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Abstract

The most popular smple rule for the interest rate, due to Taylor (1993a), is meant to inform monetary
policy in economies that are closed. On the other hand, its main open-economy dternative, ieBdl's
(1999) rule based on amonetary conditions index (MCI), may perform poorly in the face of specific
types of exchange rate shocks and thus cannot offer guidance for the day-to-day conduct of monetary
policy. Inthis paper we oecify and evaluate a comprehensve set of Smple monetary policy rules that
are suitable for amal open economiesin generd, and for the United Kingdom in particular. We do so
by examining the performance of a battery of smple rules, including the familiar Taylor rule and
MCl-based rulesalaBdl. This entails comparing the asymptotic properties of a two-sector
open-economy dynamic stochastic generd equilibrium mode cdibrated on UK data under different
rules. We find that an inflation-forecast-based rule (IFB), ie arule that reacts to deviations of
expected inflation from target, isagood smplerule in thisrespect. Adding a separate response to the
level of the real exchange rate (contemporaneous and lagged) appears to reduce the difference in
adjustment between output gaps in the two sectors of the economy, but the improvement is only
margind. Importantly, an IFB rule, with or without exchange rate adjustment, appears robust to
different shocks, in contrast to naive or Ball’s MCl-based rules.



SUmmary

The literature on smple rules for monetary policy isvast. However, the literature does not contain a
thorough normative andlysis of smple rules for open economies, ie, for economies where the
exchange rate channel of monetary policy plays an important role in the transmisson mechanism. The
most popular smple rule for the interest rate — the * Taylor rule — for example, was designed for the
United States and, thus, on the assumption that the exchange rate channd islessimportant. And the
main open-economy aternatives — such as arule based on amonetary conditionsindex (MCI) —
may perform poorly in the face of specific types of exchange rate shocks.

This paper andyses the performance of avariety of smple rules usng amodd of the UK economy.
To do s, we specify and evauate afamily of Smple monetary policy rulesthat may stabilise inflation
and output a alower socid cost than exigting rules. These rules parsmonioudy modify dternative
closed or open-economy rules to andyse different ways of explicitly accounting for the exchange rate
channd of monetary transmisson. We compare the performance of thisfamily of rulesto that of the
Taylor rule, naive MCl-based rules aswell as Bal’s MCl-based rule, and inflation-forecast-based
rules when the model economy is buffeted by various shocks.

To test the rules, we stylise the economy — that we calibrate to UK data— as a two-sector
open-economy dynamic stochastic genera equilibrium mode. The export/non-traded sector split is
important because it alows us to discern different impacts of the same shock on output and inflation in
the two sectors. Identification of sectord inflation and output dynamicsis akey dement on which to
base the design of efficient policy rules.

To mimic observed stickinessin the adjustment of prices and wagesin the United Kingdom, our
model aso features awide range of nomind rigidities, moddled usng the Calvo (1983) approach.
These nomind rigidities have two crucid implications for our modd. First, in our mode economy
macroeconomic equilibrium isinefficient, as with sticky prices changesin aggregate demand give rise
to *Okun gaps , in turn arising from specific microeconomic ditortions. Second, monetary policy has
red effects, and can be designed optimdly to offset these various ditortions. Specifically, ancein an
open economy monetary impulses are trangmitted viamultiple channdls, in our modd an efficient
ample policy ruleis one that offsets distortions by exploiting effectively al those channds.

Findly, becauseit is theoreticaly derived on the assumption that consumers maximise utility and firms
maximise profits, the model has arich structura specification. This enables us to contemplate shocks
that could not be analysed in reduced-form small macro-models. For example, we can andyse the
impact of ardative productivity shock on the two sectors. The ability to examine this range of shocks
is important when comparing dternative policy rulesfor an open economy, because the efficient policy
reponse to changes in the exchange rate will typicaly depend on the shocks hitting the economy —
with different shocks sometimes requiring opposite responses. One drawback to this approach is that
it isdifficult to account for some features of the UK economy (most notably, the persistence of
inflation) using amicro-founded mode!.

Wefind that agood rule for our smal open-economy modd is an inflation-forecast-based rule (IFB),
learule that reacts to deviations of expected inflation from target, if the forecast horizon is chosen
gppropriately. Thisrule is associated with alower-than-average variability of inflation when
compared with the other rules. Adding a separate response to the level of the red exchange rate
improves gabilisation only margindly, suggesting thet the inflation forecast contains dl of the
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information relevant to policy-makers, including information about the exchange rate channd of the
transmisson mechanism. Importantly, an IFB rule, with or without exchange rate adjustment, appears
quite robust to different shocks, in contrast to the M Cl-based rules we examine.

These results on the relative performance of the rules are broadly confirmed by results using the utility
losses faced by the households in our model economy under each rule, implying that the distortionsin
our economy are quantitatively and quditatively smilar to those envisaged in exiging
closed-economy models.



1 Introduction

The literature on smple rules for monetary policy isvast.® It contains theoretical research comparing
rules that respond to dternative intermediate and find targets, backward and forward-looking rules,
and rulesthat include or exclude interest rate smoothing terms. It so contains work on higtorical
estimates of monetary policy rules for various countries. However, the literature does not contain a
thorough normative andlyss of smple rules for open economies, ie for economies where the exchange
rate plays an important role in the transmission of monetary policy impulses® The most popular
amplerule for the interest rate — due to Taylor (1993a) — for example, was designed for the United
States and, thus, on the assumption that the economy is closed.® And the main open-economy
aternatives (for example, the rule proposed by Ball (1999) based on a monetary conditions index
(MCI)), may perform poorly in the face of specific types of exchange rate shocks and thus cannot
offer guidance for the day-to-day conduct of monetary policy.

In this paper we specify and evduate afamily of smple monetary policy rules that may stabilise
inflation and output in smal open economies a alower socid codt than exiging rules. Theserules
parsmonioudy modify aternative closed or open-economy rules to andyse different ways of explicitly
accounting for the fact that the economy is open. We compare the performance of these rulesto that
of a battery of existing rules when the modd economy is buffeted by various shocks. The exigting
rulesinclude the Taylor closed-economy rule, naive M Cl-based rules as well as Bal’s MCl-based
rule, and inflation-forecast-based rules. Some of the rulesin the family that we consider appear to be
robust across a set of different shocks, including shocks from the rest of theworld. Thisisin contrast
to riva closed-economy smple rules, which ignore the fact that the economy is open, and M Cl-based
rules, the performance of which can be highly shock-specific.

To test the rules, we stylise the economy — that we calibrate to UK data— as a two-sector
open-economy dynamic stochastic genera equilibrium mode. The export/non-traded sector split is
important because it alows us to discern different impacts of the same shock on output and inflation in
the two sectors. Identification of sectord inflation and output dynamicsis akey dement on which to
base the design of efficient policy rules. More generaly, it dso makesit possible for the monetary
authority to consider the costs of price stabilisation on each sector of the economy.

To mimic observed stickinessin the adjustment of prices and wagesin the United Kingdom, our
mode aso features awide range of nomind rigidities, modelled using the Calvo (1983) approach.®

) See Bryant et al (1993) and Taylor (ed) (1999).
@ Clarida, Gali and Gertler (1998, 2000) offer awealth of empirical international evidence on monetary policy rules.
Clarida (2000) employs the empirical framework of Claridaet al (1998, 2000) to explore the performance of historical
monetary policy rulesin open economies. Morerecently, Claridaet al (2001) also compared optimal monetary
policy in open versus closed economies. Using astructural, small open-economy model they show that ‘ under
certain standard conditions, the (optimal) monetary policy design problem for the small open economy is
isomorphic to the problem of the closed economy [...] considered earlier’, (Claridaet al (2001), page 1, textin
brackets added).
@ For simplicity, in what follows we refer to rules devised for economies that are closed as ‘ closed-economy’ rules
and to rules devised for economies that are open as ‘ open-economy’ rules. By thiswe do not necessarily imply,
however, that closed-economy rules are intrinsically unsuited as demand-stabilising tools in economies that are
open. See Taylor (2001) for adiscussion of thisterminology.
“ See King (1997) and Batini and Turnbull (2000) on the potential flaws of MCl-based rules.
® We use the Calvo approach because it is easy to implement. However, the results that we derive may be
sensitive to this assumption as other (similar) specifications of price stickiness can lead to quite different inflation
dynamics (see Kiley (1999) and Wolman (1999) for details).
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Specificaly, we assume that non-traded goods prices and nomina wages are sticky. Moreover, we
suppose that the price-setting decisions of importers (of both find goods and intermediate inputs) are
subject to both Cavo-style price stickiness and a one-period decision lag. This helpsto capture the
empirica fact that exchange rate pass-through is duggish. These nomind rigidities have two crucid
implications for our moddl. Firg, in our mode economy macroeconomic equilibrium isinefficient, as
with sticky prices changes in aggregate demand give rise to ‘Okun gaps, in turn arising from specific
microeconomic distortions. Second, monetary policy hasred effects, and can be designed optimally
to offset these various distortions. Specificaly, Sncein an open economy monetary impulses are
trangmitted viamultiple channels, in our mode an efficient smple palicy ruleis one that offsets
distortions by exploiting effectively al those channels.©

Since our modd istheoreticdly derived on the assumption that consumers maximise utility and firms
maximise profits, the model has arich structura specification. This enables us to contemplate shocks
that could not be anadlysed in less structurd or reduced-form small macro-models. In particular, with
our modd, we can examine the implications of shocks to aggregate demand such as a shock to
households' preferences, or a shock to overseas output. On the supply side, we can consider shocks
to overseasinflation. We can andlyse the impact of a relative productivity shock on the two sectors
and investigate how this affects the red exchange rate by dtering the relative price of non-tradables
and exports. We can dso look at the effects of achange in the price of imported intermediate goods.
We can examine the effects of shocks to the foreign exchange risk premium. Findly, we can look at
the implications of a monetary policy shock, both at home and abroad.

The &bility to examine dl these different shocks is important when comparing aternative policy rules
for an open economy, because, for ingtance, the efficient policy response to changes in the exchange
rate will typically depend on the shocks hitting the economy, with different shocks sometimes requiring
opposite responses. For this purpose our smal economy generd equilibrium modd is sufficient. A
two-country mode would enable usto look at these same shocks, but we believe the smal-economy
assumption ismore redistic for the United Kingdom.

The rest of the paper is organised asfollows. In Section 2 we lay out the model that we use
throughout. The cdibration of the mode is discussed in Section 3. In Section 4 we study some
properties of the modd and compare them to the properties of UK data. In Section 5 we specify a
family of smple open-economy rules, we then compare the stabilisation properties of these rules with
those of a battery of dternative smple rulesin the face of various disturbances. Section 6 concludes.
The technica annexes contain further details about the modd’ s non-linear and log-linear
specifications.”

©® Of course, our model does not fully capture all the dynamics evident in the data. In addition, in evaluating the
variousrules, for tractability we use aloss function defined over quarterly inflation, rather than the annual inflation
rate, which is more often of concern to policy-makers. For both reasonsthe analysisis probably more instructive
about the relative performance of different rules, rather than the optimal setting for the coefficients or horizonin a
particular rule.
() Once the model was cast into log-linear form, we found a solution consisting of decision rulesfor all the
endogenous variables in terms of the state variables. This solution was computed using Klein’s (2000) algorithm.
10



2 A two-sector open-economy optimising model

The mode we useis a cdibrated stochastic dynamic genera equilibrium modd of the UK economy
with a sectoral split between exported and non-traded goods. Its specification draws on the literature
on open-economy optimising modds by Svensson and vanWijnbergen (1989), Correia, Neves and
Rebelo (1995), Obstfeld and Rogoff (1996), and more recent work by McCalum and Nelson
(1999). In thissense, the modd is close in spirit to anumber of open-economy models developed at
or after the time of writing by Monacelli (1999), Gai and Monacdlli (1999), Ghironi (2000), Smets
and Wouters (2000), Benigno and Benigno (2000) and Devereux and Engle (2000). However, it
builds on dl of these, individualy (and other dosed-economy optimising models), by introducing
severd nove festuresthat are described in detail below.

The model describes an economy that is‘small’ with respect to the rest of the world. In practice, this
means that the supply of exports does not affect the foreign price of these goods. It dso means that
the foreign price of imported goods, foreign interest rates and foreign income are exogenous in this
modd, rather than being endogenoudy determined in the internationa capital and goods markets, as
would happen in amultiple-country, globa-economy modd. Findly, it meansthat al consumption of
traded goods consists of imports and all intermediate goods used in production are also imported.®

2.1  Household preferences and government policy

The economy is populated by a continuum of householdsindexed by jT (0,1). Each houschold is
infinitely lived and has identica preferences defined over consumption of a basket of (find) imported
and non-traded goods, leisure and real money balances at every date. Households differ in one
respect: they supply differentiated labour servicesto firms. Preferences are additively log-separable
and imply that household jT (0,1) maximises:

¥ > .
E,& b'Se (6, (1)- x.00y() +dIn(1- h(j))+——fee))
t=0 8 l-eg P,

(_jl— e 0

> 2 ()
2 g

where0< b < 1; d, c and e arerestricted to be positive and E, denotes the expectation based on
the information set available a time zero. In equeation (1), c, (j) istota timet real consumption of
household j, n, isawhite noise shock to preferences — essentialy a demand shock, described in
more detail in Sections 3 and 4 — and h, (j) is labour supplied to market activities, expressed asa
fraction of the total time available. Sotheterm (1- h,(j)) capturesthe utility of time spent outside
work. Thelastterm W, (j)/ P representsthe flow of transaction-facilitating services yielded by red
money baances during timet (on which more later). Hence here, asin the standard Sidrauski-Brock
modd, money enters the modd by featuring directly in the utility function.

In addition, since x T [0,1), preferences over consumption exhibit habit formation, with the functional
form used in equation (1) smilar to that of Carrol, Overland and Weil (1995)

® This assumption clearly does not hold as alarge proportion of intermediate goods and finally consumed traded
goods are produced domestically. However, it considerably simplifies our analysis, and because we are not
interested here in studying either the transmission of economic shocks across countries or issues of policy
interdependence, it comes at arelatively small price.
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and Fuhrer (2000). Thisimpliesthat preferences are not time-separable in consumption, so that
households' utility depends not only on the level of consumption in each period, but dso on their leve
in the previous period.

Tota consumption is obtained by aggregating the consumption of imported and non-traded goods
cu, and ¢, , viathe geometric combination ¢, =c}, ¢, wheregl (0,1). Here ¢,,, and ¢,
represent imported and non-traded goods purchased by the consumer from retailers at prices P,
and R, , respectively. Itiseasly shown that the consumption-based price deflator is given by:

g plg
Pu t PN,t

t~ g 1-9 '(9)
g°(1-9)

Households have access to a state-contingent bond market. Bond b(s) in this market is priced in units
of consumption, has pricer(s) in period t, and pays one unit of consumption in Sate sin period t+1.
In practice, this means that househol ds within the domestic economy can perfectly insure themsdaves
agang idiosyncratic shocksto income. In equilibrium, consumption and real money baances are
equa across households. So households differ only because labour supply varies across the
population.

In addition to this bond market, each household can dso access a domestic and aforeign nomina
government bond market at interest ratesi and i, respectively. For the time being, we assume that
both kinds of bond are riskless, but we investigate what happens when there is aforeign exchange
rate risk premium in Subsection 2.4. Money isintroduced into the economy by the government.
Because Ricardian equivaence holdsin this mode, we can assume without 1oss of generdity azero
net supply of domestic bonds. Then the public sector budget congtraint requires that al the revenue
associated with money creation must be returned to the private sector in the form of net lump-sum
transfersin each period:

Mt' Mt—lth (2)

where M, isend-of-period t nominad money balancesand T, isanomind lump-sum transfer received
from the home government at the start of period t.

We assume that the monetary authority sets policy according to asmple ‘monetary policy rul€’ that
relates the nomind interest rate (its instrument) to a set of endogenous variables. These could include
current or lagged endogenous variables as wdll as current-period expectations of future vaues of
endogenous variables. The exact rules we consider are described in Section 5 below.

Household |’ s dynamic budget congtraint in each period is given by equations (3) and (4) below.
Equation (3) describes the evolution of nomind wedth. Equation (4) defines the nomind baances
available to consumers to spend at timet. Thisreflects the assumption that consumers participate in
the financia markets before spending money on goods and services. As suggested by Carlstrom and
Fuerdt (2001), entering money baances as defined in (4) in the utility function gives a better measure
of period utility; one in which we account exclusvely for the services of balances that are actudly
available to households when spending decisions are taken.

© Formally, P, defines the minimum cost of financing a unit of consumption, ¢,. See Obstfeld and Rogoff
(1996, pages 226-8) for asimple example.
12
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M. () +B.(]) +— (.J) +BRor (9b, (s, )ds=M,,(j) + A+i.,)B,_,(])
e (J) ©)

- Bia(l) : R .
+(1+|f1t_1)f’tTl+ Ptébt.l(S, j)dS+VVt(])ht(j)+ D +T, - Ptct(J)

B () B, (J)

- B(i)- @
t

where M, isnomind money bdancesa timet-1, B, (j) and B, () aretimet-1 holdings of
domestic and foreign bonds respectively and D, are lump-sum dividends from shares held in
(domedtic) firms. Household j’s holdings of (State-contingent) bond by(s) are b(s;j). With € we
denote the nomind exchange rate, expressing domestic currency in terms of units of foreign
currency.™® Findlly, W, ( j) isthe nomina wage rate received by houschold j. Because each
household supplies differentiated labour services, it has some market power over the wage rate. So
we assume that household j chooses ¢, (j), B.,(j), B;..(]), W,(j), M(j) adb(sj) to
maximise (1) subject to (3) and (4). The choice of wage W(j) is discussed in Subsection 2.3.2.

Wi(1) =M (D +T + @ +ic)Be (5) + @+ )

2.2  Technology and market structure
This subsection describes the supply side of the economy by sector.

We assume that in our economy there are two kinds of producing firms: non-traded goods producers
and export producers. By definition, non-traded goods are only consumed domestically, while we
assume that exports produced a home are only consumed abroad. To produce, the exports and
non-traded goods producers buy intermediate non-labour inputs for production (labour is purchased
domesticaly from the households) from a group of ‘imported intermediate input retallers . Since
consumers aso purchase their fina imports and non-traded goods via ‘retailers , the economy hasa
total of three groups of retalling firms: imported intermediates retailers, nonttraded goods retailers and
find importsretalers. Findly, both find imports retailers and imported intermediates retallers
originaly purchase their ‘input’ from a group of ‘importers who, in turn, acquire goods from the
world markets. There are two types of importers, one for each import. We refer to the first group as
‘fina goodsimporters and to the second group as ‘ intermediate inputs importers . Chart 1 depicts
the goods market structure of the modd, indicating for each group of firms the degree of market
power and the technologica congtraints that they face.

(19 59 that an increase in e represents an appreciation of the domestic currency.
13



Chart 1: Goods markets structure

Consumers

Non-traded Final imports
goods retailers
retailers PC/A(CES)

PC/A(CES) A
-~
Exports Non-traded
producers goods
PC/C(C-D) producers
IC/C(C-D)
N
Intermediate
input
retailers
PC/A(CES)
L Amporters
Cintermediates -
o PCIACES)

Note: PC = perfectly competitive; IC =imperfectly competitive; A = aggregates differentiated goods only;
C =combines labour and intermediate goods to produce; CES = constant elasticity of substitution production
function; C-D = Cobb-Douglas production function.

This seemingly complicated representation of the supply sSdeis desirable because, as we discuss later
(Subsection 2.4), it enables us easlly to introduce nomind rigidities, which mimic observed UK
empirica evidence on price and wage dynamics as well as give scope to monetary policy actions. In
what follows, we describe each sector in turn, starting from the non-traded goods sector. By * sector’
we mean alarger group of firms, which includes producers and retailers operating in the market of the
same good. The behaviour of the two groups of ‘importers’ is described in the ‘final imports sector’
and in the ‘intermediate goods sector’ subsections, rather than in separate subsections. Next, we
discuss the way in which the labour market is organised (Subsection 2.2.5), and then focus on price
and wage-setting behaviour (Subsection 2.3).
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2.2.1 Non-traded goods sector

We assume that non-traded goods retailers are perfectly competitive. These retailers purchase
differentiated goods from a unit continuum of monopoalistically competitive non-traded goods

(1)

producers and combine them using a CES technology:

NECN

&, Uian) 4 Y
Yni :éO’N,t(k) "V dky ®)
€o a

Profit maximisation implies that the demand for non-traded goods from producer ki (0,1) is given by

14N

P, (Ko™

k) = 6
yN,t( ) mg yN,t ( )

where P, , (k) isthe price of the non-traded good set by firm k. The assumption of perfect

competition implies that retallers profits are zero. Thisrequiresthat:
\'qN

él\ -1/q u
Poe = édDN,t (k)™ dky (7)
€o a
Producers of non-traded goods use a Cobb-Douglas technology with inputs of an intermediate good
(1) and labour (h):
Yo (K) = Agchy (K 1 ()72 )

Non-traded goods producers are price-takers in factor markets and purchase inputs from imported
intermediates retailers (on which more later). So non-traded goods producers choose factor
demands and a pricing rule (discussed in Subsection 2.3) subject to technology (5) and ademand
function (6).

2.2.2  Export sector
The export sector produces using a Cobb-Douglas technology:
Ve = A X5 ©)

where A, , isaproductivity shock. We assume that production is efficient in the export sector, ie
that margind cost isequd to price in equilibrium.

) This technology facilitates the introduction of nominal rigidities and has been widely used in recent micro-
founded models.
15



We assume that the scale of exports is determined by a downward-doping demand curve:

-h
&P, 0
X, = = 10
t ge : Vi (10)

where B isthe exogenous foreign currency price of exportsand y, , isexogenous world income®?
Thisis the same formulation of export demand as McCalum and Nelson (1999). The exogenous
foreign price of exportsis the same as the exogenous foreign currency price of imports used in
equation (14) beow.

2.2.3 Intermediate goods sector

Intermediate goods are sold to export and non-traded goods producers by retail firms that operate in
the same way asthe retailers discussed in Subsection 2.2.1. These ‘imported intermediates retailers
purchase inputs from ‘intermediate goods importers who buy a homogenous intermediate good in the
internationa markets and then cogtlesdy tranform it into a differentiated good that they sl to
retalers. Thisyiedsanomind profit for importer k of:

é P U
D, (k) = &R (k) - —uyi (k) (11)
8 &a

&P (K)o ™

P o

price of the intermediate good. The firm chooses a pricing rule (discussed in Subsection 2.3) to
meaximise the discounted future flow of red profits.

where y,  (K) = Y, . » @in previous sections and F{t is the exogenous foreign currency

2.2.4 Final imports sector

We assume that retallers of find imports are perfectly competitive, purchase differentiated imports
from ‘fina goods importers and combine them using a technology andogous to that used by
nonttraded retailers. Following the analysis of Subsection 2.2.1 we get:

ah, (Ko ™
Yo (K) =G—==% y, (12)
Pu t g
and
21 <Oy
e\ -1/q u
Put = &0 u. (K™ dky (13)
€o a

Asfor intermediate imported goods, final imported goods are purchased from world markets by
importers who buy a homogenous find good from overseas and costlesdy convert it into a
differentiated good.*® Nominal profits for these importersin period t are then given by

(2 Note that firmsin the export sector cannot exploit the downward-sloping demand curve if the price elasticity of
demand isless than unity, as we assume below.
3 Intuitively, this can be thought of as ‘branding’ a product.
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Dy, (k _§ -P—tu Kk 14
M,t( )—QPM,t gyM,t( ) (14)
é &0

where P” isthe exogenous foreign currency price of the imported good. Firms choose apricing rule
(discussed in Subsection 2.3) to maximise the discounted flow of red profits subject to demand (12).

2.2.5 Labour market

Asdiscussed in Subsection 2.1, households set the nominad wage that must be paid for their
differentiated labour services. We assume that a perfectly competitive firm combines these |abour
servicesinto a homogenous labour input that is sold to producers in the non-traded and export sector.
This st-up follows Erceg, Henderson and Levin (2000) and relies on an aggregation technology
analogous to those discussed in previous sections:

1+qy,

é u
= acn ()YE™dig (15)
& a

Thisimplies alabour demand function for household j’ s labour of the form:
1+qy,

N, (j) 0 av

h(j) = = h 16
(1) W(z (16)

Households take the labour demand curve (16) into account when setting their wages, as discussed in
the next section.

2.3 Price and wage setting

As we have anticipated, the supply-sde structure described in Subsection 2.2 facilitates the
introduction of nomind rigidities. We assume that in both prices and nomina wages prices are sticky
and model them in the same way as Calvo (1983).%Y Bdow we discuss what thisimplies for the
pricing decisons facing different economic agents, starting with the pricing decisons of non-traded
goods producers.

2.3.1 Pricesetting

We assume that the non-traded goods producers solve the following optimisation problem:

¥ 1+p)°P,, (k 0
max Et é(be)SLl,Hs% p) NYt( ) - Vt+s§3/N,t+s(k)
s=0 g I:)t+s 4]

9 Asnoted earlier, Kiley (1999) and Wolman (1999) show that different specifications of price stickiness (where
the probability of price adjustment is not constant) can lead to significant differencesin the behaviour of inflation.
So our results are conditional on aspecial case of staggered price setting. However, the Calvo pricing structureis
commonly used in recent papersin the literature on monetary policy rules. In thissense, we areretaining adegree
of comparability with previous studies.
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F)N Jt+s B
wheref  isthe probability that the firm cannot changeits pricein agiven period, and L, isthe
consumer’ s red margina utility of consumption. The Steady-dtate grossinflation rateis (1+p) and
prices are indexed at the steady-dtate rate of inflation. So when afirm setsaprice a datet, the price
automaticaly rises by p% next period if the firm does not receive asignd alowing it to change price.
The parameter g, represents the net mark-up over unit costs that the firm would apply in aflexible-
price equilibrium. Findly V (expressed below) is the minimised unit cost of production (in units of fina
consumption) that solves:

CIW, P s T a ‘a
Vies = mn}.ﬂhN,Hs (k) +|:|>’—t| N t+s (k)g subject to Ay r+shy g5 (K) ™ IN,t+s(k)(l vo=1

t+s t+s
The first-order condition for the firm’s pricing decison can be written as.

¥ o,  @0y@+p)*Py. (k) 0
Et a.o(bf N ) L Lt+s§ N P M + (1+qN )Vt+s yN,HS (k) = O (17)
s t+s g

Importers of the fina import good for consumption and importers of the intermediate good used in
production face the same pricing problem confronting non-traded goods producers. But to introduce
duggishnessin the pass-through of exchange rate changes to import prices, we assume that pricing
decisons are based on the information set available in the previous period. Thisisthe assumption
made by Monacdli (1999). Given this additiona assumption, the first-order conditions become:

¥ . &, @1+p)°R, (K 0

Et—l a (bf M ) Ll,t+SF . all + (1+q M )VM,t+S yl\/l ,I+S(k) = 0 (18)
s=0 g Pt+s 7]
¥ . @0 @1+p)° P, (K )

E.18(bf) Ly &— S+ (140 Vi s Y145 (K) =0 (19)
s0 g Pt+s I}

where the notation is anadlogous to that used above. The trivid production structuresin these sectors

imply that unit costsaresmply givenby V,, , = i

adV B = R
=
eP, ' gP
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2.3.2 Wage setting

The wage-setting behaviour of households is based on Erceg, Henderson and Levin (2000) and is
closaly related to the price-setting behaviour of non-traded goods producing firms.“® Following
Erceg et al (2000), we suppose that household j is able to reset its nomina wage contract with
probability (1- f,,). If the household isallowed to reset its contract at date t, then it chooses a
nomina wage W, (h) that will be indexed by the steady-state inflation rate until the contract is reset

once more. The household chooses this wage rate to maximise discounted expected utility for the
duration of the contract, subject to the budget constraint (3) and the labour demand function (16).
Hence, the firg-order conditionis:

¥ Sé 1+p)SW. (i d U i
E A (bf ) eI VW) g —3 . ()=0. (20)
& (btw) e—p I h.()l

2.4  Theexchange rate and the balance of payments

Combining the first-order conditions for domestic and foreign bonds from the household's
optimisation problem gives the familiar uncovered interest parity condition. A firg-order
goproximeation gives.

Elloget+1' loget:if,t' it+zt (21)

where we have added a stochadtic risk premium term (z, ) to reflect temporary but persistent
deviations from UIP, asin Taylor (1993b).

Despite the fact that domestic nominal bond issuance is assumed to be zero & al dates, domestic
households can intertemporaly borrow or save using foreign government bonds. Pogitive holdings of
foreign bonds mean that the domestic economy can run atrade deficit in the steady state financed by
the interest payments received on foreign bond holdings."®  In addition, since the economy is small,
the foreign interest rate is exogenous in the moddl. So the supply of foreign government bondsis
perfectly elagtic at the exogenous world nomind interest rate. This means that steedy-dtate foreign
bond holdings are indeterminate in our model. As aresult, temporary nomina shocks can shift the
real steady State of the mode through the effects on nominal wedth (see Obstfeld and Rogoff (1996,
pages 684-6) for asmple exposition). This means that the equilibrium around which logHlinear
goproximations are taken is moving over time.

Thisisacommon feature of small open-economy monetary models and can be addressed in a number
of ways. One gpproach is to make assumptions about the form of the utility function (see, for
example, Correiaet al (1995)) or the way in which consumption is aggregated. Thisisdifficult to
implement in our modd if we wish to retain arich structural specification. Another gpproachisto
impose agloba equilibrium condition on assat holdings (and redtrict the trade balance to be zero in dll
periods). But this seemstoo retrictive. So instead we assume that these steady-State effects arising
from changesin the leve of foreign bond holdings are smdl enough to be ignored; this enables usto

9 1n a closed-economy model, this set-up leads to a trade-off between output and inflation stabilisation in the
presence of price and nominal wage stickiness. See Erceg, Henderson and Levin (2000) for details.
(8 Of course, dynamic responses to shocks can lead these bond holdings to increase (by running a smaller trade
deficit) or to be run down (by running alarger trade deficit).
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subtitute foreign bond holdings out of the model and concentrate on the movements of the other
vaiables, asin McCallum and Nelson (1999).

25  Therole of monetary policy in our model

In the previous subsection we discussed the range of nomind rigidities included in our modd.
Specificaly, in Subsections 2.3.1 and 2.3.2, we reviewed our assumptions that non-traded goods
prices and nomind wages are sticky and the assumption that the price-setting decisons of importers
(of both final goods and intermediate inputs) are subject to both Cavo-style price stickiness and a
one-period decison lag.

If we abdtract from the decision lag in importers pricing decisions, the microeconomic distortions
generated by these assumptions are common to both an open-economy and a closed-economy
modd, as long as the economy has two sectors with different market power. For example, the
distortions associated with wage and price stickiness from Calvo pricing in our modd are the same
that lead to labour and product market misdlocationsin the US-cdibrated modd of Erceg et al
(2000). Andogoudy, the distortions associated with different degrees of price stickiness in the two
sectors in our model are similar to those characterised in Aoki’ s (2000) two-sector closed-economy
modd. From this point of view, the am of monetary policy in our modd issmilar to thet in aclosed-
economy model, namely, setting the monetary policy instrument o asto offset the exigting (Smilar) set
of distortions.

On the other hand, as explained in the introduction, the transmisson of monetary impulses, ie the
actud way in which the monetary authority removes the digtortions, will differ in an economy thet is
open relative to an economy that isclosed. Thisis because, dthough in both types of economies the
monetary authorities act by affecting the relative cost of borrowing, this action has different
consequencesin an open versus a closed economy. 1n a closed economy changes in the relative cost
of borrowing affect demand by atering households consumption plans. In an open economy those
changes not only affect demand through the consumer Euler equetion (ie viathe ‘ output gap channd’),
but also affect the domestic currency price of overseas goods via the changes they dicit in the
exchange rate (ie viathe ‘ exchange rate channd’). Thisis particularly important in a two-sector
context. In our open-economy model, for instance, one of the two sectorsis ‘internationaly
exposed’, with demand depending on the exchange rate. If price stickinessin one of our two sectors
givesriseto ardative price digortion (ie adistortion in the ratio of non-traded to traded goods
prices), monetary policy can offset that distortion by affecting directly the price of the ‘internationaly
exposed’ sector via changesin the exchangerate. Thisis not possiblein atwo-sector closed-
economy modd, where there is only one channel of transmisson demand.

So in summary, asin most closed-economy models, in our open-economy mode optimal monetary
policy am isto offset the digtortions (and thus * Okun gaps') generated by the various nomina
rigidities. Typicdly, these do not differ substantialy in closed and open-economy set-ups.

However, we aso point out that monetary policy has different effectsin an open versus a closed
economy, because in the former changesin the interest rate affect not just demand but aso the
exchangerate. Anoptima rule would naturaly account for this distinction and respond gppropriately
to dl the variablesin the modd. Since however our focus is on Smple policy rules, the different
emphasis on variables in dternative rules becomes rlevant. In other words in asmple rules context
the selection of feedback variables to include becomes important and we investigate whether
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‘obvious inclusons (like the exchange rate or trade baance terms) improve the stabilisation
properties of existing rules, eg the Taylor rule. For instance, in asmple rule context, it isinteresting to
see whether adding an exchange rate term to the set of feedback variables mattersin this respect.
Thisis atestable propostion. We carry out this and other tests like this by examining the performance
of dternative rules under various criteriaand discuss our findings in Section 5, below.

3 M odel solution and calibr ation
3.1  Solving the model

To solve the model we first derive the relevant first-order conditions discussed in Section 2. Wethen
solve for the non-stochagtic flexible-price steady state and take the log-linear gpproximation of each
non-linear first-order condition around this steady state. This procedure is presented in the technical
annexes.

As shown in the technicd annexes, the modd can be cast in firg-order form:
AE z,, =Bz +Cx (22)
X1 = PX U, (23)

where A and B are 31" 31 matrices, whileC isa31” 8 matrix. Risan8" 8 matrix containing the
first-order cross-correlation coefficients of the exogenous variables, whose white noise iid innovaions
are expressed by the vector u, .

Let f; and k; denote the endogenous and pre-determined parts of the vector z, respectively. Then
the rationa expectations solution to equations (22) and (23), expressing the vector of endogenous
variables f, asfunctions of predetermined (k; ) and exogenous (x; ) variables, can be written as:

f =Xk +X % (24)
&K eku é0u
At+1 e u.|.g>J (25)
e"t+1u &%ty e'td

In this paper we computed this solution using Klein's (2000) agorithm.
3.2 Calibration

We cdlibrate the modd to match key features of UK macroeconomic data. For this purpose, we set
the discount factor, b, to imply a steady-state annuad redl interest rate of 3.5%. Thisisequd to the
average ten-year red forward rate derived from the UK index-linked gilt market snce March 1983.
The steady-dtate inflation rate was set at 2.5% per year: the current UK inflation target.

We assume that steady-state foreign inflation was equd to steady-state domestic inflation; that is,
2.5% per year. Animplication isthat the nomina exchange rateis sationary. We normaise the
steady-state prices of traded goods and intermediate goods (in foreign currency) to unity.

To st the parameter governing the relative weight of traded and non-traded goods consumption, g,
(aswell as other parameters associated with the distinction between traded and non-traded goods)
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we need fird to define data analogues of the two sectorsin our model. De Gregorio, Giovannini and
Wolf (1994) use a sample of 14 OECD countries for the period 1970-85 to estimate the proportion
of world output of various sectors that was exported. They suggest that avaue of thisratio larger
than 10% was enough to imply that the sector could be thought of as producing atraded good. We
follow them in defining our traded-goods sector as including ‘ Manufacturing’, * Transport and
Communications , ‘ Agriculture, Forestry and Fishing' and ‘Metd Extraction and Minerds. All other
goods and services were treated as non-traded goods.

To set the parameter in the utility function reflecting preferences for imports vis-a-vis non-traded
goods, g, we use data on consumption spending on traded versus non-traded goods. To do so, we
equate consumption of non-traded goods with output of non-traded goods and set consumption of
imports equal to output of traded goods less exports of traded goods. We set g equal to 0.122, so
that the implied constant share of consumption spending on traded versus non-traded goods matched
the average value seen in the available data'” We set the habit formation parameter such that the
persstence of the output response to shocks in the modd is Smilar to that in the UK data. The vaue
chosenisx, =0.7.

The weight on leisure vis-a-vis consumption in the utility function, d, is set to ensure that steady-state
hours were equal to 0.3 in the absence of * distortions .™® The required valueis 1.815. Though
essentidly anormaisation, this choice corresponds to an 18-hour day available to be split between
work and leisure time, and workers, on average, working fifty 40-hour weeksin ayear. We set

gy = 0.165 asthisis consstent with steady-state hours of 0.273 when habit formation and
monopolistic supply of labour are accounted for. Thisleve of hours represents a deviation from
‘digtortion-free’ steady hours equal to 9%, the average level of UK unemployment (LFS measure)
between 1983 Q2 and 1999 Q2. We set f,, = 0.75 asthisimplies that wage contracts are
expected to last for one year.

We st the weight on money in the utility functionto ¢ = 0.005. Thisimpliesthat the ratio of red
money balancesto GDP isaround 30% in Seady state. Though thisis somewhat higher than the ratio
of MO to nomind GDP, it isnot clear that ‘“money’ in our model is best proxied by MO in the data.
Theratio of M4 to quarterly nominad GDP islarger; the average for 1963 Q1-2000 Q1 is around
1.4. Soour cdibration fixestheratio of steady-state redl money balancesto GDP at an intermediate
level. We sat e=1, which implies a unit dadticity of money demand. Thisis consgtent with empirica
edimates for the United Kingdom.

To calibrate parameters on the production side of the model we used sectora data where our sectors
were defined as described above. Wefirg cdlibrate the mark-ups that firmsin each sector apply to
unit margina codts, using the results of Smal (1997). Weighting these mark-ups with the respective
sharesin vaue added output,*® we obtain avalue for the non-traded sector gross mark-up of 1.17.
Gross mark-ups for the imported and intermediate goods sectors are found to be 1.183 and 1.270.
These cdibrations imply vauesfor qn, g v and g, of 0.17, 0.183 and 0.270, respectively.

) The ONS data on nominal exports by industry are annual and cover only the period 1989 to 1999.
8 This involved setting the habit-formation parameter (X) to zero and assuming that the el asticity of substitution
between |abour types tended to infinity (qy=0).
(19 ysing weights from the 1985 ONS Bl ue Book.
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Computing eadticities of non-traded and traded goods output with respect to employment gives
esimatesof a , and a , of 0.793 and 0.632 respectively. To cdibrate the probabilities that firmsin
aparticular sector receive sgnals alowing them to change price, we use data on the average number
of price changes each year for different industries. Hall, Walsh and Y ates (1997) find that the median
manufacturing firm changes price twice ayear, the median congtruction firm three or four times a yesr,
the median retail firm three or four times ayear and the median * Other Services firm onceayear. On
this basis, we assume an average duration of prices of Sx months for firmsin the import goods and
intermediate goods sectors and an average duration of four months for firmsin the nontraded goods
sector. Thisimpliesvaduesfor f , f and f  of 0.33, 0.33 and 0.43 respectively.

We st the price dadticity of export demand (h) to 0.2. This approximates the one-quarter response
of the UK export equation in the Bank of England’ s medium-term macroeconomic modd (see
Bank of England (1999), pages 50-51).

Aswe did not have any data on imported intermediate inputs by industry (except for those in the
input-output tables which are only published every five years or s0), we equated ‘ shocks to tota
factor productivity’ in each sector with *shocks to labour productivity’. In other words, we used
quarterly data on gross value added by industry at constant 1995 prices from 1983 onwards (ETAS
Table 1.9) and ‘workforce jobs by industry for the same period® to calculate our productivity series
as.

InA,, =Iny, -a,lInh,, (26)

where Z indexes the sector, y is vaue added and h isworkforce jobs. In order to judtify this
approach, we need to assume that movements in intermediate inputs are ‘smal’ relative to movements
in output and employment.

We now turn to the calibration of the forcing processes. After HP-filtering the two productivity series
obtained from (26) we estimate the stochastic processes for the productivity terms using a vector
autoregressive (VAR) system:

@\T @\Tlg wﬂg
S s e S ke @0

eyt o

The disturbances e;, and e, are normally distributed with variance-covariance matrix Vp. Given

that the mode has zero productivity growth in steady Sate, A? refersto log-deviations of
productivity in sector Z from aHodrick-Prescott trend’. Our estimation results imply:

20705 02278

6 819 143§
»~& 0066 07845

V, =10°%" z
§1.43 7.0445

(28)

(29 \\e adjusted the workforce jobs series prior to 1995 Q3 to take account of alevel shift of about 350,000 in total
workforce jobs when the series wasrebased. To do this, we added to the figure for each industry a share of the
350,000 workers equal to theindustry’ s share in the published total. We combined the output data using the 1995
weights to get real value added for each of our two sectors.
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To calibrate the forcing processes associated with overseas shocks, we estimate another VAR,

We derive processes for the shocks to the one-quarter change in the world price of traded goods and
the world price of imported materids, aswel asto foreign interest rates, the exchange rate risk
premium and world demand. We congtruct a series for the foreign interest rate as a weighted average
of three-month euromarket rates for each of the other G6 countries, using the same weights used to
congtruct the UK effective exchange rate index. For intermediate goods imports we follow Britton,
Larsen and Small (1999) and construct an index based on the imported components of the producer
price index. For the world price of traded goods we use the G7 (excluding the UK) weighted
average of exports of goods and services deflators where the weights match those in the UK effective
exchange rate index. For world output, we use the G7 (excluding the UK) average GDP weighted by
the countries’ sharein tota UK exports of goods and servicesin 1996.

We egimate the following VAR:

® °© °0F =
C Ift If - C Iftl If - ge.t%
glog(PH/P) (P /P*)2= Re oo R 1/ L) - ol P /P ey, = 29
¢ DlogR - DlogP™ =+ g Dlog P, - Dlog P’ + Ge, :
& Je. o & Ve &,

where varigbles without time subscripts refer to their averagesin the dataand Y , isthelog-deviation
of world demand from its Hodrick-Prescott trend. Thedisturbances e, , e, ., . and e  are
normaly digtributed with variance-covariance matrix Ve. The VAR is specified in thisway because
the rest of theworld is modelled in a reduced-form way that does not place restrictions on the long-
run behaviour of varidbles. In particular, if we included inflation of foreign intermediates pricesasa
separate variable then there would be no reason to expect the long-run responses of foreign
intermediates prices and the generd foreign price levd to beequd. If thisredtriction did not hold, then
temporary shocks could shift the steady-state rel ationships between (exogenous) world variables and
destabilise the relationships between the endogenous variables in our modd. Rather than place long-
run restrictions on a VAR including foreign inflation rates, we esimate the sysem in (29).

Using data over the period 1977 Q3 - 1999 Q2 we obtained the following results:

g 0448 - 0006 0083 01408

. _g 2392 0902 029 - 107 -
F7C 0359 -0019 0711 -0.019%
§ 0.357 0003 0079 0962
86.82 447 308  054%

760 31.9 - 223-

Vv, =10°" ¢ i
c 276 0497

é 7.79

@) This VAR can be regarded as a reduced-form representation of the rest of the world. Shocks to the world
economy affect world variables that — because they are forcing processesin our model — affect domestic variables.
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We derived a measure of the sterling exchange rate risk premium derived from the Consensus
Survey® and estimated the following process:

z,=0261z,, +e,,,s, =0.009 (30)

AR z

Fndly, inlinewith McCalum and Nelson (op cit), we assume that the preference shock n, iswhite

noise, and, for smplicity, we set its standard deviation equal to 0.011 as they do for the United
States.

4 Properties of the model

To andyse the dynamic properties of the modd, we have derived impulse response functions for the
key endogenous variables when the modd is hit by amonetary policy shock.

Throughout, we close the model with apolicy rule for the nomind interest rate i,. The rule used here

was estimated using UK data over the period 1981 Q2-1998 Q2. We estimated a reduced-form
model in which there were also equations determining the (log) aggregate output gap ¥, the

deviation of the annual log-change in the RPIX from target® (measured in quarterly units, so that

B, ° (R- P.,)/4) and changesin the (log of the) nomindl trade-weighted effective exchange rate
(DIne,). Themodd, which issmilar to thet in Batini and Nelson (2001), also contains two dummies
(DERM, and D92,) to capture the years of the UK membership of the ERM and the shift in policy
regime which occurred in 1992 Q4.

To compute the impulse responses, we need to identify the monetary policy shock. To do so we
edimate a VAR of the following fornt
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Thisisarestricted VAR that is estimated using OLS.”® Wedsoimpose b, =b,, = 0, which

ensures that the inflation equation does not exhibit a“ price puzzl€ in response to a monetary policy
shock.®® These restrictions are not rejected by the data: the p-vaue of the log-likelihood test is
0.90. In addition, we impose the restriction that the long-run response of the interest rate to inflation
is greater than one. Wefind that the retriction a,, /(1- b)) =1.01 isnot rgjected by the data

(22 The measure is equal to the percentage point difference between the expected 24-month depreciation of the
sterling ERI (derived from the responses of survey participants) and the two-year nominal interest rate differential.
» Measured as the deviation from a Hodrick-Prescott trend.
@) The target rate of inflation is derived in the same way as in Batini and Nelson (2001).
%) The estimated coefficients are available on request.
(%) The ‘price puzzle' occurs when inflation rises in response to amonetary contraction (a positive shock to the
interest rate equation). Thisreaction isdriven by astatistically significant negative coefficient on the lagged
interest rate in the inflation equation.
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(p-vaue=0.07) and we impose this on the interest rate equation.®” Ignoring the constant term, the
edimated monetary policy ruleis:

I, =0.681,_, +0.322 ,, + 0.075y, - 0.014DIn g, - 0.003DERM, - 0.004D924, +e,,
(9.37) (3.65)  (1.93) (2.49) (3.59)

wherei isthe average interbank lending rate expressed in quarterly units, e, , istheresidua, and

t-datigtics are in brackets. We embed thisin the estimated mode and examine the impulse responses

of the variables under ashock to e;, . Thismethodology essentidly follows Ericsson, Hendry and
Mizon (1998).

(31)

We use this identification approach because it dlows us to derive an estimated equation for the
nomind interest rate in which it depends only on contemporaneous vaues of inflation, output and
changesin the exchange rate, plus alagged interest rate term. Such an estimated rule can be directly
compared with a sandard Taylor-type rule in which the nomind interest rate responds to
current-dated deviations of output from trend and inflation from target. If we were, indteed, to use a
standard Cholesky decomposition to identify the monetary policy shock, our estimated rule would
imply that interest rates feed back from contemporaneous and lagged vaues of dl the variablesin the
VAR. Alternatively, adopting the gpproach of Rotemberg and Woodford (1997) — leading the other
vaiablesin the VAR (inflation and output in their case) in order to, in effect, etimate aVAR with a
vector of endogenous variablesequa to [i,,p 4.1, ¥1.1, DIN €,,] — would yidd asimilar dynamic
gpecification of the policy rule. But, even though this gives an estimated equetion for the interest rate
that responds to contemporaneous redisations of output and inflation (as we would like), it implies
very redtricted dynamic specifications for the other variablesin the mode: one in which the leads of
inflation and output depend only on lags of the interest rate and not dso on the leve of the interest rate
atimet.

Since the endogenous variables in the estimated model feeture as deviations from their respective
long-run values % or enter asfirg differences % they are comparable to varigblesin the
log-linearised first-order gpproximation version of the theoretica model described in Section 2. Chart
2 shows the responses of output, inflation and the nominal interest rate to a unit shock to the monetary
policy rule (31) over 30 periods (cdendar quarters). The solid line depicts the theoretical model’s
responses and the dashed line gives the estimated model’ s responses. The shaded areas show
confidence intervals for the responses in the estimated mode.®

The responses of both the estimated and the theoreticd modd broadly agree with conventiona
wisdom: following atemporary rise in the interest rate, output declines, but ultimately revertsto base,
and inflation dlso fals. However, the error bands around the estimated model’ s impul se responses are
generdly quite wide, indicating that these effects cannot be estimated with great precison. So, the
comparison of the two sets of responses should not be taken too literaly.

Pand 1 indicates that, in our theoreticad model, output fals on impact by around 0.25%, following an
unanticipated 100 basis point rise in the nomind interest rate: the same order of magnitude as that of

@) Thefact that the p-value for this restriction is not particularly high may reflect changes in the coefficients of the
monetary reaction function over different subsamples. (See Nelson (2000).)
(8 These were computed by conducting 100 simulations. In each simulation the coefficients of the model were
drawn from the distribution implied by our estimation procedure and the associated impul se response functions
were recorded. The shaded arearepresents the range covered by two standard deviations of the simulated impulse
responses either side of the mean response.
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the estimated modedl. The policy shock response in the estimated modd is dightly more duggish than
that in the theoretica mode and the trough in output following the shock occurs later in the estimated
modd than in the theoreticd modd. The speedier response of output in the theoretical mode reflects
the rapid response of the net trade component of aggregate output in that moddl. The theoretical
model does exhibit a duggish and ‘hump-shaped’ consumption response, reflecting the high vaue of
the habit formation parameter (x). Thisresult accords with the findings of Fuhrer (2000).

27



Chart 2. Impulse responses following a 100 basis point monetary policy shock
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Panel 2 compares the inflation responses of the theoretical and estimated models. In the theoretical
modd, inflation responds earlier and more intensay than the estimated modd. There, inflation touches
itsnadir around ten quarters after the shock, and returns smoothly back over a period of about two
to three years. The difference between the two responses reflects the fact that the theoretical moddl,
even accounting for the built-in persstence, is forward-looking. This means that output and inflation
can ‘jump’ immediately in responseto ashock. In contragt, inflation and output in the estimated
modd are entirely backward-looking.

Panel 3 depicts how the (nomind) interest rate responds. While it rises by afull 1% in the estimated
model, the nomind interest rate rises by dightly lessin the theoretical modd. Again, thisreflectsthe
fact that output and inflation jump immediady in regponse to the shock in the theoreticd modd. So a
shock to the monetary policy rule manifests itsdlf in the form of changesin output and inflation as well
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as achangein the nomina interest rate. In the estimated mode!, the output and inflation equations are
entirdy backward-looking so that shocks to the monetary policy rule can only affect the nomina
interest rate.

A second way of eva uating the correspondence between UK data and our model is to compare the
dynamic cross-correlations of key variables from the data with those from the mode.®? Chart 3
shows this comparison for (log deviations of) aggregate output (y), value added sectora outputs (y,
and vy, ), anud CPl inflation (p ,), the nomind interest rate (i) and the real exchangerate (q). In
each of the 36 pands, the solid line illustrates the theoretica cross-correation function and the dashed
line the cross-correlation function from the data.

Chart 3 indicates that our model seems to account for the autocorrelations of the data to a reasonable
extent (see charts on the diagonal). In particular, our modd can in part replicate the degree of
persstence of inflation seen in the data, athough thisis mainly driven by persstence in the exogenous
shocks. Themode is perhaps less successful a capturing cross-corrdations: for example, the
dynamic relationship between the red exchange rate and some of the other variablesin the pand.

Chart 3. Cross-correlations of selected endogenous variables
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) For the model, the cross-correl ations were computed using a variant of the Hansen and Sargent (1998) doubling
algorithm also used by Williams (1999).
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5 A comparison of alternative smplerules

In this section we present results from the modd when it is closed with dternative monetary policy
rules. Inwhat follows we assume that deviations of the nomind interest rate from base are alinear
function of deviations of endogenous variables (current, lagged or expected) from base. So we
congder rules of the form:

i = Rg, (32)

where g isthe set of feedback variablesin the rule (a subset of dl the endogenous and exogenous
varigbles in the model) and Ris arow vector of coefficients® A smple rule therefore consists of
two components, the vector of feedback variables, g, and the vector of coefficients, R We define
generic classes of rules by the g vector, ie, by the set of feedback variables.

To carry out the comparison, we consder smple ‘optimised’ rules. In this case, the Rvectors are
those that minimise the policy-maker’ s loss function for each rule. The specification of the rulesisthe
one originaly suggested for thoserules, ie, the set of feedback variables, g, corresponds to the set
initialy proposed by the rule s first advocate®® By contrast, as anticipated, in our family of open-
economy smplerules, we vary the vectors of feedback variables, g, relative to those implied by
existing rules, to better account for the exchange rate channd of monetary transmission.

51 Two alternative welfare criteria

For the policy-maker's loss function, we chose a standard function in which the loss was quadratic in
asympitotic variances of inflation deviations from target and output deviations from potentid. Thisis
often used as ametric for capturing policy-makers preferencesin studies that attempt to evauate the
trade-off between inflation variability and output varigbility, under dternative specifications of the
interest rate rule (see Taylor (1999)). Algebraicaly, theloss, L, can be written as.

L,(p,Y,i) =w, AVar (4p) +w, AVar (y) +w; AVar (D4i) (33

which isalinear combination of the asymptotic variances (AVar) of annualised inflation and output,
and the change in the (annuaised) nomind interest rate. Following Batini and Nelson (2001) we set
w, =w, =1. Of course, policy-makers are often interested in the behaviour of annud inflation,
rather than the annudised quarterly inflation rate. However, it greetly smplifiesthe andyssto work
with quarterly inflation in equation (33) and the choice is unlikely to affect the relative performance of
the various rules.

Theincluson of aterm in the variability of the nomind interest rate is designed to address the fact that
optimised coefficients for ample rules often imply very aggressive policy responses. In practice, this
would lead to large movementsin the policy insrument. Casua empiricism suggests that policy-
makers prefer gability in the instrument, which implies that nomind interest rate variability should be

) Note that by using lag and |ead identities within the model, the set of variables that could beincluded in the rule
islarge.
Y For example, an output gap and an inflation gap (deviations of actual inflation from its target or equilibrium
value) for the Taylor (1993a) rule; and an expected inflation gap (deviations of future expected inflation from an
inflation target) and an interest rate smoothing term for the inflation-forecast-based rule.

30



induded in the loss function.®? Perhaps more importantly, when taken literaly, aggressive policy rules
often imply that policy-makers should set a negative nomind interest rate, despite the generd
presumption that nomind rates cannot fal below zero (see McCalum (2000) and Goodfriend

(2000)). Thisissueisdiscussed in Williams (1999).

Including aterm in the loss function is one way to ensure that rules with optimised coefficients do not
imply that there is a high probability that the zero bound on the nomind interest rateisviolated. The
choice of theweight w; depends on the model being used. Following Rudebusch and Svensson
(1999), Batini and Nelson (2001) set w =0.5. Weset w, = 0.25, which ensuresthat thereisa

relatively low probability of violating the zero bound for the optimised rules we consider. We discuss
this further below.

Turning to the vector of ‘optimised’ coefficients ( ﬁ), thisis chosen asfollows

F"é:argmg{n L(p,y.i) (34)

To derive it, we employ asimplex search method based on the Nelder-Mead agorithm.®

In addition to loss L, upon which we optimise to get coefficientsinthe R vector, we consider a
second measure of 10ss, ig, a utility-based loss function, which we denote L, . However, we do not

derive asecond vector of optima coefficients from thisloss. Rather, we use it as a metric to measure
the amount of utility loss associated with each rule when the authorities derive coefficients for the rules
by optimising a set of preference described by the firdt, standard quadratic loss function L. Inthis
sense, we can sl use this second metric to assess which rules are successful a minimisng (the sum
of) the inefficiencies present in our modd, athough the rules we consder will not be specificdly
designed to that end. The reason why we opt to choose coefficients optimisngon L, rather than

L, isthat, in the absence of ad hoc added interest rate variability terms the latter suggests unplaugbly

aggressive coefficients for our battery of rules. Adding an ad hoc interest rate variability term defies
the same rationale for using utility-based losses. On the other hand excluding it leaves us with results
that are difficult to compare with much of the literature on optimised smple rules.

Following Woodford (2001), we derive L, by taking a second-order log- linearisation of the utility

function (1) around the steedy state. The derivation is very similar to that of Erceg et al (2000).%9
We ignore the congtant and first-order terms (the latter are zero in unconditional expectation) and
focus on the unconditiona expectation of the second-order terms. The result is shown in equation
(35), below. This shows that this measure of 10ss depends on a number of factors. Thefird line gives
the loss associated with variations in consumption and red money balances. Thetermin the
(asymptotic) first-order autocovariance of consumption appears because of the habit formation
assumption. The rest of the loss function eval uates the loss due to heterogeneous labour supply. The
termsin the variances of prices, non-traded goods inflation and wages are analogous to those in Erceg
et al (2000). The remaining termsreflect the fact that, in our modd, labour is purchased by exporters
aswell as by non-traded producers.

(%) The fact that the interest rate smoothing term in the estimated rule — equation (31) —is high and significant,
suggests that — historically — interest rates have not responded aggressively in the United Kingdom.
) The method is contained in the MATLAB Optimization Toolbox and detailed by Lagarias et al (1998).
) The derivation is available on request.
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The terms that appear in equation (35) are directly related to the distortions present in our model.
Specificaly, the welfare of the representative consumer is adversdy affected by variability in
nonHtraded price inflation, nomina wage inflation and the impact of wage rigidity on the dlocation of
labour between the export and non-traded sectors. Termsin the variability of price inflation and
nomina wage inflation appear in closed-economy modds, such as Erceg et al (2000). But equation
(35) showsthat, in a two-sector economy, agents care aso about the co-movement of output and
employment in the two sectors. Since an open economy like ours typically has a least two sectors (ie
the traded and non-traded goods sectors) this aspect is plausibly a constant feature of utility-based
losses in open-economy models.

Sincethisloss function is derived from the utility of the households, it seemsto be a good way of
judging the welfare effects of monetary policy rather than using an arbitrary loss function %2 such as L
%, as has been common in this literature.®> However, it is not necessarily ided asit requires usto
make some judgments about how to measure welfare in amode with heterogeneous households.

Finaly, to obtain the asymptotic variances in equations (33) and (35), we again used the doubling
agorithm of Hansen and Sargent (1998).

5.2  Abattery of rules

We evduate the relative performance of the following classes of rules. (i) the estimated policy rule
(see Section 4); (ii) aTaylor rule; (iii) an inflation forecast-based (IFB) rule; (iv) anaive MCl-based
rule; (v) Bal's(1999) rule; and (vi) afamily of aternative ‘open-economy’ rules. This battery of
rules encompasses the mainstream of the literature on smple policy rules for both closed and open
economies, but adds a series of new ample rules that dightly modify existing rules in the attempt to
better suit monetary policy in open economies.

The estimated rule enables us to assess the remaining rules vis-a-vis history, and to infer whether,
using these other rules, it may have been possible to do better than historically. The Taylor rule was
devised for aclosed economy (the United States), where the exchange rate channd of monetary

) Note that, because we characterise the economy using alog-linear approximation, thereis no clear advantage to
evaluating an exact utility function; see Woodford (2001, page 5).
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tranamisson has a negligible role in the propagetion of monetary impulses. |FB rulesimply that the
interest rate should respond to deviations of expected, rather than current, inflation from target.®

A naive smple rule based on aMCI is one that entails adjusting the nomind interest rate to ensure that
real monetary conditions are unchanged over time. Ball’s (1999) ruleis aless naive specification of a
M Cl-based rule where policy-makers alter a combination of interest and exchange rates in response
to deviations of (an exchange-rate-adjusted or ‘long-run’ measure of) inflation from target and output
from potentid.

Findly, welook at a set of dternative open-economy rules. As anticipated, these rules are designed
for an economy that is open.

Idedlly, following Ball (1999), we want these rules to do two things. First, dongside the standard
output ggp channd, the rules should aso exploit the exchange rate channd of monetary transmission.
In other words, they should take account of the fact that changes in the nomina interest rate in an
open economy affect not just demand via the consumers Euler equation, but also overseas goods
pricesin domestic currency terms viathe changesit dicitsin the exchange rate. This should make
policy more effective sSince it ensures that the amount of adjustment imposed on each sector after a
shock isafunction of both the degree of nomina inertiain the sector and the extent to which each
sector is affected by the various types of monetary impulses. Second, they should only augment
closed-economy rules (eg, Taylor (1993a) and Henderson and McKibbin (1993)) in a parsmonious
way. Thisis because, both on credibility and monitorability grounds, there is a clear merit in having a
rule that is Smple to compute — ie arule that does not introduce any extra uncertainty in the
measurement of its arguments —and that can be easily understood by the public.

For this purpose we consder four different rules, which account for the openness of the economy in
vaiousways. Thefird rulein the family (OEL) ingteed, is a modification of the
inflation-forecast-based rule of Batini and Haldane (1999), which adds to that rule an explicit
response to the real exchange rate (again contemporaneous and lagged, unrestricted). In principle, an
IFB rule aready accounts for the exchange rate channel of monetary transmission, inasmuch asthis
underlies the equations that inform the forecast for inflation. So evauating this rule enables usto
understand whether incorporating a separate exchange rate term in an IFB rule provides information
over and above that aready contained in the inflation forecast.®” The remaining rules we look a are
vaiants of Ball’s (1999) rule. More specificdly, the first variant (OE2) adds to the sandard
feedback termsin Ball’ s rule a term responding to the balance of trade. The second variant (OE3)
replaces aggregate output with output gaps in the two sectors; this takes explicit account of the fact
that components of GDP differ in their internationa exposure. And the third variant (OE4) has the
interest rate responding to the same variables asin Bal (1999), but imposes aredtriction on the
contemporaneous and lagged red exchange rate terms, so that their coefficients are equal and
opposite. In practice, thisimplies that the policy-makers respond to timet changesin the redl
exchange rate rather than leves of it.

Table A lists exact specifications of rules (i)-(vi). Throughout the table, i, denotes the percentage
point deviation of the short-term nomind interest rate from steedy Seate; p, and y, arelog-deviaions

(%) See Batini and Haldane (op cit).
") See also Batini and Nelson (2000) for a comprehensive study of this issue using a small-scale structural model
of the UK economy.
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of inflation and GDP from base, Eip.«isinflation expected at t + k; g, isthe red exchangerate,

Da, represents changes in the real exchange rate; BT is the balance of trade; De, indicates changesin
the nomina exchangerae; y, ,and Y, , , are sectora output gaps (of the non-traded and export
sectors, respectively); and, findly, p,, and ¥, are defined in Section 4.

TableA: A battery of rules

Rule' s specification Name Author Author’ssuggested coefficients

itzliit—l+|p§41+ |y§4 +|Dg | Estimated | Section 4 of this | ,=0.075,1,=0.322,1, =0.68 and

rule paper | =-0014.

i, =1 N} +]| Vi Taylor rule | Taylor (1993a) Taylor (1993a): | , =151, =01 .
Henderson-McKibbin (1993): I, =2;
l,=0.5"

it:| iit-l+|pEtpt+j IFB rule Batini and Haldane j=5,1,=05 and|p =5

(1999), among others

it =p,- Mg, NaiveMCI | - m=1/3

rule

i, =1y, +l p+l 0+ q, |Bal'srue | Bal(1999) |, =193,1,=251,1, =-0.43 ad
l 2 =0.3-

i =L, Ep +1q +1,0, | OEL This paper See Table B below

=1y + e H g+ L, OE2 This paper See Table B below

H g BT,
i, = wM,Nx'H yXy|,X,t+| oPy OE3 This paper See Table B below
Hgq+ 0,
i, =l M +|ppt + mD:l OE4 This paper See Table B below
5.3 Results

Table B below contains values of the two loss functions (L, and L, ) and asymptotic second-order
moments of inflation, output, the nomind interest rate, sectora outputs and the real exchange rate.
These are reported for the Taylor (and Henderson and McKibbin) rule(s), the IFB rule, the naive
MCl-based rule, Bal’ s rule and for the OE1, OE2, OE3 and OE4 rules when coefficients are set
optimaly with repect to loss function L;. This table dso reports coefficients for the corresponding
optimised rules. Findly, Table C offers atest for relative robusiness, by showing the same atistics
for each rule when the mode is hit by individud shocks rather than by a combination of shocks.

5.3.1 Resultsunder an ‘all shocks scenario

The optimisation indicates that Taylor and Henderson- McKibbin rules for the UK economy, as
modelled here, require stronger weights on inflation relative to output than those originaly suggested
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for the United States by Taylor (1993a) and Henderson and McKibbin (1993). This suggeststhat a
mechanica application of the Taylor and/or Henderson and McKibbin rulesin the UK context with
coefficients designed for the United Statesis not idedl. Moreover, our model seemsto favour a
stronger weight on inflation relaive to output.

TableB: Comparison of smple monetary policy rules (optimised coefficients)

Taylor/ IFB MCI Ball OE1 OF2 OE3 OE4
H-McK

Coeffs: p,| 56807 - 1 48420 - 35505 48334 56821
y, | 02155 - - -0.029% - 00912 - 02127

i, - 09196 - - 09321 - - -

Epos - 08158 - - 1.0817 - - -

q - - 02048 01104 -00099 -00654 -0.0780 -

9., - - - 00377 00272 00469 -0.0340 -

Yo - - - - - - 005 -

Yox.i - - - - - - 0.1083 -
Dq, - - - - - - - -0.0379

BT, - - - - - 6.7952 - -
Wdfare L, 22131 16431 35920 21217 15665 20658 21130 21757
L, 49114 26926 48373 41151 25432 35975 41803 49068
Avars p 00250 00238 01663 00264 00238 00292 00253 00243
y 12300 12022 04100 11397 11000 10908 11671 12525
Di 01433 00150 01305 01399 00191 01271 01354 01337
Yon 24457 23549 07936 22433 21879 21832 22022 24733
Yox 11274 11027 07918 10737 10509 10564 10634 1119
C 21791 22063 09487 20477 20851 20269 20971 22047
i 05204 01372 02274 04929 01614 04402 04905 05131
q 52046 45376 20166 43948 38913 41440 43808 50811

Proby(i < 0), % 1.88 0.00 008 163 001 119 161 181

Similarly, for our modd economy, the optima coefficient for the M Cl-based rule is smaller than one
third — the vaue commonly used in the MCl literature — suggesting that a grester weight than that
used in practice should be placed on interest rates vis-a-vis the exchange rate when atering monetary
conditions.

Looking at the stabilisation properties of each rule, thefirst thing to notice is that the IFB rule performs
well. Inthe presence of transmission lags, IFB rules have the benefit of digning the policy instrument
with the target variable (ie, is said to be ‘lag-encompassing’), which minimises the output costs of
inflation stabilisation relative to more myopic rules®®  Along thisintuition, under this rule, the interest
rate moves soldly to correct low-frequency changesin inflation. The asymptotic variance of changes
inthe nomind interest rate for thisruleis, in fact, around atenth of that under dl other rulesif we
excdlude the OEL rule, amodification of the IFB. This explainswhy the IFB ruleis extremdy
successful at controlling inflation volatility for aleve of output volaility thet is comparable to thet of

¥ Clarida, Gali and Gertler (1998) report that estimated output-gap-augmented IFB rules offer agood portrait of the
behaviour of actual short-term nominal interest ratesin G3 countries in the 1980s and 1990s.
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other rulesin thetable. Theseresultsarein line with the findingsin Batini and Haldane (1999) based
on asmall-scale, open-economy modd of the UK economy. The optimal horizon of just one period
may seem surprigngly low. Thisresult islikey to be highly modd-dependent, however, reflecting the
low persstence in the mode (see Chart 2) aswdl as our use of quarterly, rather than annud, inflation
in the loss function. A modd with more complex dynamics and/or the use of an objective function
defined over annud inflation would be likely to generate an optima horizon of more than one period
ahead. Exploration of this conjecture is|eft for future work.

Second, Bdll’ s rule provides a lower-than-average variability of output when compared with
Taylor/Henderson- McKibbin and with the IFB rule. Relative to them, it also reduces the disparity
between output volatilities in the two sectors, other things being equa. However, it produces more
interest rate, exchange rate and ultimately inflation variability than the IFB rule because it implies that
the nominad interest rate reacts to current, rather than expected, inflation and, hence, is moved more
aggressively. Thisruleis, unsurprisngly, more efficient than the smplistic MCl-basad rule, which
seems unsuited to cope with inflationary shocks that do not originate from a shock to the exchange
rate.

More generdly, the naive MCl-based ruleisthe worst rulein the set. By construction, the naive MCl
impliesaleve for the interest rate conditiona on the exigting level of the exchange rate, when the latter
can change as aresult of shocks to which the central bank may not wish to respond.®® For this
reason, the performance of MCl-based rules tends to be shock-specific, doing poorly in the face of
shocks that affect the exchange rate but do not ask for a compensating change in interest rates (eg,
shocks to the red exchangerate).

When we look at our ‘family’ of open-economy rules, we find that, in generd, parsmonious
modifications of either Bal’s or the IFB rule do not provide substantia gainsin terms of inflation or
output control. The reduction in thevaue of L, isindeed modest and dmost certainly ascribable to
the fact that rules in the OE family typicaly react to more endogenous variables. By congtruction, this
gives them a performance ‘bonus  relative to non-OE rules. By the same logic, the opposite is true of
rule OE4 % aredricted versgon of Bal’srule % which hence does worse than Bdll’ srule itslf.

If weuse L, torank the rules, OE1 isthe best rule in Table B. Compared with the
Taylor/Henderson- McKibbin and Ball rules, OE1 gives consderably lower output, exchange rate and
interest rate variability. Abstracting from the naive-MCI (which performs badly in terms of inflation
variability), OEL produces the minimum disparity between the volatility of the output gap in the two
sectors. Thisisbecauseit takes explicit account of the fact that in an open economy there are multiple
channds of monetary transmission that can be smultaneoudy exploited in an effective way. Because
they reduce the voldility of the policy insrument, IFB and OE1 rules dso give the lowest probability
of hitting a zero bound with the nomind interest rate.

These results on the relative performance of the rules are confirmed by our second measure of 10ss,
the utility-based loss function L, . According to this metric, households would be better off if policy-
makers followed an OE1 rule or an IFB rule (with coefficients optimised over the objective function
L,) rather than the other rules that we consder. This meansthat even if designed so asto optimise a
proxy of the utility-based loss function (namely L,), in practice these rules achieve the result of

9 1 general, this criticism would also apply to arule responding to the output gap, when it is unclear whether this
has moved because actual output changed or rather because potential output did.
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reducing the microeconomic digtortions implied by that function. The worse possible rule according to
L, isingtead the Taylor/Henderson-McKibbin.

Theintuition for this result is that the superior inflation stabilisation of the IFB rule dso resultsin more
effective gabilisation of non-traded price inflation and nomina wage inflation. These variables gppear
in the utility-based loss function given by equation (35). Moreover, adding aterm in the red exchange
rate (OEL) reduces the disparity between output in the non-traded and export sectors further and —
as (35) would suggest — reduces the utility-based loss. However, the resulting reduction in (utility-
based) lossisonly margina. Thisreflects the fact that the * sectoral disparity’ termsin the utility-based
loss function have asmdl weight compared with the terms in non-traded inflation and nomina wage
inflation. Thisimpliesthat optima policy (using equation (35) as the metric of loss) is broadly smilar
in our two-sector open economy to the optima policy in aone-sector closed economy such as that
modelled by Erceg et al (2000). Thisaccords with the (anaytical) results of Clarida, Gdi and Gertler
(2001) who demondtrate that, for asmple modd, the optima policy in an open economy is
isomorphic to optima policy in aclosed economy.

5.3.2 Robustness analysisto individual shocks

To provide more intuition about why certain rules perform better than others, we now re-assess the
performance of the rules assuming that the economy was hit by one type of shock at atime. In
particular, we are looking to see which rules produce ‘sensible’ responses to each of the shocks and
anayse whether or not the rules that perform well do so because they are robust to many different
shocks. In each case, the coefficientsin the rules are again those optimally derived for the
‘dl-shocks case (shown in Table B), so thisis atest of robustness of the exact rule specification “?
Reaults from this experiment are summarised in Tables Caand Cb below.

The tables suggest that the OEL (ie the modified IFB) rule and the IFB rule itsdlf are il the * best’
rules under most shocks. The OEL (and to some extent also the origind IFB) rule seemsto perform
particularly well in the face of shocks from overseas. However, both the OE1 and the IFB rules are
outperformed by the OE4 (restricted Bdl) rule and by their ‘ closed-economy’ counterparts under
productivity shocks to the export sector.“? This is because a shock to export sector productivity
affects both export prices and output. Since export prices do not enter the calculation of CPI
inflation, rules like OEL or IFB that respond only to consumer price inflation will not perform well
because they fail to respond to the firg-round effects of this shock. Thisisin line with the generd
intuition that a smple rule can be agood guide for policy in the face of some %4 but not dl 3% shocks.

Crucidly, however, the IFB and the OEL rules seem more robugt to different shocks than the naive
MCl-based rule or Ball’srule. Thisis particularly evident for overseas shocks (eg foreign interest rete
shocks and shocks to the risk premium), but also to shocks to the relative foreign price of
intermediate inputs and to shocks to world output and inflation. In the case of Bdl’srule, thisisdso
true for shocks to productivity in both the export sector and the non-traded goods sector.

A comparison of the losses associated with each shock reveals that the most costly shock is that
which affects intermediates prices. Thisis because this shock not only has a higher variance than
other shocks but aso because this shock feeds through to other overseas forcing processes.

“9 To perform this test, we have re-derived | osses and asymptotic second moments of the variables of interest by
setting the variances of the remaining shocksto zero.
“Y The OE1 and I FB rules are also inferior to OE4 under shocks to non-traded sector productivity, but thisisless
severe than in the case of a shock to productivity to the export sector.
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Moreover, intermediate prices are alarge proportion of unit costsin both sectors. Since non-traded
producers set prices as afunction of unit costs (as well as expected future inflation), changesin these
prices feed into non-traded price inflation. On the other hand, shocks to the export sector seem to be
relatively unimportant given the sze of this sector and the openness of the economy. Thisis because
shocksto this sector are largely absorbed by the price of exports which is not a component of CPI
inflation.

Given that a shock to intermediate prices is the most costly of our shocks, a good monetary policy
rule should generate the appropriate response to this shock. In particular, we know that
policy-makers would want to absorb the first-round effects of this shock but would want to make
sure that there was no long-run effect on inflation. A standard rule that feeds back off current inflation
may lead to atightening of policy that causes adramatic fdl in output. By contrast, the IFB and OE1
rules act to stabilise future rather than current inflation: exactly the policy response that seems
appropriate for this type of shock.

The results of this section suggest that OE1 and IFB rules manage to dominate al other rulesin an
‘al-shocks scenario because they are efficient at stabilising the economy in the face of overseas
shocks (among which are, notably, shocks to intermediate prices).



Table Ca: Comparison of smple monetary policy rules (individual shocks)

Taylor/ IFB MCI Ball OEl OE2 OE3 OE4
H-McK
Non-traded productivity shock
LossL, 001762 001769 002153 002108 001760 002158 002112  0.01756
L, 00164 0.0148 0.0700 0.0155 0.0170 0.0119 0.0192 0.0163
Avars p 303E5 197E-5 47564 376E5 345E5 560E-5 610E5 299E5
y 0.0168 0.0174 0.0135 0.0178 0.0170 0.0194 0.0174 0.0168
Di 731E-5 297E-6 986E5 662E4 4946 313E4 686E4  597E5S
Yo 0.0049 0.0054 6.05E-4  0.0051 0.0047 0.0100 0.0043 0.0049
Yvx 00118 0.0120 0.0099 00121 0.0118 0.0128 0.0119 0.0118
c 00019 0.0022 213E-5 0.0018 0.0017 0.0053 0.0014 0.0019
i 1094 6635 38F4 496E4 1034 5934 5724 103E4
g 442E-3 0.0053 120E-4  0.0070 0.0048 0.0080 0.0063 4.40E-3
Export productivity shock
Loss L, 00439 0.0454 0.0434 0.0462 0.0452 0.0559 0.0491 0.0433
L, 0023 0.0248 0.0267 0.0252 0.0248 0.0412 0.0275 0.0238
Avars p 294E5 246E6 278E5 5726 248E6 407E4 217E5  296E5
y  0.0400 0.0453 0.0429 0.0461 0.0452 0.0290 0.0483 0.0400
Di 872E-4 101E-6 128E6 953E6 1336 00051 11564  711E4
Yo 972E-5 369E4 19E5 5124 333E4 0.0023 823E-4 9.77ES
Yox 00546 0.0506 0.0510 0.0507 0.0507 0.0634 0.0493 0.0545
¢ 1084 1464 600E-6 220E4 123E4 00022 402E-4  109E-4
i  450E4 4886 242E5 339E5 64566 0.0026 6.20E-5 37/E4
g 00019 205E-4 531E6 328E4 187E4 0.0202 826E-4  0.0018
FX risk premium shock
Loss L, 01243 0.0226 0.2562 0.1471 0.0166 0.1236 0.1407 0.1075
L, 00174 0.0047 0.0036 0.0105 0.0252 0.0095 0.0116 0.0216
Avars p 752E4 00011 855E-4 523E-4 605E-4 600E-4 560E4 9.38E4
y 0.0015 0.0020 0.0010 799E-4  0.0035 9284 883E4 0.0018
Di 0.0277 0.0008 0.0604 0.0345 0.0009 0.0283 0.0327 0.0227
Yo 937E-4 1044 1274 5054 00048 406E-4 558E-4  0.0013
Yox 00435 0.0553 0.0367 0.0352 0.0454 0.0381 0.0361 0.0419
c A47°5E4  287/E4  310E4 4354 0.0056 325E-4 4254  556E-4
i 00251 0.0010 0.0454 0.0421 0.0023 0.0334 0.0398 0.0274
q 11342 1.4475 0.9594 0.9175 1.1886 0.9921 0.9405 1.0937
Prefer ence shock
Loss L, 01329 0.1281 0.1369 0.1303 0.1287 0.1389 0.1319 0.1298
L, 05264 0.5483 0.5666 0.5521 0.5491 05704 0.5559 0.5263
Avars p 72885 470E6 733E5 159E5 709E6 828E5 2H4E5 7.38E5
y 01149 0.1281 0.1357 0.1299 0.1286 0.1370 0.1315 0.1149
Di 0.0042 537E-7 176E5 2285 106E6 1474 208E6 00034
Yo 0.1724 0.1901 0.2013 0.1929 0.1909 0.2029 0.1951 01723
Yu x 416E-4  272E5 136E-6 199E-5 250E5 742E6 101E5 397E4
c 01866 0.2037 0.2148 0.2066 0.2045 0.2162 0.2087 0.1865
i 00021 1035 5835 38E5 1655 7075 207E-5 0.0017
g 00114 770E-4 193E5 GL53HE4  699E4 1984 26464 00110
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Table Cb: Comparison of smple monetary policy rules (individual shocks)

Taylor/ IFB MCI Ball OEl OE2 OE3 OE4
H-McK

Relative (world) intermediates price shock
LossL, 10825 08344 18820 10447 08955 10369 1029  1.0805
L, 28650 12035 12147 22677 11890 17939 22541 28525
Avars p 00193 00197 00978 00210 00180 00224 00192 00184
y 05730 05306 01428 05026 05410 04636 05231 05823
Di 00503 00122 00434 00515 00168 00537 00497 00510
Yon 12521 11802 03849 11185 11981 10443 11581 12713
Yox 01258 00619 00326 01093 00666 00962 01109 01244
c 11449 11684 04739 10474 11824 10001 10830 11629
i 03957 01114 01213 03574 01335 03201 03533 03830
q 16504 03685 0279 13141 04574 10543 13471 16081

World inflation shock
LossL, 03778 01803 0219% 04004 01577 04218 04259  0.3818
L, 06303 03414 01253 06231 02582 07140 06854 06388
Avars p 288E3 2833 66253 250E-3 231E3 35163 281E-3  290E-3
y 01558 01278 00506 01674 01126 01895 01803  0.1580
Di 00440 00018 00158 00479 00021 00440 00502 00443
Yon 03155 02583 01141 03367 02312 03757 03603 03197
Yox 00120 00220 00163 00110 00193 00129 00110 00115
c 03118 02677 01354 03335 02447 03692 03550 03156
i 00797 00106 00187 0083% 00095 00742 00878 00826
g 03190 05600 02990 03015 04451 03948 03130  0.309%

World interest rate shock
LossL, 00960 0083 04647 01133 00797 01316 01214  0.0955
L, 01204 00759 10228 01486 0094 01515 01667 01247
Avars p 00012 00011 00230 0002 9774 00036 00027 00013
y 00531 00668 00048 00405 00585 00289 00361 00523
Di 00058  661E-4 00231 00092 00014 00113 00104 00057
Yon 01058 01323 00076 00823 01164 00614 00742 01045
Yox 01661 01674 01183 01611 01676 01537 01592 01654
c 00733 0094 00094 00558 00819 00415 00498 00724
i 00241 00040 00452 0035 00099 00381 00391 00240
g 02062 03714 02076 02510 03400 02065 02371 02912

World output shock
LossL, 02556 01418 02722 01744 00818 01228 01451 02371
L, 02010 01350 12340 01350 0083 01014 01246 02942
Avars p 00025 00050 00149 00013 00036 00010 00010 00024
y 00619 00490 00296 00377 00159 00315 00329 00625
Di 00384 00034 00010 0020 00023 00186 00242 00340
Yon 01332 00935 00669 00903 00412 0079 00835 01347
Yox 06591 07242 05813 06489 06750 06398 06370 06566
c 00857 00566 01250 00652 00420 00635 00655 00874
i 00820 00155 00027 00581 00104 00503 00559 00819
g 12500 16314 06059 11346 12341 10623 10533 12369




6 Conclusions

In existing rules devised for closed economies, like that advocated by Taylor (1993a), the centrd
bank only responds to inflation deviations from target and output deviations from potentid. Inthis
paper we have explored aternative smple monetary policy rules for an economy that is open like the
United Kingdom. To do so we considered existing rules for open economies like a naive MCl-based
rule and Bdl’s (1999) rule. We dso looked at parsimonious modifications of these and * closed-
economy’ rules that account for the openness of the economy in various ways.

We concluded that agood rule in this repect is an inflation-forecast-based rule (IFB), ie arule that
reacts to deviations of expected inflation from target, when the horizon is chosen appropriately. This
rule is associated with alower-than-average variability of inflation when compared to the dternative
open and closed-economy rules. Adding a separate response to the level of the red exchange rate
(contemporaneous and lagged) appears to reduce further the difference in adjustment between output
gaps in the two sectors of the economy, but thisimprovement is only marginal.

These results on the relative performance of the rules are broadly confirmed by results obtained
comparing the utility losses faced by the households in our modd economy under eech rule. This
reflects the fact that the distortionsin our economy are broadly smilar to those that are modelled in
existing closed-economy models — price and wage gtickiness. The digtinctive feature of our
two-sector open-economy mode is that the utility-based |oss function includes terms that capture
disparities between the non-traded and export sectors. But because the weight on these termsis
relatively small, augmenting smple rules with termsin the real exchange rate has only amodest effect
on their performance when measured by the utility-based loss function.

Importantly, an IFB rule, with or without exchange rate adjustment, gppears quite robust to different
shocks, in contrast to naive MCl-based rules or Ball’srule. Finaly, relative to other open and
closed-economy rules that we have analysed, an IFB rule (and OE1, an exchange-rate-adjusted | FB
rule) seemsto reduce the probability of hitting a zero bound with nomina interest rates, and thereby
may increase the chances of policy remaining operationa under particularly severe deflationary
shocks.
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Technical annexes

Annex A: Firg-order conditions

Following the discussion of the model in Sections 2.1-2.3 of the main text, here we consider the
problems facing agentsin each sector in turn.

Households

Household jT (0,1) solves the following problem:

c_a(j)8 "0
Max E, b‘gexnlc X.Co.(J)) +dIn(1- h, +—‘i?
ax 8_.0 ¢ p(n,) In(c, (j) - (1)) +dIn(1- h.(})) ethb :
Subject to
. . n(l) _
M. () + B (])+ +P. 0. (9h (s j)ds=

Moo (0)+ @) Boa(§) + (@) — : + R Po(s DNAs+W()h () + D, +T, - Re,())

o . . : . Biea() B (D)
Wt(])_Mt-l(J)+Tt+(1+|t-1)Bt-1(J)+(1+|f,t-1) - Bt(J)' (AZ)
= ct? (»3)

__RiL.RY Ad
Cogit-9)*e

where the variables are defined asin the text. The household chooses ey, ¢, W, M, B, b(s) and B
to solve the maximisation problem.

To solve this problem we subgtitute the definitions of aggregate consumption and the aggregete price
leve into the utility function, the budget congraint and the definition of ‘money’ (A2). Welet the
Lagrange multipliers on these two congtraints be denoted | ; and | , respectively. Suppressing the |
index throughout, we differentiate to get:

.1-g .1-g L
gexp(nt)?N,t g _ | ePu — ngaN,t g Etwp(ntﬂ)g (AS)
G - XC.1 &Cmy g Cut g Cua - XC g
.9 .9
1- g)exp(n, ) &y, O 2y, 0 n,)o
( g) p( t)é Nt : - ]_'tPN’t — b(l' g)x : Et p( tl): (AG)
C - XC_, CM,t 1] é t g ﬂ
Iy, +1,, =b@+i)E, ( 1esn T 2,t+1) (A7)

——b(1+|ft)agu° (A9
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0
i"gﬂ: (A9)
R 2
e =bE (1 +1 50a) (A10)
The choice of the nomina wage discussed in Section 2.3.2. Thefirgt-order condition is:
el+p)W, u
£ & (bf,) e PIMO) | g —2 () =0 (A1)
s=0 e I:¥+s 1 ht+s( ) 0

Equetion (A12) festuresthe red margind utility of consumption, L ,, which isrdaed to the margind
utility of nomina consumptioninasmplemanner: L, = Pl ;. Thisisdiscussed in more detail below.

Non-traded sector

As described in Section 2.3.1 producer ki (0,1) in the non-traded sector choose prices to solve the
following problem.

&1+p)’ Py, (k) 0
maan(bf )LLHJg 5 S Vi DY (K)

j=0 t+] g

+an)

1+ P k O aN
bt o vy, () - ; +p) 'Ry, (K0

+ N t+]j
I:)N,t+j 4}

Thefirst-order condition is:

® 0, [1+p) Py (K)
F)

]

E, a(bf )’ thﬂg

j=0

5
+(1+qn)Vis 3/N,t+j (k)=0 (A12)
4]

Thered unit cogt (in units of fina consumption), V, can be defined in terms of unit factor demands
(denoted with a“U’ superscript):

PV mn{VV hN t+s + I:)I,t+$| E,HS} S'ija:t to AN,t+s(hz,t+s)aN (I LNJ,t+s)l_aN =

The minimised unit cost for dl firmsin the non-traded sector is found to be:

1 WaN P l-ay
Vt — . — t ( I,t) (A13)
aNN(l'aN) " A\nPt

Smilarly, the unit factor demands are given by:

NEETY

hU — ea F)Itl-;I
A“ —a, W o

N t U

and

~ aN

IU _Alel ay, W u

Nt € _U

g ay ng



These unit factor demands are common across al firms, so this alows us to write tota factor
demands as;

14y
Odk =h0. Ay (k= huy. aSPu U e
d1Nt( ) Nt OyNt( ) Nyt YNt oe—u (Al4)
k=0 k=0 k=08 Py o
and
1+qy
o . (Kdk=1Y. &y, (K)dk = ST o (A15)
dNt Nt OyNt tyNt OGP—U
k=0 k=0 k=0 8 8]
Export sector

Asdescribed in Section 2.2.2, exports are produced using a Cobb-Douglas technology:

- ay lay
yX,t _AXthXtIXt

(A16)
Efficient production implies that factor demands are given by:
Jl-ax
A, 0
W -a AT (A17)
Px,t her;
P ah, 0
= (1- ax)Ax,téﬂi (A18)
Xt
Exportdemandis
2P, 6
X, =gt Vi (A19)
t d

Intermediate goods sector

Producers in both the non-traded and export sectors purchase imported intermediates from retailers
who solve a pricing problem described in Section 2.3.1. The firg-order condition is:

1 °P, (kK 0
=8 )L P ALPIP g e G0 =0 (n20)

t+s +s't+s @

Final imports sector

The firg-order condition for the pricing problem of retailers of find imported goods is given by:

a4



X . @0, @L+p)°P, (K P, 6
Et.la(be)Lmé - = M +(1+qM)eItF, Yus(K) = 0. (A21)

s=0 t+s +s' t+s @

Government

The government operates monetary policy by setting nomind interest rates according to arule
(described below) and prints as much money as is demanded at thislevel of nomind interest rates.
Any seignorage revenue is distributed as a lump-sum transfer to consumers. For smplicity, we
assume a zero supply of domestic bonds. Hence:

M- M =T -t, (A22)

Market clearing

We have the following market-clearing conditions in factor markets, goods markets and asset
markets:

he =hy, +hy, (A23)
Cne = Yy (A24)
Xy = Yy (A25)
(ch(s j)dsdj =0 (A26)
Net foreign assets

The evolution of net foreign assets can be found by evauating the household’ s budget congraint (A2)
at market equilibrium and then aggregating across households. As discussed in Section 2.4, the net
foreign asset position (under our assumptionsthisis equd to the domestic holdings of foreign bonds) is
non-getionary. To ded with this problem we do not include this equation in our system. Instead we
use the equation to subgtitute foreign bond holdings out of the definition of ‘money’ (A3).



Annex B: Flexible-price steady state

We use the following notation. Variables without time subscripts are the steady-dtate values. Lower-
case |etters represent nomind variables expressed relative to the CPI (we aso define the red vaue of
foreign bond holdings as b=B/eP). We express nomind variables relative to the generd pricelevd in
order to solve for steady State variables that are not trended (in steedy State all nominal variables will
follow the same trend path). In addition, the Lagrange multipliers | , and | , are homogenous of
degree -1 s0 we scale them by the CPI, to give Sationary multipliees L, =PI, and L, =PI ,.
Throughouit we use the real exchange rate definition, g, = &7t

*

R
To congtruct a steedy dtate, we first assume that al domestic nomina variables are growing at an
annud rate of 25%. Thismeansthat, in Seady Sate, the government is meeting an inflation target of
2.5%. For amplicity, we aso assume that the Steady state growth of foreign nomind variablesis
2.5%. Theimplied steady date value of nomind interest rates at home and abroad will be given by:

i =i, :“Tp_l

In what follows, we use equations (A23) and (A27) before evauating the steady sate. We assume
that steady-dtate taxes are set to exactly offset steady state dividends. Findly, we choose a
flexible-price equilibrium o that, athough price setters retain some monopoly power, they Smply set
prices as a mark-up over unit costs.

Then, the firgt-order conditionsimply the following equations defining steady-date vaues of the
vaiables

(- bx)gae, 0 °

| = /&~ : A2
1Pm (1_ X)C c 5 (A27)
.9
1, py = DN @) € (a28)
(1-x)c  &c, g
cw ¢ =1, (A29)
I, :%EZ) (A30)
|1w=% (A31)
1-b
be:pxx' PyCw - pI(IX+IN) (A32)
-b
W =m+ o b, (A33)
c=cJcy® (A34)



Py’ pe =9°(-g)"°
Py = (@+ay)Vv

w ay Iy
P, l_aNhN

— ay | lay
Yu =AM

\NaN p:ll-'aN
V= ap l-ay
ay (1' aN)

— ay | l-ayx
yx _Axhx IX

l-ay
W A, o
—=a A Xi
M T

Pooga a9
px lxﬂ
&eq C')h
X = Ty
P
p, =(1+q,)2
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(A36)

(A37)
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(A39)

(A40)

(A41)

(A42)

(A43)

(A44)
(A45)
(A46)
(A47)

(A48)



Annex C. A log-linear representation of the model

To solve the model we log- linearise the first-order conditions of the mode around the
non-stochastic steady state defined by equations (A27) to (A48). Asdescribed in the main text we
use (A2) evauated a market equilibrium to subgtitute foreign bond holdings out of the modd. Asin
Annex B, we aso substitute out for taxes, transfers and dividends. Log-linearising the consumers
first-order conditions (equations (A5) to (A10)) gives us

Eae bx C.p - bxn 9—I: + Py, - n +¢
tg(l_ bX)(l- X) t+1 1- bXI le 1t pM,t 1- bX t M, t
o (A49)
& 1+ bx 9}\ X R
- C, - C
§ (1- bx)a- x)5" (- bx)a-x) "
Eae bx 6. - bxq Q_I: LA no+d
t (1_ bX)(l- X) +1 1_ b ! t+lB 1t pNt 1_ b t Nt
(AS0)
gei 1+bx? © X .
-Gl- =C, - C
§ (- bx)-x)5" (@ bx)a-x) ™
x. L A L ~ .
E.&P.. S— . -——2 L ,+i:(' -|)-—1
gtl L1+L2 1t+1 L1+L2 2'[1g t L1+L2 1t (A51)
Ly
L,+L,
a«* A L ~ L ~ (‘j . . A L
E gD * G- Ly —2— L, 3= - 1) +6 - —2—
gtl it+1 L1+L2 1t+1 L1+L2 2tlz f,t f It L1+L2 1t (A52)
- LZ A2t+zt
L,+L, °
L, +ed =0 (AS53)
&, L1 2 I-2 - 9_ -
Etgpﬁl- ml‘lﬁl' m'—z,mg—l—n (A54)

, - &; 0 . : :
where for any variable x, X =In¢—+ where x isits steady-state value and z is an exogenous ‘foreign
exg

exchange risk premium’ shock.

The définition of W (equation (A3)) becomes:

.~ wh~ wh. c
m +—h +—w - +—
w W W

A

W, -

2|3

¢ =0 (A55)

The definitions of consumption and the priceindices are;
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ét = géM,t + (1' g)éN,t (A56)
O:gﬁM,t +(1' g)f’N,t (A57)

Wage-setting is given by the following two equations (the derivation follows Erceg et al (1999, page
25)).

(1' fw)(l' bfw)h o (l' fw)(l' bfw)l:

DW, = bE,DW,,, +
t El t+1 fw (1_ h)[1+ h(1+qW)] t fW[1+ h(1+qw)]

1t

Qw (1- h) qw (1-h) ( A 58)
(@ f,)@- bfy,)
h(1+qy ) Wt
fW[1+qW(l—h)]
W, =W, +DW, - B, (A59)

Pricing decisions by non-traded goods producers are described by:

(1'fN)(1' be),\ _ (1' fN)(l' be)ﬁ

DP,, = bE,DR, ., + T v, P " (A60)
Bus = Pups DRy, - B, (A1)
Vo=a W +(@1-ay)p .- Ay (A62)
Factor demands from non-traded producers are:

My == A+ Q-2 By, - (- a )W, + Gy, (A63)
e == Ay ra - ay by, + Gy, (A64)
Thefirgt-order conditions for export producers become:

W= Pyy - Acy- (-2l +(L-a,)h, =0 (A65)
P~ Py - AX,t +aXIAX‘t +aXﬁX,t =0. (A66)
Export production is given by:

T = A - axhy, - (L-a,)l,, =0. (A67)
Export demand can be written as:

X, +hg, +hpy, - by, =0 (A68)

Pricing of intermediatesis described by:
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- A 1-f )1- bf s
DR, =bE DR, + ( : )f( ) E.1Pi

_ (1'f|)(1' bf|)E a _ (1'f|)(1' bf|)E o

t- 1+t -1t
fl fl

f)| i ﬁl,t-l +DP | - pAt
Pricing of find importsis described by:

(1' f |)(1' bf|)
f

DPM e bE(—lDPM,Hl - Et-lqt

f)M I bM,t—l +DPy, - fjt
The relevant market-clearing conditions can be written as.

h °" h
6Nt' 9N,t =0
Xt - 9X,t =0

(A69)

(A70)

(AT1)

(A72)

(A73)

(A74)

(A75)

Together with some obvious lag identities and log- linearised definitions (for example the GDP identity)
the modd can be cast in the form of equations (22) and (23) in the main text. The cdlibration of the

forcing processes is described in Section 3.2 of the main text.
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