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1. Introduction

The ntroduction of the European Single Curency has generated a great deal of
hterest n the m easuram ent of the costs mcurned by regions that share a comm on
curnrency but experience asymm etric m acroeconom ic shocks. The logic driving the
analysis at the Europesn level @twhich “region” stends for a nation-st@ate) has also
been applied at the national level, the implicit question being: Have OECD nation-
states been optmum currency areas? Examples of the htter are Funke and Hall
(1998), Obstfet and Peri (1998) and G jacom ettd and Pinelli (1999). The degree of
heterogeneity betw een regions w ithin an ndividual country has becom e a politically
sensitive one in the UK, with the Bank of England having t© defend itself from the
charge that its stabilization policy gives m ore w eight to the services-dom nated South
East than to the m anufacturing-dom nated N orth (see forexam ple G eorge, 2000).0ur
paper fom s part of this literature: we will produce measures of the degree of
asymm etry I shocks to different English regions. H ow ever, our paper differs from
previous work In two ways.

The first is that existing papers focus on shocks t© regional value added and/or
an ploym ent and or producer prices. T contrast, the m ain variable of nterest to UK
policym akers - as reflected in the Bank of Englnd Act - is the rate of grow th of
consum er prices, w ith shortterm output and em ploym ent stabilization as secondary
concems. It is therefore Iikely that know Jedge of the degree of ragional heterogeneity
T shocks to consum er prices, and In the dynam ics of the r=gional regoonse to these
shocks, will be more mform ative to Bribsh policym akers than know Jledge about
regional producerprices. The econom etric m odel in this paper uses regional consum er
price data along w ith regional GD P data.

The second difference concems the econom etric m ethodology In plam ented. The
analysis is undertsken within a mulbtegion Vector Enor Conection fram ew ork
(VECM ) of regional output and consum er prices. The framework allows for an
extram ely flexible m ethod for characterising the evolution of each of the variables in
each region, whilst accom m odating potentially com plicated form s of feedback, and
hteractions betw een the variables as w ell as the regions. In particular, it ocbviates the
need to I pose controversial theoretical restrictions.

The plan of the paper is as follow s. Section 2 review s the theoretical background
that m otivates our choice of consum er prices instead of producer or value added
prices as the focus of attention . Section 3 describes the econom etric m ethodology that



w il be used t© analyse these regional data seres. The results of the analysis are

presented In Section 4 and Section 5 sum m arises and concludes.

2.W hy Focus on C onsum er Prices?

Existing econom etric studies of the m acroeconom ics of UK regions have typically
m easured prices using aggregate output price series or value added deflators, both in
deflating regional output and In constuctng regional nflation series. Recent
exam ples include Funke and Hall (1998) and Barros etal. 2001).H ow ever, the Bank
of England A ct sets outa target rate of nflation for a retail price ndex. This policy
focus on consum er prices is reflected In the explicit objectives of other central banks
(for exam ple, those of Australia, Careda and New Zealand). The use of producer
prices n econom etric work seem s t© be based on data availability. But what is the
rationale for the use of consum erprices in central bank reaction functions?

V ickers (1999) summ arises a UK M onetary Policy Comm ittee perspective on the
rationale. H e argues that the central bank ‘s objective should be the stability (oratleast
predictability) of the m oney price of current consum ption. E fficient ntertem poral
allocation of consum ption — and hence m axin isation of the representative consum exr’'s
utlity — depends on full inform ation about the rate of exchange betw een m oney and
consum ption In every tin e period. Any unpredictability n the mate of exchange (for
exam ple, because of consum er price regoonses to exogenous shocks) will Jead t© a
Jow er aggregate utlity level.

These argum ents are a regoonse to the suggestion that central bank policy should
be based on a range of price indices that encom passesm ore than justconsum erprices
@ Ichian and K lein, 1973). A lthough the argum ent for a w ider range is currently
focussad on asset prices, it also applies t© output and Jabour prices. The reason for
excluding all these prices from the central bank’s objctive function is the sam e: they
do not directly Inpact on the representative consum er’s utlity n the way that
consum er prices do . E fficient policy-m aking requires a clear and coherent distinction
betw een those m acroeconom ic variables that correspond directly to argum ents of the
utlity fimcton @eal incom e/consum pton; consum er price varability) and those that
provide nform ation about the m acroeconom ic environm ent in which the policy-
maker is tying to faciliate utlity maxin isation. For example, Ih a Taylor Rule
fram ew ork this is the distinction between the varables appearing in the policy-

m aker’s loss fiinction and those appearing (In plicitly or explicitly) n the constraint.



For this reason it is the behaviour of consum er prices that is m ost directly relevant
o an analysis of the size of the costs that arise when several regions share a single
currency and m onetary authority . The presence of asymm etric regional shocks (or of
asymm etric regional regoonses to shocks) w illm ean that the extent to which a single
m onetary authority can stabilise the m oney price of current consum ption across all
regions sin ulaneously is lim ited, with consequent welfare Josses t© consum ers in
each region !

O fficial regional consum er prices are not published in UK, o there are (© our
know Jedge) no existing studies of regional shocks that empby consum er prices.
N evertheless, it is possible, using official UK statstics, t© construct an Index of the
m ajpr com ponents of the re@ail price index thatare likely t© show substantial regional
variation. Appendix 1 describes the construction and propertes of this regional
consum er price ndex, which w ill be used In our econom etric analysis. The appendix
also describes the properties of the officially published r=gional GD P data 23

3.TheM odellng Fram ew ork

31 Overview

There are two established approaches to the estm ation of regional shocks and their
consequences. The first (exam plified by Funke and Hall, 1998) has focussed on the
dentification of aggregate supply and dem and shocks In each region, using long-run
restrictions In the style of B lanclard and Quah (1989). Because the Interpretation of
these structural novations is the subject of som e controversy Levichenkova etal.,
1998), other authors (for exam ple G iacom ettd and Pinelli, 1999) have chosen not t©
In pose a particular setof theoretical Jong-mun restrictions on theirm odel. Thstead they
explore the dynam ics of prices and output In each region through i pulse response

1 0 f course, 1n the absence of m onetary policy Interventions, asymm etric shorttem regional price
movem ents (ie., varations In ©gional real exchange rates) can be efficient regponses to asymm etric
real shocks that bring each region closer to full en ploym ent. But they can nevertheless still lead to
welfare Josses through the uncerainty that they bring, and the resulting mefficiency in the nter
tem poral allocation of consum ption .

2 some private organisations do produce annual regional consum er price indices; but these series are
not reported forperiods prior to them id-1970s, and so do notprovide a large enough sam ple for tim e-
series analysis.

3 For reasons outlined 1 Appendix 1 it tums out not to be possible to construct the consum er price

ndex for the C eltic Fringe regions, so the analysisw illbe restricted to England.



analysis. H ow ever, the gpplication of in pulse regponse analysis is not theoretically
mnocuous. The mpulses t© which the system s regoonse Is measured are
orthogonalisations of the estmated rduced form — Inmovations. These
orthogonalisations (for exam ple, Choleski decom position) are not Invariant t the
ordering of the variables In the systam . In plicit I the ordering is a theory abouthow
the variables Interact: n effect, a setof shorrmn restrictions.

W e wish t© avoid such restrictions, shce our htention is t© provide sights o
regional differences and sim ilarities In the evolution of observed variables rather tten
n the sructuralm odel underlying them . O ur analysis of the dynam ics is conducted by
constructing m easures of persistence and persistence profiles, as described below .

The overall m odelling approach isbased on a VAR fram ew ork In regional output
grow th and inflation. This fram ew ork provides a flexible m ethod for characterising
the evolution over tin e of regional output grow th and inflation, as well as readily
accomm odating relatvely complicated forms of nteriegional hteractions and
feedback.

Ourmodel w 1l nclude m easures of output grow th and nflaton for the different
regions of England. W e begin by considering a generalm odel of ocutput grow th Ay)

and nflatdon Ap) ori=1,2,... m regions:
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w here e %; represents an Imovation 1n variable x n region iattme t = [y, p]), and

them #'; are nteroept term s. Equations (1-2) inclide the tem s:
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w hich represent aggregate outputgrow th and thflation outside of region i, and also the
term s:
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which denote aggregate output growth and mflaton across all regions. This is
effectively a restricted VAR , the restrictions constraining any hter-regional feedbacks
to w ork through an aggregate effect.

The m odel em bodied by equations (1-2) assumes (1) that lJagged output grow ths
(iInflation) outside the region of interest, have an equal effecton ?y, (? p,); @)
lagged values of output grow th In all regions have an equal effect on nflation n
region i; and (i) Jagged values of nflation in all regions have an egual effect on
output grow th In region 1. A lthough such a m odel restricts the possible nteractions
that exist betw een different regions, itw ill be a good gpproxin ation of the ttue DG P
as long as there is not a great deal of heterogeneity n inter-regional feedback effects.
Note also that there is no restriction on the stucture of the coneltion of
contem poraneous shocks to different regions, so there is still scope for substantial
hterregional heterogeneity w ithin the estin ated m odel.

If im portant nteractions exist between the levels of z_, the existing m odelling

framework can be radily adapted to allow for the presence of contegrating
relationships. For exam ple, the expression for outputgrow th can be w ritten as:
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and an analogous expression can be w ritten for the inflation. Th expression (5), y.,,

and D_;, represent (equalw eighted) aggregates of (log) output and (og) prices,
regpectively, outside the region i of interest. Hence, in its m ost general fom , the
model allows for the possibility for the same Jong-nn relbtonship across all m



regions betw een output levels, the sam e Jong-mun relationship am ongst price levels

across all regions, and forprice and outputseries in region 1to be contegrated

3 2 M easuring the persistence of shocks
The multregion, multvarate VECM m odel presented above provides a flexble
fram ew ork w ithin which an analysis of output and price determ Tnation can be carried
out. O £ particular nterest are the Jong-nmn responses of the variables In z_ t© shocks,
and the dyrnam ics of adjustm ent t© the long mn. Pesaran et al. (1993), Lee and
Pesaran (1993) and Lee and Shields (1999) provide the m eans for dentifying the
effects of specified types of shock, and for distnguishing between the effects of
shocks comm on to all regions and those associated w ith ndividual regions. W e can
nvestgate the evolution of mdividual variables I response to shocks, without
resortng to a prior restrictions, by using persistence profiles (see Lee, Pesaran and
Pierse, 1992, henceforth LPP).° W e will next provide a brief description of the
m easuram ent of the in pact of shocks, show ing how they may be used to construct
m easures of nterest.

If a series is nonstationary, then the effects of a shock t© the series is perm anent
and the size of the perm anent effect of the shock is term ed the persistence! of the
shock. In LPP, am easure of persistence is suggested w hich can be applied t© am uls

region model, and is basad on the change In the conditional variance of z at the
infinite horizon. If z is stationary, then eventually the series will retum to itsmean
levelw ith certainty, so the change in the conditional variance of predictions of z_ will
tend to zero. Conversely, if z s I(1), the conditional variance of predicted future z

continues t© grow as the forecast horizon extends. H ence the extent of the perm anent
effect of a shock is reflected by the size of the grow th in the conditional varance at
the mfinite horizon.

Specifically, referring t© the mulbtvarate, multbregion model described In
expressions (1) - B), if e, isa @m x 1) selection vectorw ith unity i its r™ elem ent,

? Thiswould be the case, if, for instance, all the series w ere driven, equiproportionately, by the sam e
(stochastic) trend, such that the serdes do notdiverge in the Jong run.

> “Persistence profiles” are som etim es referred to as “generalised im pulse responses” .



and zeros elsaw here, then the persistence of a shock t© output (I £ r £m ) orprces

m+1<r<2m)nregion iisgiven by:

P.

1
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where A, =L, andxi= &, 0. P, (v,) ©OrP, (p,)) is to be htepreted as m easuring
the Jong-run response of output (prices) in region it a shock the whole systam that
causes a number of changes n regional output and prce levels, lncluding an
mm ediate unit change In output forices) In that region. The persistence m easures
hcorporate all of the Interactions betw een variables in the systam , insofar as they

affect output (or prices) In ragion i at the infinite horizon. Just as the asym ptotic

persistence m easure given In equation (6) is of potential in portance n undersanding
the regoonse of the English econom y t© shocks, so alwo is the path to the asym ptote.
This tim e profile of the regoonse t© shocks (“persistence profile”) is calculated as n

equation (6),butreplacing A (1) which represents the infinite horizon entity) w ith the

c:orr:t—:-spondjngnﬁ'l horizonmatrix, A )= EAkLk ® Both the asym ptotic m easure and

k=0
persistence profiles w i1l be discussed 1n the follow Ing section.

T a sim ilbrvein, w e can calculate a m easure of the perm anent effect on region i's
output of a shock to the whole systam that causes a num ber of changes In ragional
output and price levels, ncluding a Inm ediate unit change in the output of the whole
country, by using the selection vector w,, (or w ). Thisisa 2m x 1 selection vector

wih ones n the firstm M +1 t© 2m) elan ents, and zeros elsew here. The persistent

effecton region i’s output, when a shock causes econom y-w ide output to rise by one

percent is given by':

b | ERUOADE /
: w, RQA) W,

® SeeLee and Pesaran (1993), Lee (1998), Lee and Shields (1998) for furtherdetails ofhow persistence
profiles can be derived.



where thevaluieof r (I £ r £ m ) determ ines the selection of the output of a particular
region. An analogous expression can be given fora shock t the system that ncludes

a unitchange in the mflation rate of the whole country (P; (p) ) by using w , n place
of w, mexpression (/)wihm+1<r<2m.

It is possible to construct varous decom positions of these persistence m easures.
C onsider first decom posing the vector of shocks to each variable n each region nto
three orthogonal com ponents: a partdue to a natbonw ide output shock, a partdue t© a
nationw ide price shock plus an idiosyncratic com ponent.M ore form ally,

Y, ) d
e=e'w, te'w_ +e ®)

where e.” and e,” represent the nationw ide output and price shocks and € is the
2m x 1 vector of diosyncratic movations. Now consider a typical ey, that is, one
causing aggregate outputacross the country to rise by one percenton in pact. Foreach
region i, itis possible t© constructa persistence profile for output corresponding to the
comm ornroutput—shock com ponent of this e . This persistence measure will be

denoted P, (v,) . P, (y;) can be thought of as one component of P, (y), the other

main component being the output persisence measure comesgponding t© the
diosyncmatic imnovation €’ ! Thism easurew illbe denoted P, ) .

An analogous exercise can be perform ed w ith price persistence profiles. C onsidera
typical e+ causing prices in all regions t© rise by one percent on inpact. For each
region i, it is possible t© constructa persistence profile forprices conesponding to the
com m onprice-shock com ponentof this e .. This persistence m easure w ill be denoted
P, (p;). P, (p;) can be thought of as one component of P, (p), the other main
com ponent being the price persistence m easure conesponding t© the idiosyncratic

imovation € . Thism easure w illbe denoted P, (B, ) .

7 The comm on price shock gtp will also lead to changes In output in each region. How ever, the

corregponding persistence m easures all tum out t© be very gnall, and are not discussed In the next

section.
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tw 0 additional persistence m easures are defined as:
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wherel frfm for P, (y,)andm+1<r<2m for P, (p,).h asibrway,we can
construct persistence measures for output and prices comesponding to the
diosyncratic com ponentof ey, € .

In summ ary, we have three types of persistence m easure for output grow th @nd
nflation). Estin ates of these three measures will be presented In the follow g
section:

1. P, (y;) rP, (p,)):ameasure ofhow output (crprices) n each region evolves
n response o a tpical shock t© the system causing a unit change n output (orprices)
n thatregion.

2. P, (y) br P, (p)):ameasure of how output (or prices) In each region evolres
n regpoonse t© a typical shock t© the system causing anationw ide unit change in
output (orprices).

3. P, (y;) brP; (p,;)):ameasure ofhow output (crprices) in each region evoles
n reponse t© the comm onroutputshock component (Or comm onprices-shock
com ponent) of a typical shock t© the systam causing a nationw de unit change In
output (or prices). Conegponding to this measure is a measure of persistence in
response to the regionally iddiosyncratic com ponent: P, (y,) ©r P, (p,)).

A1l three m easures are of potential In portance n understending how the Englich
econom y regponds to econom ic shocks. The firstm easure provides a basic indication
of how sin ilar or dissin 1lar the dynam ics of output and prices are across English
regions. If tw o orm ore regions exhibit sin lar persistence profiles, this suggests som e
nterregional hom ogeneity In their dynam ic response t© m acroeconom ic shocks. And
even if these profiles differ n shape, there m ight stdll be som e Jong-1un convergence
regarding the effects of a shock, indicated by sin ilar values of the asym ptotic

persisEnce measures P, (y;) and P, (p,) . However, these m easures do not directly
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hdicate the extent of nter-regional hom ogeneity w ith regard t© a “nationw ide” shock.
For this reason the second m easure of persistence is also of potential nterest.

The second persistence m easure is of potential use n evaluating the Inpact of a
shock that is known to have a certain effect on inpact on output (or prices) n the
agoregate. Ik is offten the case that the effect of a certain policy Tmovation on the
national m acro-economy — both the effect of the innovation on impact and the
subsaquent Jong-run response — has been estin ated w ith som e precision . Em pirical
studies of the monetary tranam ission mechanian, for example, are now highly
sophisticated Bank of England, 1999). But little if anything is known about the
regional decom position of such aggregate effects. The aggregate effect of a cerain
shock m ightbe a resultof m oderate m ovam ents In output (orprices) mn all regions, or
altematively a result of Jarge movanents n some and no movanent in others.
K now Jedge aboutw hich regions bear the brunt — or gain the benefit — of a certain
policy Innovation ought to be an inporant part of any evaluation of the welfare
effects of the policy .

C onstruction of the persistencem easures P, (y) and P, (p) can help to address this
issue. They show the asym ptotic regional effects of a “ypical” aggregate shock to
output (or prices). In other words, they show what we can expect the regional
decom position of an aggregate shock and its consequences t© Jook lke, on average,
and how much heterogeneity there is In the effect of the shock at the regional level.
O £ course, if output (or prices) tum out t© be co-htegrated across all regions, then
there w ill be no heterogeneity at the infinite horizon. But even in this case, there
m ight be substantial regional heterogeneity in the path t© the asym ptote. The larger
the m agnitude of such heterogeneity, the greater w ill be the degree of nterregional
“hequality” resultng from the policy shock. ®

To the extent that there does exist any heterogeneity In P, (y) or P, (p) across
regions, we will be Interested iIn the reasons for this heterogeneity. D oes it arise
because an aggregate shock translates nto different effects on inpact n different
regions, or because the dynam ic response to the shock vares across regions? For
example, nterregional variation I P, (p), or In the comresponding persistence

profile, m ghtbe Jargely because an unanticipated hcrease In aggregate prices (@fter,

® T the figures and tables reported below , the Infinite horizon is approxin ated by a 30</earhorizon, so
there are som e (very am all) interregional differences in the asym ptotic price persistence m easures.
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say, an hcrease n the base hterest rate) typically hvolves inm ediate inflation of
differing m agnitudes In different regions. A lfematively, the effect of the shock on

in pact m Ight be hom ogenous across regions, the mterregional variation In P, (p)

resulting from different dynam ics in different regions. T the latter case, the
heterogeneity m P, (y) or P, (p) , to the extent that there is any, is a consequence of
differences In the stuctures of regional econom jes that generate differences 1 the
way the econom des regpond to the sam e shock.

Evidence on this kind of decom position is provided by the third m easure of
persistence. This m easure is an indication of the relative in portance of the comm on-
output<hock com ponent (Or com m or-porice-shock-com ponent) of a “ypical” shock t©
output (orprices) in a partcular region (ie., a shock to the systam incorporating a unit
change In outputorprices In thatregion). If the persistence m easures corregponding t©

these comm on-shock components (P, (v,), P, (p,)) are lwe rhtive to the
persistence m easures corregponding o the idiosyncratic movations (P, (v,) ,P; (B;))
then any regional heterogeneity In the aggregate shock persistence m easures P, (y)
and P, (p) mustbe largely due © regional differences in the dynam ic response to
shocks. Ifon the otherhand P, (v,) and P, (p,) are the m ajpr com ponents of P, (y)
and P; (p) , then we cannot ascribe the regional heterogeneity just to heterogeneous

dynam ics: regional varations In the effects on in pact conesoonding t© an aggregate
chock are partof the story .

4 .E stin ating R egionalM easures of Persistence

Tn this section w e presentour estim ates of the three persistence m easures discussed In
Section 3, ushg the regional price and GDP data discussed in Appendix 1. These
m easures are based on a VECM m odel of annual consum er price nflatior’ and GDP
grow th n each English region for the period 1967-1996: the South East (SE), East
Anglia (EA), the South W est (SW ), the EastM idlands EM ), the W est M idlands
WM ),Yorkshire Humberside (YH ), theNorthW est NW ) and theNorth NO ).

° A s discussed n Appendix 1, the inflation m easure is lim ited to those com ponents of the RPI thatare
Tikely to exhibit substantial regional variation . A ppendix 1 also explamns the m otivation for the sam ple

period.
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4 1 Tin eserdies propertes of the data and estim ation ofthe VECM m odel

The first stage of our amn pirical analysis is t© test for the order of ntegration of our
price and output seres, using the sendard panel unit oot testof In etal. (1997).W e
stack the regional output series and the regional price series and perorm  justtw o unit
1oot tests, and under the assum ption that all the output series and all the price series
w il be of the sam e order of ntegration, the test statistics have a standard nom al
distrbution. The panel unit root test satstcs are reported I Table 1. The @ble
ndicates the Jogarithm s of both prices and output to be difference sationary, so the
modellng framework In difference form outlhed In the previous section is
appropriate to ourdata.

W e also test for the three types of contegration In plicit In equation (5) above:
contegration betw een prices and GDP w ithin one region, cointegration between
regional and national prices and cointegration betw een regional and national GD P.
D etails of the colntegration tests are available on request. Briefly, w e find that:

1.Forno region isGD P contegrated w ith prices.

2.Forno ragion isGD P contegrated w ith national average GD P.

3. For all regions prices are contegrated w ith national averages prices, w ith a

Joading insignificantly different from [1, -1]. Th otherw ords, there is nterregional

PPP n levelsw ith a fixed wedge.

So the estinated VECM  Is a restricted version of equation 6) mwhich Iyand 1 ;are
st o zaw. T fact, the comtegration term 1,; is hsignificant n all of the GDP

regressions. Tt is significantly negative Tn all the price regressions, except for the South
East where it is nsignificantly different from zero. Tn other w ords, prices outside the
South Eastadjust o kesp In Ine with (ie., a constant friacton of) national prices, but
South East prices do not adjust in response to those In the rest of the country. Tn this
senge, the South East is the dom nent region In Englend. Contegraton In regional
prices is achieved by price adjism ent in N -1 r=egions; the N ® region is the South East.

The comntegration of regional prices m eans that, by construction, ragional persistence
m easures for nationw de price shocks will converge asym ptotically. H ow ever, the
persistence profiles for regional prices m ght sdll exhibit subsental heterogeneity,
sihce the convargence is consistent w ith regional heterogeneity in short mn price
dynam ics. The absence of colntegration n regional GDP m eans that heterogeneity n
parsistence profiles is a possibility in both the shortand the Iong temm .

13



4 2 Estim ates of regional persistence in output

Before discussing the persistence measures In detail, it is worth noting that the

estim ated e + Indicate a reasonably high degree of Interregional conelation of shocks
o both outputgrow th and mflation. The conrelation coefficients for the nnovations t©
regional output growth and inflation are lised n Tablk 2 1 A1l conelation
coefficients are Jarge and positive. For output grow th, all conelations w ith the South
East, the econom ically dom lhant region in Englend, are 70% or greater. For inflation,
conrelation coefficients are generally slightly low er, butall conelations w ith the South
Eastare stll positive. (The tw o regionsw ith relatively Jow correlation coefficients are
the North of England and the East M idlands.) The generally high hterregional
correlations are consistentw ith previously published findings, for exam ple Funke and
Hall (1998). If our discussion of regional English econom ic shocks w ere Iin ited to

observations about the conelation of shocks on inpact, then we would conclude, as
have previous authors, that there is a Jarge degree of sim ilarity across the country, and
not thatm uch heterogeneity .

Locations of theV arious Persistence M easures in Figuresand Tables

P, (y,) :Table 3A , Figures 1A-1B P, (p,):Table 3A , Figures 3A-3B
P, (y) : Table 3B, Figure 2A-2B P. (p) :Table 3B, Figures 4A 4B
P, (¥,) : Table 4A P, (B,):Tablke 4A
P, (¥,) : Table 4B P, (B,): Table 4B

How ever, when we go on to construct persistence m easures for English regions, the

picture becom es rather less staightforward. For GD P, the first persistence m easure
(P, (v,) , the response In region ito a shock causing a unitchange to outputn region i

1

on In pact) reveals a substantial degree of nterregional heterogeneity, as ndicated by

10 The results relate to measures fiom the ‘restricted’ version of the VECM model, where zero

restrictions have been Inposed on coefficients for which the absolute tvalues are less than unity.
Having obtained a m ore parsim onious representation, FHests on the joint validity of the restrictions
have been carmed out n order to ensure that their imposition does not violate the datw. Sin ilar
conclusions, how ever, arise from the unrestricted fomm .
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the asym ptotic persistence m easures n Table 3A and the corresponding persistence
profiles n Figures 1A-1B .M The agymptotic effect of a 1% shock t GDP in East
Anglia is estim ated to be 0 49% ; at the other extram e the conesoonding figure for the
W estM dlands is 1 31% , and for the South East 1 27% . Tw o different regions can
respond very differently t© an ital shock t© output In those regions. Standard errors
are an all enough for the difference betw een the tw o extram es t© be significant at the
5% level. In posing m ore restrictions on regional dynam ics w ould reduce the size of
the standard enrors, butw e do notpursue thishere.)

This heterogeneity n regional dynam ics is also apparent when one considers the
response of GDP In each region t an aggregate national shock to GDP ®; (y) ),
recorded 1n Table 3B and in Figures 2A 2B . Again, the greatest persistence is shown
by the West M idlends and the South East, with the other regions show hg
substantially less, egpecially East Anglia and the North. If there were a shock to
aggregate output, the eventual in pact on different parts of England would typically
vary substantally. Table 4 suggests that n fact the effects of the comm on-output-
dock component of the aggregate shock dom mnate the effects of regionally
diosyncratic ones, since the persistence m easures conregponding to the comm on-

outputshock component P, (v,)) are much lwger than the persistence m easures
correspondhng o the idiosyncratic component (P, (v,)) In all regions. Such
dom nance fits n with the observation that there is a high degree interaegional
conrelation In shocks to GDP (Tabl 22 ). This high conelation does not save the
different English regions from substential heterogeneity n the evolution of GDP,
because the dynam ics of their responses t© shocks are o different Figures 1A-1B).
W hen there is a shock t© aggregate output, the In pacton each region is typically quite
sim ilar, and the response t© the idiosyncratic com ponent of the regional in pact does
not constitute an In portantpart of the regional persistence profile. But the regionally
comm on shock that constitutes the m ain part of a typical aggregate incom e shock

does not tanshte nto a regionally hom ogenous response to the shocks: different
regions, w ith differentunderlying econom ic structures, respond in differentw ays.

N The profile for EastAnglia Figure 1B) is shown separately from those for other regions Figure 14 )
because there is som e oscillation tow ards equilibrium in EastA nglia that is absent in other regions, and

because convergence on the steady state takes som ew hat longer.
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4 3 Estim ates of regional persistence In prices

Sice the regional price series are contegrated w ith each other, the persistence
m easures foraggregate price shocks (P, (p) ) converge together, as Indicated n Table
3B and Figures 4A 4B .M oreover, there is a group of regions ("Group A ” in Figures
3A and 4A) which share almost dentical price dynam ics, as ndicated by the
persistence m easures for responses o region-specific shocks P, (p;)) depicted In
Figure 3A . Conesgoondingly, the persistence profiles in Figure 4A (illustating the
regponses o an aggregate price shock for this group) are virtually ndistnguishable. A
1% shock to prices in any of these regions Jleads eventually to a 0 6% -0.8% change In
the price level, with som e overshooting along the way. The group consists of East
Anglia, the EastM idlands, the N orth, the South W estand Y orkshireH um berside.

H ow ever, there are three regions ("G roup B” In Figures 3B and 4B) forwhich the
price dynam ics are som ew hat different. The differences In the W estM idlands and the
North W estare relatively m nor: In the W estM idlands the overshoot is larger, and
the North W est it pearsists for longer. But the overall pattem of these regions’
transition to the asym ptote is sin ilar to thatof G roup A ’s. The one outlier is the South
East, whose persistence profile exhibits no overshooting, but rather oscillates on its
way to the steady state. In the reduced-form fram ew ork of the m odel estim ated In this
paper, it is not possible t© s@te categorically why the price dynam ics of the South
East should be atypical, but the oscillating pattem for prices is consistent w ith a
housing m arket that is particularly prone to boom s and busts.

One cautious conclision t© be drawn from these results is that there is less
heterogeneity in the dynam ics of regional consum er prices than there is in the
dynam ics of regional output. One stylised scenario thatwe can reject is that cross-
regional price variations absorb the effects of real shocks and m itigate asym m etries In
regional output grow th and en ploym ent. W ith the @dm ittedly Jarge) exception of the
South East, regional consum er price inflation rates do not exhibit a great deal of
heterogeneity .

This leads t© a tentative policy conclusion. Even if there is substantial regional
variation In output prices, resulting from regional heterogeneity m the structure of
production (som e regions being m ore or less ntensive in m anufactures or services
than others), this is not necessarily of great Inportance t© a policy-m aker who is
concemed only about variations n mflation. R egardless of the regional varations 1
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producer prices, m ovan ents in consum er prices — those prices that are likely to enter
directly I the representative consum er’s utlity function — are quite hom ogenous
across regions. So the costs of regional asymm etries w ill be large only if jncom e has
substantial weight In the policy-m aker’'s loss function. How ever, a very inportant
caveat to this conclusion is thatour estim ated persistence profile for the South Eastis
anom alous. Exploring the reasons for and robusmess of this anom aly w ill constitute

an In portentavenue of future research.

5.Summ ary and C onclusion

H aving constructed am odel of regional G D P grow th and consum exrprice inflation for
the English economy, we find that shocks to different regions are quite highly
conelated, and that the wypical shock to aggregate prices or output transhates nto

cornresponding regional shocks that are reasonably hom ogenous. This result is sin ilar
o those of previous papers on regional UK data, for exam ple Funke and Hall (1998).
M oreover, regional prices are contegrated in Jevels, o that the ratio of prices n one
region to those I another is consant n the long run: over the long rmn regional
flation rates w ill notdiverge.

How ever, these results m ask a substential degree of heterogeneity across English
regions. The regponse of nflation t© a given shock does vary som ewhat from one
region to another, w ith som e regions’ prices departing from their Jong-rmun level by a
greater degree, or fora Ionger tim e, n the w ake of a shock. T these regpects the South
East, the econom ically dom lhantregion in the UK (w ith over 3 tim es the GD P of the
next Jargest region), is the m ost atypical, follow ng a path to equilibrim that is very
different from thatof the restof the country .W ith the exception of the South East, the
regional variations are relatively m nor. A policy-m aker whose m ain goal w as price
stability should be concemed about likely difference betw een the in pact of a policy
Tnovation on the South East, and its Inpact on the rest of the country; but cher
regional asymm etries are quite m nor.

H ow ever, there ism ore substantial heterogeneity 1 the response of regional GD P
o chocks. GDP levels are not contegrated across regions, so a shock comm on o all
regions can have a heterogeneous in pacton those regions n the long run. Fora given
percentage chock t© regional GD P, the largest degree of persistence is n the South
East, the am allest n the North and EastAnglia. Broadly, “m ultplier” effects in the
core of the country are larger than In the perphery: a stylised fact that m erits further
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research.) These variations are large enough t©o wanant considerable care In
hterpreting the w elfare effects of the estim ated aggregate output response to a given
Tnovation. Tn the long rmn, the aggregate response m asks large differences from one
region to another.

In this paper we have avoided makhng contoversial assumptions about the
stucture of the English macro-economy, and have not Imposed theorybased
restrictions on our econam etric m odel. H ow ever, the results of our study suggest that
an effective and equitable m acroeconom ic policy n the country will require an
understanding of the econom ic structure underlyng the regional heterogeneity thatw e
have uncoverad . A ny accurate structural representation ofthe econom vy mustallow for
a substantial degree of regional variation.
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Table 2:

Table 1:

Panel Unit Root Test Statistics
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A. Conditional Correlation Coefficients for GDP
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0.
0.67
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0.
0
0

North West
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East Anglia
South East
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.35
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Table 3: Persistence Measures

A. Asymptotic Persistence Measures for Region-Specific Shocks

(With Standard Errors)

region gdp: P, (y;) (s.e.) prices: P, (p;) (s.e.)
North 0.7521 0.1856 0.7452 1.2798
Yorks-Humberside 1.1583 0.3598 0.7643 1.2948
North West 0.9398 0.2482 0.9115 1.1327
East Midlands 1.0827 0.3072 0.7223 1.1630
West Midlands 1.3061 0.3847 0.7780 1.5862
East Anglia 0.4873 0.1443 0.6418 1.1099
South East 1.2748 0.3392 0.6319 1.0456
South West 0.8734 0.2392 0.6040 1.0556
B. Asymptotic Persistence Measures for Nationwide Shocks
(With Standard Errors)
region gdp: P, (y) (s.e.) prices: P, (P) (s.e.)
North 0.1140 0.0281 0.1108 0.1903
Yorks-Humberside 0.1512 0.0470 0.1107 0.1875
North West 0.1502 0.0397 0.1093 0.1358
East Midlands 0.1498 0.0425 0.1138 0.1833
West Midlands 0.1675 0.0493 0.1112 0.2268
East Anglia 0.0600 0.0178 0.1107 0.1914
South East 0.1715 0.0456 0.1114 0.1842
South West 0.1261 0.0345 0.1104 0.1930

N.b. footnote 8 on page 11 above.

21



Table 4: Decomposed Persistence Measures

N.b. the sum of the squares of persistence measures A and B in this
table is not exactly equal to the square of persistence measure B in
Table 2. This table shows the persistence measures corresponding to
only two of the three components of a nationwide shock indicated in

equation (13). The GDP figures in Table 3A below measure persistence

with respect to e

. only, and the price figures measure persistence

with respect to e’

. only. Table 3B below indicates persistence with

respect to Eﬁ.

A. Asymptotic Persistence Measures for Common Component of Nationwide

Shocks (With Standard Errors)

region gdp: P, (y;) (s.e.) prices: P, (p;) (s.e.)
North 0.0964 0.0224 0.0067 0.0584
Yorks-Humberside 0.1448 0.0450 0.0067 0.0584
North West 0.1175 0.0310 0.0067 0.0584
East Midlands 0.1353 0.0384 0.0067 0.0584
West Midlands 0.1633 0.0481 0.0067 0.0584
East Anglia 0.0634 0.0092 0.0067 0.0584
South East 0.1582 0.0420 0.0067 0.0585
South West 0.1109 0.0294 0.0067 0.0584

B. Asymptotic Persistence Measures for Idiosyncratic Component of
Nationwide Shocks (With Standard Errors)

region gdp: P, (y;) (s.e.) prices: Pi(ﬁi) (s.e.)
North 0.0566 0.0165 0.1121 0.2891
Yorks-Humberside 0.0419 0.0130 0.1121 0.2891
North West 0.0533 0.0141 0.1121 0.2888
East Midlands 0.0640 0.0182 0.1121 0.2889
West Midlands 0.0743 0.0219 0.1121 0.2892
East Anglia 0.0314 0.0059 0.1121 0.2891
South East 0.0725 0.0196 0.1121 0.2894
South West 0.0494 0.0156 0.1121 0.2891
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Appendix 1.C onstructing R egional English C onsum er Price Tndices

Our econom etric analysis is designed t© explore whether there is any regional
heterogeneity n the evolution of consum er price or output grow th. Sam e of the

com ponents of the national UK retail price index are, by definiton, lacking m any

regional variation, since the relevant transactions are not geographically located.M ost
financial sewices prices fAll nto this category. Others (for example, fuel and
consum er durables) are traded w ith very low m argial transportation costs relative to
the value of the product, so their price is unlikely t© vary much from one region to

another. N evertheless, there ram an Jarge com ponents of the R PI thatm easure prices
of commoditbes for which tansportation costs are large (for example, basic
foodstuffs) or mfinite (for exam ple, housing services). These two comm odity groups
togetherm ake up about 40% of the UK RPI, and there m ightwell be som e regional
variation n them .

The M histry of A griculture, Food and Fisheries publication The National Food
Survey ncludes quantum and value series for regional consum ption of foodstuffs,
from which can be constructed an aggregate food prices series for each region of
England. The series can be constructed annually for the period 1967-96, giving 30
cbservations, for the pre-1996 standard regions of England: the South East (SE), East
Anglia (EA), the South W est (SW ), the East M dlands EM ), the W est M idlands
W M), YorkkehireHumberside (YH), the North W est NW ) and the North NNO).
C om parable post1996 data are unavailbble (regional borders having been redrawn),
as are N orthem Trich data. Scottdsh and W elsh data are published, but contain several
anom alies; nclusion of the Scottish and W elsh data I the estim ated m odel resulted n
hcredibly Jarge param eter values. H ence our analysis is restricted t© the regions of
England.

Sim ilarly, the Fam ily Expendituire Survey includes regional data on household
expenditure on housing services. A ssum g that each household owns or rents only
one house which is ttue of over 99% of houssholds), the expenditure seres is
equivalent to a housing services price series. The regional food and housing services
price series can then be used to construct an aggregate regional price ndex fusing
expenditure values asw eights) . A lthough this series excludes som e com ponents of the
RPI that are lkely to vary from one region to another (for example, some local
services), the w eights In the national R PT suggest that the tw o com ponents of regional
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prices that we have identified constitute over 90% of those RPI com ponents w ith
prices thatare likely t© exhibit som e regional variation.

Appendix Table 1 below provides basic descriptive satistics for the regional
consum er prices Index we have constructed. The @bl alo ncludes descriptive
statistics for the output series used In our econom etric analysis: deflated) regional
GDP as published n Regional Trends. There does not seam o be substantal regional
variation In the sample m ean and variation of consum er price nflation. A s noted In
Section 3, the price series are colntegrated, so over the Jong-mun grow th rates are very
sim ilar. The heterogeneity In price behaviour is restricted to the short mun. There is
rather m ore heterogeneity in the sample s@atistics for the thonrcontegrated) GDP
series, w ith m ean annual grow th rates varying from 4 9% EastAnglia) o 72%  (the
South East). Appendix Table 2 shows that the Jong mn varations n r=gional GDP
grow th cormespond t© variatons In the stucture of GD P, the fastest grow Ing r=gion
having a substentally larger services sector than the rest of the country, and the
slow est having a substantially larger agricultural sector. Regions w ith a relatvely
large contribution from m anufacturing lie n betw een the extran es for the annual

grow th rate.
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Table 1:
NO YH
GDP growth
mean 5.2839 5.7627
s.d. 0.1106 0.1383
inflation
mean 4.2405 4.2268
s.d. 0.9353 0.9496
Table 2:
NO YH
GDP (£bn) 28.9 48.3
AGR&MIN 3.2% 1.1%
MAN 30.0% 26.5%
CON 5.9% 5.1%
SRV 60.9% 67.3%

Appendix Tables

NwW

6.0489
0.1042

4.2285
0.9471

Components of Regional GDP,

Nw
61.6
3.2%
25.7%
6.1%
65.0%

Descriptive Statistics

EM

.5670
0.1873

.3057
0.9385

EM
41.8
3.5%
29.4%
5.6%
61.5%

(%

WM

5.8407
0.1351

4.2564
0.9181

WM
53.2
2.4%
30.1%
5.2%
62.3%

per annum)

EA SE
4.8865 7.2487
0.2361 0.1719
4.1806 4.2500
0.9638 0.9237

1996
EA SE
22.9 229.1
5.6% 1.0%
21.9% 15.1%
5.8% 4.9%
66.7% 79.0%

AGR&MIN: proportion of value added from agriculture and mining

MAN: proportion of value added from manufacturing

CON: proportion of value added from construction

SRV: proportion of value added from services

Source:

Regional Trends
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.6784
0.2114

.2451
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49.1
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Figure 1B : G D P Persistence Profile for R egion-Specific Shocks (P, (y;) ): EastAnglia

2 an figures, the vertical axis m easures percentage changes in output (or prices) and the horizontal
axism easures years elapsed from the shock. See also footnote 11 onpage 15.
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Figure 4B : Price Persistence Profiles for A ggregate Shocks (P; (P) ) :Group B
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