that the variance of P} is zero when

0—1
5=

N 37

When this value for the § is substituted into (25), an expression for welfare in the
price targeting regime is obtained. This is shown in Table 1.

A comparison of the welfare expressions in Table 1 shows that price targeting,
for all # # 1, yields higher welfare than both money targeting and the fixed rate.
(In the case where § = 1, money targeting and price targeting are equivalent.)?’

In order to understand these results, first consider the case where 6 > 1. Notice
that, in this case, price targeting implies that 0 < ¢ < 1. Thus monetary policy
responds positively to a foreign monetary shock, but less than one-for-one. In this
sense, price targeting is a compromise between money targeting (where 6 = 0) and
a fixed exchange rate (where § = 1). This in turn implies that price targeting yields
lower exchange rate volatility than money targeting and lower aggregate consump-
tion volatility than a fixed exchange rate. The net effect is that price targeting
yields lower output volatility than both money targeting and a fixed rate. So, price
targeting leads to lower risk for producers and therefore a higher expected level of
output and consumption. And higher expected consumption implies a higher level
of welfare than both the money targeting and a fixed exchange rate regimes.

In the case when # < 1, the explanation is more complex. In this case § < 0. This
implies that price targeting yields higher exchange rate and consumption volatility,
and thus higher output volatility, than the other two regimes. Yet, price targeting
still yields higher welfare than the other two regimes.

The key to understanding the contrast between the 6 > 1 case and the § < 1 case
lies in the link between the expected level of output and the expected level of home
consumption. When 6 > 1, an increase in home output leads to an increase in both
aggregate expected consumption and relative expected consumption (see equations
(36) and (33)). This means that a monetary policy which leads to an increase in

19 An alternative price targeting regime would be one that stabilises consumer prices. However,
we focus on producer price targeting because it is not straightforward, in the context of our fixed-
price model, to define a ‘virtual’ consumer price index.

20Sutherland (2004) shows that, in a similar model, for very high values of § a fixed rate can
yield higher welfare than price targeting. Sutherland, however, focuses on a small open economy
case where the main sources of disturbances are home and foreign labour supply shocks.
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the expected level of home output will also lead to an increase in the expected
consumption possibilities for home consumers and thus an increase in home welfare.

On the other hand, equation (33) shows that when 6 < 1 an increase in home
output causes a fall in relative consumption for home agents which can outweigh the
rise in aggregate consumption. Thus, in contrast to the # > 1 case, a monetary policy
which leads to a decrease in the expected level of home output can, in the 6 < 1
case, nevertheless lead to an increase in expected home consumption. This explains
why price targeting, which generates high exchange rate and output volatility when
0 < 1, nevertheless yields higher welfare than the other two regimes. The high
output volatility reduces expected home output which in turn, increases expected
home consumption and welfare.

7 Optimal Policy

The previous sections have compared three simple monetary policy regimes. Each
regime implies a different value for the policy feedback parameter §. A natural
benchmark against which to compare these simple policy rules is the optimal regime
where the value of § is chosen to maximise welfare.

The optimal value of § is obtained by maximising welfare, as given in (19), with
respect to . The first order condition implies

2 v 38
0% + 560 — 2 (38)

It is useful to note that the second-order condition for this maximisation problem
implies that 2 — 50 —#% < 0, which in turn implies that a valid maximum only exists
for 0 > (=5 +1/33)/2 ~ 0.372.

The welfare level yielded by the optimal feedback rule is shown in Table 1. A
comparison of the welfare results in Table 1 shows that, in general, price targeting
is not fully optimal. Only in the case where # = 1 does price targeting correspond
to the welfare maximising policy. Notice that, in this case money targeting also
corresponds to the welfare maximising policy. A fixed exchange rate, on the other
hand, does not correspond to the optimal policy rule for any value of 6.2

Other authors (e.g. Goodfriend and King (2001), King and Wolman (1999) and
Clarida, Gali and Gertler (2001)) have argued that price targeting is a welfare max-
imising policy because it reproduces the flexible price equilibrium and thus perfectly

21 Another way of representing optimal monetary policy is to derive the ‘optimal targeting rule’.
The optimal targeting rule expresses policy in terms of a rule for stabilising a weighted average
of variables. In the current model it can be shown that the optimal targeting rule is the rule
which stabilises 70T, where TOFT = 0]5]‘{/ + (6 —1)S. Tt is simple to show that the monetary
feedback rule with § = 697 can equivalently be represented in terms of the optimal feedback rule
or in terms of the optimal targeting rule. Notice that the optimal targeting rule shows that price
targeting is not fully optimal in general but it is optimal when § = 1. The optimal targeting rule
also shows that a fixed rate will not be fully optimal for any value of 6.
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offsets the distortions created by sticky prices. Why then does price targeting not
correspond to the welfare maximising policy for all values of #7 There are two rea-
sons for this. Firstly, price targeting in the home economy does not reproduce
the flexible price equilibrium because there are distortions that arise from sticky
prices in the foreign country. Secondly, the flexible price equilibrium is not welfare
maximising from the home country’s point of view because the home country has
monopoly power over the supply of home goods. In a sticky-price world, the home
country can use monetary policy to exploit this monopoly power to raise welfare
above the level yielded by the flexible price equilibrium.

The size of the welfare difference between price targeting and optimal policy is
relatively small for all values of 6. This is illustrated in Figure 1 which plots the
welfare levels of the four policy regimes against values of .22 The welfare difference
with the other regimes diverges for large values of 6. The level of welfare yielded by
money targeting declines particularly rapidly as # is increased.

It is simple to check using the expressions in Table 1 that, when 6 > 1, optimal
policy yields lower exchange rate and output volatility than price targeting. This
is illustrated in Figures 2 and 3, which plot exchange rate and output volatility for
the four regimes.?? Thus, while a fixed exchange rate is not optimal, some degree of
exchange rate stabilisation is optimal relative to pure price targeting (in the 6 > 1
case). In other words, optimal policy is not purely inward-looking. The degree of
exchange rate stabilisation compared to the price targeting rule is however relatively
small.

As explained in the previous section, for § < 1 the welfare effects of exchange rate
and output volatility are reversed - i.e. output volatility can be welfare increasing.
So the optimal policy rule tends to generate high output and exchange rate volatility
when 6 < 1. Figure 2 shows that optimal policy tends to lead to more exchange rate
volatility than price targeting. And, for particularly low values of #, the optimal
policy tends to generate substantially more exchange rate and output volatility than
all three of the other regimes.

8 Conclusions

This paper has analysed the welfare properties of a range of monetary regimes in
the presence of foreign monetary shocks. Our objective was to investigate whether
Friedman’s (1953) arguments in support of floating exchange rate regimes continue

22For the purposes of this figure o is set equal to 0.1. The values of welfare plotted on the vertical
axis can be interpreted in terms of steady-state consumption units. For instance, Q=-1 represents
a welfare deviation equivalent to a one percent deviation of consumption from its non-stochastic
equilibrium value.

23The explanation for the link between monetary policy and welfare given above emphasises
the importance of the volatility of output. This may suggest that a monetary policy rule which
stabilises output will be optimal. The results reported in Table 1 and illustrated in Figure 3 shows,
however, that optimal policy does not, in general, fully stabilise output. This is because, as noted
in footnote 15, the volatility of output is not the only determinant of the expected level of output.
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to hold true in a stochastic general equilibrium model with a microfounded welfare
criterion. In our analysis the degree of expenditure switching was found to be
an important factor in the comparison between regimes. An analysis of the fixed
rate and money targeting regimes shows that money targeting yields higher welfare
when the expenditure switching effect is relatively weak, but a fixed exchange rate
regime is superior when the expenditure switching effect is strong. A price targeting
regime, however, yields higher welfare than both a fixed rate and money targeting
for all values of the expenditure switching parameter. Nevertheless, price targeting
is not fully optimal. An analysis of a welfare maximising monetary rule showed that
optimal policy should involve some measure of exchange rate stabilisation relative
to the price targeting regime when the elasticity of substitution between home and
foreign goods is greater than unity (i.e. the expenditure switching effect is relatively
strong). On the other hand, when the elasticity of substitution is less than unity,
optimal policy leads to higher exchange rate volatility than the other regimes.

Our results suggest, that while Friedman’s intuition is supported in the sense
that a fixed rate regime is always dominated by a floating rate regime of one form
or another, money targeting (Friedman’s preferred monetary regime) is not always
better than a fixed rate. This is mainly because money targeting can generate high
exchange rate volatility which has destabilising effects on output. Other floating
rate regimes, such as price targeting, welfare dominate both money targeting and a
fixed rate regime.
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Appendix

Portfolio Allocation, Asset Prices and Risk Sharing

There are four first-order conditions for the choice of asset holdings. After some
rearrangement, they imply the following four equations

E[Cy]=E[C " qu, E[CT'W]=E[C"]qr (39)

ElC Ny =E[C*qu, E[C* '] =E[C"'qr (40)

The combination of the private and government budget constraints and the portfolio

pay-off functions for each country imply that aggregate home and foreign consump-
tion levels are given by

C=y+Cyy—aqu)+Cr W —ar) (41)
)

C* =y "+ (y—au)+ (W —ar) (42

where in a symmetric equilibrium (k) = (y and (p(h) = (p forall h and ((f) =
(y and (R(f) = (& for all f. Equilibrium in asset markets implies (; + (3 = 0 and
(p + (3 = 0. These equations can be used to solve for ¢y, qr, Cy, Cp, (3, Cp, C
and C* in terms of y and y*.

Using the solution procedure outlined in Obstfeld and Rogoff (1996, pp. 302-3)
it is possible to show that the two asset prices are given by

e B |7%]

+y* +y*

g =—PL g = — L (13)
B |75 B |7]

and consumption levels in the two countries are given by

c=ty) o _ary+y) (44)
qu + qr qu + qr

Thus

which is equation (17) in the main text.

Model Solution

A second-order accurate solution to the model is derived using a single-period version
of the solution method described in Sutherland (2002). Second-order expansions of
(12) and (13) yield

pH:E[?+p+é:|+)\PH+O(€3) (46)
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Pi=E [Y/* + P+ C} +Aps + O () (47)

where
Ap, = ~E 4}?2—(17—6*—15)2 (48)
PH - 2
1 ~ N R .\ 2
Ay = 5B {4}/*2 . (Y* o P*) ] (49)

Notice that these expressions both include terms (denoted Ap, and Ap:) which
depend on the second moments of output, consumption and consumer prices. These
terms represent a form of risk premium which is built into goods prices by risk-averse
agents who have to set prices before shocks are realised. The risk premium depends
on the variances and covariances of work effort, the marginal utility of consumption
and the consumer prices.

The money demand and supply relationships imply that

E[Pjué}:o, E[P*+C‘*]:0 (50)

Note that the money demand relationships are linear in logs so they do not require
any approximation. The expressions for home and foreign goods prices therefore
simplify to

Pu=B[V]+an +0(&). Pi-E[V]+ae+0() 61

These expressions can be combined with second-order expansions of the definitions
of consumer prices to yield

E|P| = %APH -~ %AP;; + %E V7" =8|+ Eldop] +0(¢)  (53)

where 1
Aopr = 51— 0)5? (54)
Notice that the non-log-linearity of consumer prices gives rise to another second-
order term (denoted Acpy).
The expressions for consumer prices can be combined with the money market
equations to yield the following expressions for consumption

E [C] . [15] = —%APH - %)\p; - %E [Yf +VT S} — Eopr] + 0 (€%) (55)
1

E [0} ~- F [15*} - —%APH - %Ap; ~5E [f/ T S} — EAcp]+0 () (56)
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A second-order expansion of equation (17) shows that risk sharing implies that
the first moments of consumption and output in the two countries are related as
follows

Blo-c]=p[(v )+ (Ba-B3) - (P~ )] +O(&) 7

while second-order expansions of the home and foreign output relationships yield

ElV]=E B (¢+¢) —Q(PH—PH +0 (e (58)
E[V|=E B (¢+c)—o(Pi- P*)} +0 (&) (59)

Combining (57), (58) and (59) with the purchasing power parity condition yields
the following expression for the expected level of the exchange rate

- 0—1
E [5} _v=2
20
Using the above equations it is possible to write consumption and output levels
entirely in terms of Ap,, A p; and Acpr as follows

Ble]=- (294—;1) Apy — Ay — <1T+9> EDep] +0 (&) (61)

(Apy — Apz) (60)

- 1 1-6
EM __§APH_( 2 :
It is useful at this stage to consider what these expressions reveal about the determi-
nation of the expected levels of consumption and output. Equations (61) and (62)
show that the risk premia, Ap, and Ap:, have a negative impact on expected output
and consumption. Any factor which increases the risk faced by producers (such
as an increase in the volatility of output) will discourage the supply of work effort
and therefore depress output. By definition this also reduces the quantity of goods
available for consumption and therefore reduces the expected level of consumption.?*
The only remaining task is to derive expressions for the second-moment terms
APy, A P: and Acpr. This requires (first-order accurate) expressions for realised out-
put, consumption, prices and the exchange rate. First-order accurate expressions
for the money supply and demand relations are as follows

E [)\CPI] +0 (63) (62)

M = 6M* (63)

SM*=P+C, M*=P*+C* (64)

24Equations (61) and (62) also show that the Acpr term implies that, when § > 1, exchange
rate volatility has a positive impact on the expected level of consumption and a negative impact
on the expected level of output. Exchange rate volatility tends to reduce the average cost of the
consumption basket when 6 > 1. This allows agents to reduce work effort and consume more goods.
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and PPP implies R
S=P—-P" (65)

so the exchange rate is given by
S=(6—1)M*—(C—C% (66)

A first-order expansion of equation (17) shows that risk sharing implies that C—C* =
0+ O (€?). Thus A A
S=0-1)M+0 () (67)

By assumption goods prices are fixed in advance so Py = Pj = 0+ O (¢2). Home
and foreign consumer prices are therefore given by

po_pr = %s LO() = %(5 DI 0 (&) (68)

The risk sharing relationship combined with the money market relationships and
the solution for the exchange rate imply that consumption is given by

C— (= %(1 LN+ 0 () (69)

A first-order approximation for the home output level yields
~ 1/~ ~ . A
V=5 (C+C)=0(Pu-P)+0(e) (70)

Combining these expressions with the solutions for consumption and price levels
implies

o [(1+0) +2<1 ) LU (@) 1)

and

oo A0+ (1 - 0)5) M*

+ 0 (¢%) (72)

The expressions for S, P, P*, C, C*, Y and Y* given (67), (68), (69), (71) and
(72) can be substituted into (48), (49) and (54) to yield the following expressions
for )\pH, )\P; and )\CPI

1

Ap, = g[3(9 —1)% — 20(—5 + 20 + 30%) + 5*(3 + 100 + 36°)]0? (73)

Aps = %[3 4100 + 360% — 26(—5 + 20 + 30%) + 6%3(0 — 1)%]0? (74)
1 ~

Aopr = §<1 —0)(6 — 1)M* (75)

These expressions can be substituted into (61) and (62) to yield the expressions for
E [O] and F [f/} given in (22) and (23) in the main text.
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