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Abstract

The purpose of this paper isto shed light on some of the main unresolved issues
surrounding the determination of Irish inflation. The econometric methodology is
largely data-based and can be viewed astegting the long-run validity of i) a pure wage
mark-up model ii) a pure small open economy (SOE) model and iii) a hybrid model
which fuseselementsof i) and ii). The analyss coversthe period since Ireland joined
the exchange rate mechanism of the European Monetary System, i.e. 1979:Q1 to
1995:Q3. Multivariate cointegration techniques, together with a set of impulse
response functions, are employed in order to clearly digtinguish the long- and the
short-run information in the data. Our overall results highlight the empirical relevance
of the digtinction between traded and non-traded prices. In the case of traded prices,
full purchasing power parity (PPP) as along-run equilibrium relationship was found to
be cons gent with the data (with full pass-through taking about 3 to 4 years). Inthe
case of non-traded pricesthe data reject srict long-run PPP. Non-traded prices were,
however, shown to cointegrate with a combination of world traded prices and the
exchange rate. Aswould be expected, aggregate price results occupy an intermediate
position, with full PPP being almost acceptable. However, a sationary combination of
aggregate prices, world traded prices and the exchange rate is strongly accepted by the
data. Finally, the paper demondtratesthat strong bi-directional causality exids
between prices and wages.



1. Introduction

This paper attemptsto shed light on some of the main unresol ved issues surrounding
the determinants of Irish inflation. Central to the empirical approach adopted here, is
the congruction of a new datatset which permits separate analyss of the price
determination processesin the traded and non-traded sectors of the economy. This
approach is particularly associated with the Scandinavian model of inflation. The
econometric methodology islargely data-based and can be viewed astegting the long-
run validity of i) awage mark-up model ii) a pure price-taking small open economy
(SOE) model and iii) a hybrid model which fuseselement of i) and ii). Multivariate
cointegration techniques, aswell asimpulse reponse functions, are employed in order
to clearly diginguish the long- and the short-run information in the data. Overall, the
results underline the appropriateness of disaggregating in an empirical analyss of
inflation in an SOE. Although there is evidence that the hybrid model may be most
appropriate for both the traded and non-traded sectors of the economy, only in the
former sector isthe drict purchasing power parity relationship (PPP) acceptable. As
would be expected, aggregate prices occupy an intermediate podtion, with tentative
evidence emerging in favour of full PPP. The layout of the remainder of the paper isas
follows In Section 2, some of main underlying theoretical and empirical issuesare
discussed. Section 3 discusses the econometric methodology and presents results from
the estimation of traded, non-traded and aggregate wage-price-exchange rate sysems.

Finally, Section 4 summarises and concludes.

2. Underlying Theoretical I ssues

Economic theory offersa host of possble explanationsfor inflation. Closed economy
macroeconomics, for example, suggests both monetarist and also more traditional
Phillips curve explanations. Monetary theories sress the unique role of money asan
independent and ultimate cause of inflation. Phillips curve theory, on the other hand,
places an emphas s on variables which are thought to have a more proximate
relationship with inflation, e.g. the unemployment rate relative to its “natural” rate. In
addition, both schools emphasi se the role of price expectationsin the inflationary
process. Other, often cited, and related explanations of inflation include the role of
demand-pull and cogt-push factors, even though the usefulness of this diginction has

recently been questioned. Thereis, asyet, no generally accepted model of the



inflationary process, however. It isperhaps unsurprising, therefore, that when the
analyssisextended to the more interesting case of an open economy, even less
agreement is apparent in both the empirical and theoretical work. For an open
economy, the set of potentially relevant variables expands dramatically’. Inflation
dynamicsin an open economy are, of course, highly dependent on the type of exchange
rate regime pursued. This paper is concerned with the inflationary processin Ireland, a
classc example of a small open economy, where the exchange rate regime has

switched from a grict peg with sterling to the quas-fixed ERM system.

Theories of SOE Inflation

A particularly smple approach to modelling SOE inflation relies on the assumption of
purchasing power parity (PPP). Absolute PPP gatesthat the price of a basket of
goodsin one country (P;) will equal the price of the same basket of goodsin aforeign
country (P*) converted at the relevant nominal exchange rate (E;). When we allow for
a congant proportionate relationship between both sets of prices PPP can be written as
(expressed in logs)*:

P, = Congant + E; + P*

or, when all variables are differenced:

DP: = DE; + DP* (1)

While some disagreement gill exids, there iswidespread evidence in favour of PPP as
along-run hypothes s (see, for example, Froot and Rogoff, 1995, for arecent survey).
The implications of (1) for inflation analyssin an SOE depend crucially on what
happensto the exchange rate. The SOE model interprets (1) asa complete long-run
theory of domedtic inflation. In afixed exchange rate regime (DE; = 0), under the

assumption of smallness (i.e. price-taking behaviour), it follows from (1) that the

! Rowlatt (1992), for example, in a comprehensive empirical study of UK inflation devel ops a reduced
form equation which contains approximately 50 explanatory variables. See Rowlatt (1992) Chapter 7,
Table7.1.

2 Such a congtant differential between price levels may be caused by transactions costs, index
problems, etc.



domedtic rate of inflation will be determined abroad®. In this extreme case, inflation in
asmall open economy istaken aslargely given and outsde its control*. Under a
flexible exchange rate regime, however, (1) fallsfar short of a complete long-run
theory of inflation®. 1f PPP holds and the nominal exchange rate is depreciating over
time, it impliesthat domestic factors are contributing to SOE inflation in the long run®.
In contragt to the fixed exchange rate case, thiswould imply that the analys's of many
of the factors mentioned above (e.g. excessve wage pressure, excess ve money

creation) would also warrant cond deration.

The above PPP approach to modelling inflation for SOES, while generally accepted as
along-run propostion, ishighly aggregate, and ignores potentially interesting
differencesin price determination behaviour in the sheltered and exposed sectors of a
SOE. A more refined view of inflation has been put forward by the Scandinavian
school”. This perspective emphasi ses separate price determination channels for both
sectors of the economy. Under a fixed exchange rate, traded inflation is assumed to
conform with the implications of PPP under the assumptions of smallness, i.e. itis
taken asgiven. Non-traded prices, however, are expressed as a mark-up over wage
costs adjusted for productivity. Under the assumptions of wage equalisation across

sectors and higher productivity in the traded sector than el sewhere, it can be shown

% If the nominal exchange rate is fixed, and PPP holds, then under the assumption of price-taking
behaviour (smallness), it is plausible to assume that causation runsfrom P’ to P rather than vice
versa. In this case, domegtic influences over inflation are trangtory, at most.

* The international monetary approach to inflation, which is particularly associated with, for example,
Johnson (1972a, 1972b), also relies on the assumption of PPP. It reserves a special independent role
for money in the inflationary process, however. In this paper we leave asde the thorny issue of the
direction of causation between money and inflation, and instead take foreign prices as given.

® A complete theory of inflation would, for example, have to examine the factors determining nominal
exchange rate movements.

® Such a situation could be caused either by domestic inflationary policies or external deflationary
policies which have not been followed at home. As such the information provided by the nominal
exchange rate under such circumstancesis of domestic inflation policiesrelative to those prevailing
abroad, rather than on absolute inflation performance. Examination of the nominal exchange rate
over the 1979-1995 period suggeststhat in the early 1980s, given the depreciating nominal exchange
rate, domegtic factors were adding significantly to external inflationary pressures. By contrast, since
the mid-1980s the relative gahility of the exchange rate indicates that domegtic factorsdid not add to
external inflation pressures.

" See, for instance, Edgren, Faxen and Odhner (1973), Aukrust (1977) and Lindbeck (1979) for early
exampl es of this approach and Mellis (1993), De Gregorio, Giovannini and Wolf (1994) for more
recent usage of the traded/non-traded price determination breakdown.




that a permanent wedge can be driven between SOE inflation and the rate of inflation
persisting abroad despite the exchange rate being fixed®.

Sudies of inflation in Ireland

Mog sudiesof Irishinflation have directly reflected the long-run implications of the
SOE model discussed above. The literature can, however, be divided into two digtinct
phases, that research dealing with inflation prior to joining the European Monetary
Sysem (EMS) in 1979, when we were firmly pegged to sterling, and that subsequent
to our entry. Inthe earlier period, there was a widespread acceptance that Irish
inflation was externally determined in the UK, and that the authorities had no
independent control over it. InaPhillipscurve analyss, Geary (19764) findsthat the
UK retail price index directly influenced Irish inflation in the pre-ERM period and he
finds little support for the view that Irish inflation is determined by domegtic excess
demand. In an earlier paper, Geary and Jones (1975) report asmilar finding. With the
general acceptance of the SOE model, the main disagreement centred upon the speed
of adjusment to world inflation. Geary (1976b) found that it took at least eight
guartersfor UK inflation to be transmitted to the Irish economy. These long lag
structures were, however, subsequently refuted in Bradley (1977) who found almost
no “attenuation” in the transmisson of the long-term and annual components of the
UK RPI into the Irish CPI. Later evidence supporting the assumptions of the SOE
model in this period was provided in Browne (1982, 1983), who found support for the
SOE price-taking hypothesisfor Irish exporters and importers. Browne (1984) also
presents results which validate the SOE model in that he cannot reject the hypothesis
that UK monetary policy, operating through both the current and capital account, hasa

long-run one-for-one effect on the Irish rate of inflation.

The decison to break the link with gerling in 1979 and peg the Irish pound directly to
the DM created an environment in which the Irish rate of inflation could deviate from

that of the countriesto which it wastied®. The new regime was, for example, far short

8 See the treatment in Lindbeck (1979) for a complete devel opment of the Scandinavian model of SOE
inflation, where the analysisis also extended to allow for temporary demand effects.

° We have already seen how Irish inflation, in a fixed exchange rate regime, could deviate from that of
its partner countriesin the presence of productivity differentials. The new regime, with its quasi-fixed
exchange rates, allowed even greater divergencesto occur.



of a complete monetary union. The exchange rate, while effectively pegged to the DM
within a narrow band, was no longer rigidly fixed. Thus, there was alwaysthe
possibility of adjusting the parities within the sysem and economic agents would take
thisinto account in formulating their price expectations. Furthermore, snce the UK
gayed outsde the ERM up until October 1990, the Irish pound began to float vis-avis
the economy with which it conducted a large proportion of itstrade. Ireland could, for
example, avoid “importing” UK inflation by allowing the Irish pound/sterling exchange
rate to appreciate’. In this new exchange rate environment, a much greater potential
exiged for domedtic factorsto strongly influence the Irish rate of inflation, even in the
long run. Browne (1984) found that changesin domestic monetary policy had an
enduring effect on Irish inflation in the pos-EM S period. O’ Connell and Frain (1989)
also attribute a s gnificant role to domestic excess money creation in explaining Irish
inflation between 1977 and 1985. While Callan and Fitzgerald (1989) find wagesto be
inggnificant in the long-run determination of Irish inflation, Fountas, Lally and Wu

(1995) find evidence in favour of arole for them.

Asregards external factors, Browne (1984) found little evidence of a srong role for
German money stock in the determination of Irish inflation. Browne's analysswas,
however, redricted in itsuse of an admittedly small data set. More recent sudies,
such as Callan and FitzGerald (1989) have found greater evidence of along-run role
for German prices. In contrast, however, Leddin and Hodnett (1995), employing
consumer price seriesover the 1960-1994 period, find no evidence to support
cointegration between Irish and German prices. Finally, some recent papers have
fuelled controversy regarding the role of the exchange rate in the determination of Irish
prices. The SOE model impliesthat - from a postion of equilibrium - any changein
the exchange rate will feed through one-for-one into domestic inflation™. The model
therefore implies that no long-run competitive gain can be reaped from a deval uation.
Flynn (1986), and Honohan and Flynn (1986) provide evidence in favour of this
proposition, usng data from the 1970sand 1980s. In contrast to the above studies, a

19 Thisis exactly what happened in the late 1980s, when the UK experienced a sharp rise in inflation.
1 If a country’ sreal exchange rate is overvalued relative to equilibrium, a deval uation may merely
result in equilibrium being achieved. Devaluation under such circumstances may, therefore, merely
validate past inflation pressures rather than result in new ones. Nevertheless, under such
circumstances, it is easy to envisage an inflation spiral taking hold.



subsequent analysis by O’ Connell and Frain (1989) finds that only half of the change in
the exchange rate is passed through to domestic prices.

Overall, asthe above review makes clear, there now exiss consderably |ess agreement
on the causes of Irish inflation than was the case prior to joining the EM S,
Accordingly, it isthe aim of this paper to provide answers to some of the unresolved
issues which have arisen, i.e. whether Irish inflation has been primarily influenced by
internal or external factors, the role of the exchange rate and the importance of wages
in the inflation process. In order to do this, we disaggregate pricesinto their traded
and non-traded components, along the lines of the Scandinavian model and examine
whether separate price determination processesexist. Following on from this, we

proceed to uncover the main causes of aggregate Irish inflation.

3. Econometrics

The econometric approach which appears to be most suited to the types of questions
posed above isthe so-caled “Johansen procedure”. Thisprocedure isa multivariate
estimation technique™ which attempts to uncover long-run stationary relationship(s)
among sets of non-gationary data. The approach also allowsthe user to investigate
the speed of adjustment to these long-run equilibria, along with any short-run
relationships which may exist. A good guide to the Johansen procedure iscontained in
Hansen and Juselius (1995), where the maximum likelihood estimation technique is
briefly explained. Johansen (1988, 1991) and Johansen and Juselius (1990) give a
more elaborate description of the estimation technique. Excellent accounts of the
intuition behind the Johansen approach to estimation are contained in Hamilton (1994)
and Harris (1995).

Introduction to the Johansen procedure
If z.isap x 1 vector of sochagtic variables, misa congant term and Dy is a vector of

nonstochastic variables, such astrend variables, seasona or intervention dummies, then

12 The multivariate approach, with its allowance for the potential endogeneity of all the variables of
interest, eliminates the single-equation bias which would be problematic for many previous sudiesin
this area.



the Johansen procedure begins by setting out a model in error-correction form™ as

follows, where D isthe difference operator:

Dz, =GDz.1 + ... + G1Dzigs1 + Pzi+m+Y D+, t=1,...,T. (2)

where:

& ~ Niid, (0, S) 3)

and where k isthe lag length. If the data are integrated of order one, hereafter (1),
then the matrix P hasto be of reduced rank, r **:

P = ab®, (4)

wherea and b are p x r matricesand r < p. Under thisformulation, therefore, b,
represents the linear combinations of non-gationary variables which are gationary and
a isthe matrix of adjustment coefficients. In order to properly interpret the reduced
form model, however, it is necessary to impose certain restrictions on the data which

are derived from economic theory.

Discussion of the appropriate data set

To proceed with the cointegration analyss we need to define the appropriate
information set (Z;). At aminimum, the chosen vector must be able to shed some
light on the key questions concerning the role of wages, the exchange rate and foreign
pricesin the inflation process. In addition, a central objective of this paper isto
provide an assessment of the relevance of the traded/non-traded distinction from the
point of view of inflation analyssin a SOE. When choosng which variablesto
include, it isinevitable that we confront a trade-off between the benefits of model

13 This allows us to distinguish between stationarity due to linear combinations from stationarity due
to differencing. It isalso an important representation in that it allows usto test a variety of interesting
economic hypotheses.

41f P was of full rank, thiswould imply that all variableswere I(0). If P has zero rank the term
Pz, drops out of the equation and the variablesin quegtion are not cointegrated. If 0 <rank of P <



pars mony and the potential costs of misspecification due to certain variables being
excluded®™. Inlight of this consideration, we suggest a five variable vector which
includes a measure of the domegtic price level (P), a measure of world traded prices
(P*), the exchange rate (E), domestic wage costs (W) and a time trend proxy for
productivity effects (t):

Z. = {P,P,EW,t} (5)

Aswe shall see, the econometric analyss of thisvector can be loosely viewed as
testing the long-run validity of i) a wage mark-up model, ii) a pure SOE model or iii) a
hybrid model which fuses elementsof i) and ii)*°. A brief explanation of the reasons
for allowing for the possbility of atime trend in the cointegration space iswarranted.
On the bas's of economic priors we believed that there should possibly be two long-run
cointegrating rel ationships among the data covered. The first posshility isthat of
some type of purchasing power parity relationship between domestic prices, foreign
prices and the exchange rate. The second isthat of along-run equilibrium relationship
between wages and prices. It would, however, be necessary to allow for long run
productivity effectsin thislatter relationship. Asaresult atime trend wasincluded to

proxy for its effect .

The measure of world traded prices employed in this sudy isaweighted average of

the UK and German wholesale price indices. Such a proxy reflectsthe traditional trade

P, thereisat least one cointegrating vector. In the absence of 1(0) variables, the rank of P equalsthe
number of stable long-run relati onships which exist among the data.

!> An obvious example of such a trade-off isthe choice of whether or not to include money stock
variables (foreign and domestic) in Z;. While we would concur with the idea that foreign monetary
aggregates may be highly relevant from the point of view of a SOE, the investigation of alternative
international monetary transmission mechanismsisleft asde. In thispaper, the impact of foreign
money is, therefore, assumed to be tranamitted via the foreign price variable P*.

16 Callan and Fitzgerald (1989), in a two-step Engle-Granger analysis, consider a similar information
set for Irish traded prices. Like us, they propose the vector as a general specification which combines
price mark-up elements with long-run purchas ng-power-parity. However, Callan and Fitzgerald did
not include atime trend to account for the potential impact of productivity. Another significant
difference isour use of the Johansen procedure which allowsfor the possibility of up to p-1
cointegrating relationships among the p variables contained in Z;. In contrast, the Engle and Granger
approach allows for the possbility of only a single cointegrating relation among the variables.



linkswhich exis between Ireland and both the UK and Germany. Wholesale pricesare
chosen snce both the German CPI and the UK RPI are likely to contain sizeable non-
traded elements. Asin previous sudies, e.g. O’ Connell and Frain (1989), the nominal
effective exchange rate is employed as the relevant exchange rate measure. An index
of average weekly earnings in manufacturing is employed as a proxy for economy-wide
earnings. Since this proxy for the possible impact of Irish wageson Irish pricesis not
adjusted for productivity it jugtifies the inclusion of the time trend"’. The question of
which domestic price measures to employ also needsto be addressed. Givenits
traditional importance - and central policy sgnificance - a consumer price based
measure would seem the most obvious. Accordingly, we choose an underlying
measure of aggregate domestic prices which nets out the effects of changesin the
mortgage interest sub-index. However, a primary objective of this paper isalso to
asessthelikely relevance of the digtinction between traded and non-traded prices. It
therefore seems appropriate to analyse separately the determinants of traded and non-
traded prices as a precursor to the analys's of aggregate consumer prices.
Consequently, an underlying measure of domestic consumer prices has been broken
down into its respective traded and non-traded components and each component is
analysed independently’®. Thus, we begin with an analysis of domestic traded prices,

and analyse the long-run structure of the vector Z;* below, i.e.

z" = {P,P*EW,t} (6)

where P" isthe traded component of the underlying consumer price series. A priori,
we might expect a very robust long-run relationship to exist between domestic traded
prices, the exchange rate and foreign prices. The Scandinavian model suggests, for
example, that in the long run traded prices are determined solely by world traded prices
and the exchange rate in a purchas ng power parity relationship. In contragt, as
implied by the Scandinavian model, the impact of foreign variables on non-traded

" For a variety of reasons, the alternative productivity-adjusted measure of wage costs, unit |abour
cogts, was not employed.
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pricesmay be lessrobust. Infact, in the case of non-traded prices, a wage mark-up
model may be more appropriate. In order to assessthese possibilities, we also examine

the vector Z,® below for non-traded price determination:

z® = {P", P E Wt} (7)

where P is the non-traded component of the underlying consumer price series. Lastly,
the determinants of aggregate prices are analysed and assessed in the light of the
resultsfor itstraded and non-traded components. We conclude, therefore, with the

analyssof Z,© below:

ZE ={P P, EW,t} (8)

A priori, one might expect the long-run structure of aggregate pricesto fall

somewhere between that of itstraded and non-traded components™.

Results

In our testing procedure, we first confirmed that each of the series under congderation
isI(1), thus according with our economic priors. Both the Dickey-Fuller/Augmented
Dickey-Fuller and Phillips-Perron tests were used. When deciding upon the
appropriate lag length to include in each VAR, the minimum number of lagswhichis
compatible with well-behaved resdual s was chosen. Thiswas done on the bas s of
multivariate Lagrange Multiplier (LM)-type testsfor first- and fourth-order
autocorrelation and a normality test based on a multivariate verson of the univariate

Shenton-Bowman test - see Hansen and Juselius (1995) for details. The results of

18 The construction of price indices for both traded and non-traded sectorsisdescribed in full in the
Data Appendix, as are the sources of the other variables described above.
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these teds are not reported to conserve space; details can, however, be found in
Kenny and McGettigan (1996). The number of lags chosen for each combinationis
presented below in Table 1.

The impogition of the appropriate rank of the P matrix is one of the most important
geps of the Johansen analyss. It iscritical because all the subsequent results are
conditional on the choice made. If the inferred rank istoo small it islikely that true
long-run hypotheseswill be rejected in error. On the other hand, if the rank istoo
large, false long-run hypotheses are likely to be accepted too often. Hansen and
Jusalius (1995) discuss a number of methods of choosing the cointegration rank, three
of which we employ. Firg of all, there are the widely used maximum eigenvalue (I max)
and trace tegt gatigtics, the results of which are reported below in Table 1. Secondly,
graphical analyss of the estimated cointegration relations can help asessthe gability
of the hypothes sed relationships over time. Finally, the roots of the companion matrix
are examined to see how close the largest roots are to the unit circle. Inorder to
conserve space, the latter two techniques are not reported upon in the paper. These

teds, however, largely served to confirm our choice of rank in each case.

As can be seen from the table, there isvery little ambiguity concerning the choice of
model rank. Ineach case, our a priori expectation of arank of two is strongly
supported. The only minor exception to thisisfor Combination 3, where the Trace
test narrowly accepts the hypothess of rank 1 using the 90% critical values. The |l
test does, however, reject this hypothes's, also usng 90% critical values.

Tablel: | max and Trace Tests

Combination ~ | Eigenvalue | | max 90% 95% Trace 90% 95% Ho=r
C.V. C.V. C.V. C.V.

0.5187 42.41** | 19.88 315 83.79** 58.96 63.0 0
1.P, W, E Pt | 0.3366 23.80* 16.13 255 41.38* 39.08 42.4 1
(5Lags 0.1678 10.65 12.39 19.0 17.58 22.95 253 2

19 The cointegration analysisis applied to each of the vectors (6), (7) and (8) over the sample period
1979:Q1 to 1995:Q3.
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0.1125 6.92 10.56 12.3 6.92 10.56 12.3 3
0.6791 69.33** | 19.88 315 119.37** | 58.96 63.0 0
2.PY, W, E, Pt | 0.4096 32.14** | 16.13 255 50.03** 39.08 42.4 1
(2 Lags) 0.1754 11.76 12.39 190 17.89 22.95 253 2
0.0956 6.13 10.56 12.3 6.13 10.56 12.3 3
0.5040 40.67** | 19.88 315 77.19%* 58.96 63.0 0
3.P,W,E P*t | 0.2892 19.80* 16.13 255 36.52 39.08 42.4 1
(5Lagy) 0.1536 9.68 12.39 19.0 16.72 22.95 253 2
0.1144 7.05 10.56 12.3 7.05 10.56 12.3 3

*  H, rejected at the 10% level
** H,rejected at the 5% level

Long-run identification

Although at thisstage it ispossble to arrive at estimates of the two Sationary b
cointegrating vectors after impos ng the chosen rank of 2, such vectors are not
necessarily meaningful or interesting. The reason for thisisthat any linear combination
of the gationary vectorsisalso a sationary vector. Thisis, of course, the classc
identification problem, which must be overcome if we are to reach meaningful
conclusons. Johansen and Juselius (1992, 1994) provide a thorough description of the
identification issue. The firg stage in the procedure isto ensure that the model is
generically identified from along-run perspective. In essence, generic identification of
the long-run structure entail s impos ng restrictions on the space occupied by b such
that each cointegrating relation isunique. For a unique identification, it isnecessary to
impose at least p(p-1) redtrictions on the short-run structural form parameters. The
long-run parameters are the same in both the reduced and structural forms, however,

implying that long-run identification can precede short-run identification.

Johansen and Juselius (1994) develop arank condition which must be satisfied in order
for amodel to be generically identified, making use of a set of R; and H; matrices
associated with the long-run structural hypotheses. R; are defined as p x ki matrices of
full rank, and H; = R« are defined asp x 5 (where ki + s = p) matrices, such that H; are
of full rank and satisfy R¢H; = 0. There are, accordingly, k restrictionsand s
parameters to be estimated for each ith relationship. Each of the cointegrating
relationsis assumed to satisfy the restrictions R¢b; = 0, or, equivalently, b; = Hjj ; for
each relation, where j ; are each of the form of a s vector. Inour case the b matrix isa

5x 2 matrix,andb =(H;j 1, Hz2j »). Thegeneralised rank conditionsare set out in
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Theorem 1 of Johansen and Juselius (1994) (p. 15). For our purposes, given that we

have accepted arank of 2, the rank conditions are asfollows.
I =rank(R'Hj)3 Litj. (9

The generic rank conditions were tested for the various hypothes s combinations and

the results are presented in table 2 below. Such hypotheses gart off in row A with the

Table 2: Verification of therank condition of generic identification in the long-
run structure

Hypothesis Rank Rank Satisfaction of
(R&H,) | (REH) | generic
identification
A Hypl | P, E, P* sationary; W,t=0 2 2 @)
Hyp2 | W, P, t gationary; E, P* =0
B Hyp1l | P, E, P* gationary; W,t=0 2 3 o]
Hyp2 | W=P,tdationary; E, P =0
C Hypl | P=-qE+ qP* dationary; W, t=0 2 1 O
Hyp2 | W, P, t gationary; E, P* =0
D Hypl | P=-qE+ qP* gationary; W, t =0 2 2 O
Hyp2 | W=P,tdationary; E, P =0
E Hyp1l | P=-E + P* gationary; W, t=0 3 1 o]
Hyp2 | W, P, t gationary; E, P* =0
F Hypl | P=-E+P* dationary; W,t=0 2 1 o)
Hyp2 | W=P, tdationary; E, P* =0

relatively weak conditionsthat (1) some combination of P, E and P* be sationary and
(2) some combination of W,P and t be stationary. They proceed to the strongest set of
regrictionsin row F which hypothesses (1) full PPP and (2) wages equalling prices
plus some trend growth to account for productivity changes. From the table, it isclear
that, for all the hypothes's combinations outlined, the generic rank conditions are
stidfied.

The results of the long-run hypothes stests, which were shown to be generically
identifying in the previoustable, are contained in Tables 3(a) to 3(c) below and make
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for some very interesting reading. AsJohansen and Juselius (1992, 1994) argue, the
types of hypotheses tested for below give rise to alikelihood ratio test that is
asymptotically distributed asc?®. These tests can be used to check for non-rejection of
the regtrictionsimposed. In Table 3(a), there isevidence of a long-run purchasing
power parity relationship between domestic traded prices, the exchange rate and the
measure of world traded prices’. Thisrelationship is condstent with the SOE model
of domegtic traded price determination. For non-traded prices (Table 3(b)), the rict
verson of purchasng power parity was completely rejected. Insead, a weaker
dationary relationship was identified with correctly signed and economically
meaningful coefficients™. The results for aggregate prices, perhaps not surprisingly,
fall somewhere in between those for itstraded and non-traded components. The srict
verson of PPP isamog acceptable (P-value = 0.04) and a sationary relationship with
the exchange rate and the foreign price level with sengble coefficients was a o
identified with a high probability value. In addition, the cointegration analyss has
uncovered atrend sationary real wage. Thisisso whether the real wage is measured
in terms of its purchasing power over traded or aggregate consumer prices™.
Furthermore, it can be remarked that the long-run coefficients reported in the right

hand columns of each Table are correctly sgned and are, for the most part, very

% A negative sign on the exchange rate, E, is hypothesised in each of the PPP relationships because
the way in which E ismeasured means that an increase in its value is associated with an appreciation.
2 Froot and Rogoff (1995) have commented on the fact that PPP coefficients obtained from the
variousinternational studiesthey surveyed varied enormoudy and were often implausble.

22 |t isimportant to note that the stationary relationship between PN, W and t cannot be interpreted as
areal wage measured in terms of its purchasing power over non-traded prices. Thisis due to the fact
that there is not a coefficient of unity on the level of non-traded prices and, hence, the nominal wage
isnot deflated by the full increase in non-traded prices.
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Table 3(a): Traded Prices.Long-run hypothesistest results= (P', W, E, P*, 1)

Test Hypotheses Test Results Significance | Egtimated long-run
relationship

la Hypl | P, E, P* c?(2)=0.87 *x P'=-0.405E + 0.921 P*
Hyp2 | W, P\t P-Value = 0.65 W =1.203 P + 0.004 t

2a Hypl | P, E P* ¢ 2(3)=1.40 *x P" =-0.490 E + 0.969 P*
Hyp2 |W=P +at P-value=0.71 W =P'+0.005t

3a Hypl | P =-qE+qP* | c?(3)=6.59 * P’ =-0.638 E + 0.638 P*
Hyp2 | W, P\t P-value = 0.09 W =1.170 P + 0.006 t

4a Hypl | P =-qE+qP* | c?(4)=6.76 *x P’ =-0.753 E + 0.753 P*
Hyp2 |W=P +at P-value=0.15 W =P' +0.006 t

5a Hypl | P =-E+P* c?(4)=9.21 * P =-E+P*
Hyp2 | W, Pt P-value = 0.06 W =0.885P" +0.005 t

6a Hypl | P =-E+P* c?(5) =958 * P =-E+P*
Hyp2 |W=P +at P-value = 0.09 W =P'+0.005t

*x Joint hypothes s acceptable with a probability value above 0.10

* Joint hypothes s acceptable with a probability value above 0.05

t Joint hypothes s acceptable with a probability value above 0.01

Table 3(b): Non-traded prices, Long-run hypothesistest results: (P", W, E, P*, t) |

Test Hypothesis Test Results | Significance | Estimated long-run
relationship
1b Hypl | P E P* c?(2) =052 | ** P'=-0.308 E + 1.242 P*
Hyp2 | Ww,P"t P-Value=0.77 W =0.518 P" + 0.006 t
2b Hypl | P E P* c?(3)=17.27 Not Applicable
Hyp2 |W=P'+at P-Vaue = 0.00 Not Applicable
3b Hypl | P’=-qE+qP* | c?(3)=16.73 Not Applicable
Hyp2 | Ww,P"t P-Value = 0.00 Not Applicable
4b Hypl | PM=-qE+qP* | c?(4)=2868 Not Applicable
Hyp2 |W=P'+at P-Vaue = 0.00 Not Applicable
5b Hypl | PY=-E+P* c 2(4) = 21.67 Not Applicable
Hyp2 | Ww,P"t P-Value = 0.00 Not Applicable
6b Hypl | P'=-E+P* ¢ 2(5) =30.52 Not Applicable
Hyp2 |W=P'+at P-Vaue = 0.00 Not Applicable
*x Joint hypothes s acceptable with a probability value above 0.10
* Joint hypothes s acceptable with a probability value above 0.05
T Joint hypothesi s acceptable with a probability value above 0.01

16




Table 3(c): Overall prices:.Long-run hypothesistest results= (P, W, E, P*, 1)

Test Hypothesis Test Results | Significanc | Estimated long-run
e relationship

1c Hypl | P, E P* c2() =177 |** P =-0.357E + 1.080P*
Hyp2 [ W,P,t P-Value=0.41 W =1.352P + 0.001 t

2c Hypl | P, E, P* c?(3) =254 |** P =-0.432E + 1.113P*
Hyp2 |W=P+at P-Value = 0.47 W =P +0.003t

3c Hypl |P=-qE+qP* c?(3) =640 |* P = -1.506E + 1.506P*
Hyp2 | W, Pt P-Value = 0.09 W = 0.390P + 0.007 t

4c Hypl | P=-qE+qP* c?(4)=1082 |1t P = -0.760E + 0.760P*
Hyp2 |W=P+at P-Value=0.03 W =P +0.006 t

5¢ Hypl |P=-E+P* c?(@)=1185 |t P=-E+P*
Hyp2 [ W,P,t P-Value =0.02 W =0.928P + 0.005 t

6¢c Hypl | P=-E+P* c?(5)=1190 |t P=-E+P*
Hyp2 |W=P+at P-Value=0.04 W =P+0.005t

*x Joint hypothes s acceptable with a probability value above 0.10

* Joint hypothes s acceptable with a probability value above 0.05

t Joint hypothes s acceptable with a probability value above 0.01

sengble. Given the short sample period consdered, it is, perhaps, surprisng that any
support was found for PPP using our dataset. Nevertheless, there has been afair
degree of backing for PPP in previous Irish sudies, in spite of this shortcoming.
Leddin (1988) isaone in unambiguoudy rejecting PPP. Thom (1989), Callan and
Fitzgerald (1989) Wright (1993, 1994) and Leddin and Hodnett (1995) all lend varying

degrees of support to the proposition.

As has been argued above, the analyssin this paper can be largely viewed astesing
the validity of i) a pure wage mark-up model ii) a pure SOE model or iii) a hybrid
model fusing elementsof i) and ii). At thisstage, it isimperative to point out that,
despite the interesting nature of the cointegration results given above, the cons stency
(or otherwise) of the data with either of these models of price determination requires
some knowl edge of how each of the variables reacts given a disturbance which pushes
the sysem away from equilibrium. For example, if it wasfound that the PPP
relationship was enough to determine the adjustment of each of the variablesin the
system then thiswould congtitute evidence in support of the pure SOE model. Onthe
other hand, if the real wage relationship wasall that was needed to explain the
adjustment of the system back into equilibrium, then thiswould be suggestive of a
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grong role for wages in accord with the wage mark-up model. Ladly, if both long-run
rel ationships s multaneoudy explain the adjustment of the syssem following a
disturbance from equilibrium, then thiswould congitute evidence in favour of a hybrid

model. It isto an analyssof these important dynamic issuesthat we now turn.

Short-run Dynamics

Johansen and Juselius (1994) highlight the problems associated with drawing
conclusions about economic structure from the estimated reduced form. In particular,
they point to the overparameterisation of the VAR sructure. Asaresult, several of
the parameters, including the highly relevant parameters in the adjustment matrix (a),
may be inefficiently estimated. Furthermore, a structural economic model would have
to identify any possble smultaneous effects between the variables of the sysem. This
isof particular importance in the context of wage-price dynamics which many
economists believe to be determined smultaneoudy. The short-run identification
approach used here loosely follows that of Johansen and Juselius (1994). To move to
amore pars monious model we re-estimate each sysem of equations using the
resricted (identified) cointegrating vectors uncovered in the previous section. In all
cases, we condition on the world traded price variable®®. Thisallows us estimate a
three equation system for wages, prices and the exchange rate conditional on the long-
run structures identified in the previous section®. Standard conditional inference
techniques are employed in reducing the parameterisation of the model: variablesare
dropped from the sysem if they are not sgnificant and if their removal does not

generate undesirable propertiesin the residual s (autocorrel ation problems etc.)®.

Traded Prices

% The system was estimated conditional on foreign traded prices, P*, given that endogenising such a
variable on domegtic factorswould not be sengible. Only if a variable has been found to be weakly
exogenousisone grictly justified in conditioning on it in formulating a structural economic model.
The fact that P* was not in general found to be weakly exogenous points toward the exclusion of a
potentially relevant variable, e.g. foreign money, from our system. The invegtigation of arole for
foreign money is, however, left for future research.

24 Aswill be seen shortly, we condition on both foreign prices and the exchange rate in the non-traded
price syssem. The reason for doing thisisthe implaus ble parameters obtained in the exchange rate
equation in this syssem. Our analysis of non-traded pricesis, accordingly, incomplete aswill be
explained in more detail below.

% The estimation and system reduction is carried out using full information maximum likelihood
egimation in the PcFiml package. See Doornik and Hendry (1994).
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Table 4 below reports parameter val ues for the short-run conditional wage/traded
price/exchange rate sysem. Also reported in the table are diagnostic satistics for
resdual autocorrelation and normality®®. The equations are estimated conditional on
the long-run PPP relationship (ECM*) and also the trend stationary real wage (ECM?).
Several features of the table warrant commentary. Firgly, in the equation for traded
prices, the adjustment coefficient to the long-run PPP relation (ECM?) implies
ggnificant adjustment at approximately 9.7% per quarter. Since thisisthe grict
verson of PPP, it implies complete long-run pass-through from any change in the
exchange rate or world traded pricesinto domestic traded prices. If all of the
adjustment back to equilibrium is effected through traded prices themselves, this
implies a half life of deviations away from PPP of approximately 6.8 quarters”. It is
also interesting to note that the cointegrating real wage relation enters sgnificantly into
the equation for traded priceswith a positive sgn’®. The positive coefficient
impliesthat any increase in real wages greater than that which iswarranted by
productivity growth feeds through to traded price inflation. Thisfinding suggests that
there isalong-run role for wages in determining prices even in the traded sector.
Accordingly, the results are not cons stent with the predictions of the Scandinavian

model for traded price inflation in which unidirectional causation, running from prices

% See Doornik and Hendry (1994), Chapter 10, for a description of these test statistics and for further
references.

2" Aswill be made clear below, both wages and the exchange rate also adjust to restore the system to
its PPP equilibrium. This hasthe potential to speed up the adjustment process following, for example,
a shock to the exchange rate. Exactly how fast the system adjusts back to equilibrium following a
shock to either wages, prices or the exchange rate is examined in the impul se response analysis bel ow.
%8 | the equilibrium real wage was normalised on traded prices the adjustment coefficient would, of
course, be negative indicating that traded prices adjust downward if they are above their equilibrium
level.
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Table 4. Conditional Wage-Price-Exchange Rate System: Traded Prices

Con. DP".5 DW, DW,.3 DW, .4 DE4 DP* ., DP* .., ECM*.
DP', 0475 0376 - - - 0.110 0.777 -0.487 -0.09;
(4.16)  (4.13) (1.86) (3.49) (-2.35) (-3.89
Con. DW,4 DE; DE.4 - ECM*.
Dw, 0838 - -0.310 - - -0.191 0.268 - - -0.18¢
(7.31) (-2.92) (-2.15) (3.76) (-7.39
Con. DP".4 DW, DW,.3 DW, 4 DE, DP* .., DP* 3 DP* 4 ECM*.
DE, 1.29 -0.520 -0.732  -0.331 -0.394 0.526 1.029 -1.821 0.991 -0.28¢
(452) (-3.39) (-258) (-2.92) (2.95) (4.77) (2.99) (-4.70) (2.78) (-4.61
ECMX [P + E - P*] Vector AR(1 - 4) :

ECMZ% [W-P'-0.005t]

Vector Normality:

N.B. Centered seasonal dummiesare included in each of the equations of the above system. Coefficient estimates are not reported in order to conserve space.
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to wagesisposted®. The results are more consistent with a“hybrid model” where,
although there is complete PPP, wages can gill influence the domedtic rate of traded
price inflation because the exchange rate is no longer fixed’. Thisevidence on the
hybrid model impliesthat outcomesin both the goods and foreign exchange markets
(captured by the ECM*term ) aswell asin the labour market (captured by ECM?)
together determine the inflation rate for traded pricesin an SOE. Recently,
Dennig(1995) has argued that the assumption that only a single error correction term
entersthe equation for a particular variable istoo redrictive snce it impliesthat any
market disequilibrium affects only one market directly. The above findings on the
hybrid model can be viewed as providing evidence in support of the contention that

several disequilibria can affect the inflation rate directly.

Turning next to the wage equation in Table 4, the adjustment of nominal wagesto the
grict PPP relation, at 18.4% per quarter, is even more rapid than the adjustment of
traded prices. Thisfinding suggeststhat an overvalued real exchange rate hasa
deflationary impact on Irish wages it could, for example result in higher
unemployment which would exert downward pressure on wages. The negative co -
efficient on ECM? in the wage equation implies that if wages happen to exceed their
warranted long-run equilibrium with traded pricesthey will also adjust downwards.
The important role of both ECMss highlights the long-run endogeneity of wageswith
respect to both foreign (P*) and domestic (E, PT) variables. Accordingly, thisfinding
condtitutes a strong rejection of the hypothess that wages could ever be viewed asa
long-run exogenous cost-push factor. It isinteresting to ask what type of wage -
bargai ning behaviour isimplied by these findings. The significance of ECMin the
wage equation suggests that wage negotiators, in staking their wage claims, take into

account any changesin the level of domestic traded prices and productivity. However,

2 A finding that traded prices were weakly exogenous with respect to wages, i.e. that ECM ? did not
enter ggnificantly into the equation for traded prices, would be more consg stent with both the
Scadinavian model or the smple SOE view of traded price determination. These observations are,
however, subject to the qualification that the ECM?_; in Table 4 isnot a“true” equilibrium real wage,
sinceit isexpressed only in terms of its purchasing power over traded prices.

% Some readers may view the finding that both ECM's erter the equation for traded price inflation to
be contradictory. However, the positive effect of wages on pricesis cond sent with the observed PPP
equilibrium given the persistent changes in the nominal exchange rate which have taken place over
the sample period.
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given Ireland’s SOE gatus, it isalso not surprisng that the overall “competitiveness’
of the economy, as measured by the real exchange rate term (ECM"Y) also affectsthe

outcome of wage negotiations.

The coefficients on the ECMsin the exchange rate equation also accord well with
economic intuition. Asmight be expected in a small open economy, the purchasing
power parity equilibrium appearsto explain alarge part of the movement in the
nominal effective exchange rate. Deviationsfrom the PPP equilibrium are closed via
reasonably swift adjustment of the exchange rate. The estimated coeffigent on the
ECM* term of - 0.288 implies (assuming only the exchange rate is adjusting) a half life
of deviationsfrom PPP of just over 2 quarters. Compared with the dower adjustment
of traded pricesthemselves (half life of 6.7 quarters noted above), this condtitutes
empirical evidence in support of the sandard assumption in economicsthat asset
market adjustment is significantly quicker than goods market adjustment. Turning
lastly to the coefficient on the equilibrium real wage (ECM), consistent with previous
evidence on the “hybrid model”, excess ve wage pressure has a negative (depreciating)
effect on the exchange rate. Given the sysematic nature of the relationships among
each of the endogenous variablesin the system, such excessve wage growth will in

turn be reflected in arise in domedtic traded prices.

Economic theory haslessto say concerning the coefficients on the short-run variables
in each equation. In the traded price equation, however, the postive sgn on the
coefficient for DP'..5 ispossbly indicative of some short-run persistence in traded
priceinflation. Alternatively, it could be proxying for inflation expectationsin a
manner cond stent with an adaptive expectations/distributed |ag specification.
Furthermore, it can be seen that the net short -run effect of a change in foreign pricesis
postive. The postive sgn on the coefficient for DE;.,ismore difficult to interpret but
isnot quite sgnificant at the 5% level (it is, nevertheless, retained in the sysem to
preserve well-behaved resduals). Finally, none of the lags of wages are satitically
ggnificant. In contrad, in the exchange rate equation there is a srong negative impact

of lagged changesin wages. The short-run coefficientsin the wage equation are not,
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however, readily interpretable. Any further interpretation of these short run
coefficientsis|eft up to the reader®.

The dynamic interactions among prices, wages and the exchange rate in the above
system can be more clearly seen by making use of a st of impulse response
functions®. The responses of each of these three variables to various shocks are
reported in FiguresA.1to A.3 of Appendix A. Firdly, it should be noted that in the
case of all three setsof smulationsthe long run relationshipsimplied by the ECM’s,
i.e. an equilibrium real wage and a PPP relationship, are preserved after the sysem has
adjusted to the shocks. It can also be seen that, cons stent with the non-gationarity in
the data, shocksto the variables have permanent effeds. Figure 1A demonstrates that
prices and wages are permanently affected by roughly half of the sze of the original
shock. Following a shock to prices (Figure A1), it takes roughly four years for wages
to move back into equilibrium. In contragt, the exchange rate initially overshoots but
subsequently returnsto its warranted long -run level (implied by the PPP equilibrium
condition) after about 12 quarters. In the case of a wage shock (Figure A.2), it can be
seen how it also takes roughly four yearsfor pricesto move back into line with wages,
although in this case the exchange rate takes the same amount of time to reach its
equilibrium PPP level. In contrag to the case of a shock to prices, the sysem takesa
lot longer to settle and the shock to wages ends up being amplified somewhat over
time™. Finally, when the exchange rate is shocked (Figure A.3), pricesand wages
move fairly quickly into line with one another, but take a consderable length of time to
settle at their new “equilibrium” levels. In addition, in this case, close to full PPP
equilibrium isrestored after about 16 quarters.

Non-Traded Prices

% The exchange rate overshooting literature, originating with Dornbusch (1976), relies on the
assumption that exchange rate and asset markets adjust relatively quicker than goods markets.

%2t is perhaps important to point out that the long -run behaviour of the system, e.g. the long-run
response of pricesto the exchange rate, is completely independent of these short run coefficients.

% We reparameterise the VECM presented in Table 4 in levelsin order to perform the impulse
response analysis. The results given above assume that the ordering of the variablesfor the purposes
of the Choleski decomposition of the resdualsisasfollows. traded prices, wages and the exchange
rate.

% Thisfinding is consistent with the possibility of a wageprice spiral being initiated by a shock to
wages.
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Table 5 below reports parameter values and estimated t-gatistics for a short-run
conditional wage and non-traded price sysem. We have conditioned upon the
exchange rate as the sign of the trend stationary real wage term (ECM?) was positive
in the exchange rate equation, indead of being negative as expected. Since the
coefficient on P' isnot unity, however, this relationship cannot be readily interpreted
asareal wage measured in terms of its purchasing power over non -traded prices and
this may be respongble for such an unusual result. The two equation sysemis
estimated conditional on the two long-run vectorsthat could be identified for non
traded prices (See Table 3(b)). Thefirst of these (ECM?) describes a stationary
relationship between the level of nontraded prices, the level of world traded prices and
the nominal effective exchange rate. Thisisa sgnificantly weaker relabnship than the
grict verson of PPP identified in the analyss of traded prices. The second relevant
long-run structure (ECM ) has already been described above®.

Both the non-traded price and wage equations appear reasonably intuitive. The
significance of ECM" in the equation for non-traded pricesimplies a strong long-run
effect of both the exchange rate and world traded prices on non-traded prices.
Adjustment to this equilibrium takes place at approximately 23% per quarter, implying
a half life of ceviationsfrom equilibrium of 2.7 quarters. It should be remembered,
however, that thisisaweaker relationship than the strict verson of PPP identified for
traded prices. Accordingly, in contrast to the equation for traded prices, the esimated
equation for non-traded prices does not provide empirical evidence of complete 100%
pass-through from any change in the exchange rate and/or world traded prices. In
addition, the wage-non-traded price cointegrating relation enters sgnificantly into the

equation for non-traded prices with a pogtive sgn.

3 When the data series were originally examined, there appeared to be marked seasonality in the nor
traded price series. Thismay be partly regponsble for the fact that only the weakest joint hypotheses
were found to be acceptable in Table 3(b) for the non-traded price sysem. The possbility of seasonal
cointegration was left asde in this paper.
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Table 5. Short-run Conditional Wage-Price System: Non-Traded Prices

Con. DPV, DE DE,. ECMY, ECM?,
pv. -0393 0189 -0.112 0.089 -0.228 0.246
(-411) (227) (-2.66) (2.24) (-8.80) (4.60)
Con. DPY.; DWyy DE,., ECMY, ECM?,
DW, 0716  -0.466 -0.379 -0.159 _ -0.362
(8.77)  (-3.07) (-3.84) (-2.21) (-8.63)
ECMY: [ P' + 0.308E - 1.242 P* ] Vector AR(1 - 4) : F(16, 80) = 0.9686[0.4974]
ECMZ% [ W -0.518 P' - 0.006 t ] Vector Normality: ¢?(4) = 10.691[0.030]

The wage equation in Table 5 is comparable with the equivalent equation from Table
4%, However, in thisinstance, the second error correction term dominatesin terms of
explanatory power. Surprisingly, the stationary equilibrium between P', P* and E can
be deleted from the wage equation®”. Adjustment to the real wage relation takes place
at avery rapid pace of about 36% per quarter. In other words, movements of the real
wage away from itswarranted long-run val ue, whether arisng from wage or price

movements, will give rise to the appropriate nominal wage adjustment.

Asexplained above for traded prices, theory haslessto say concerning the coefficients
on the short -run variablesin each equation. It can be observed that short-run wage
effects are not sgnificant in the price equation and, consequently, they can be excluded
from the equation for DP" without generating residual autocorrelation®. The other
short-run parameters in the equation for DP" are signed in a manner congstent with
economic priors. anet postive impact from the lagged dependent variable (sgnifying
persgstence in non-traded inflation), and a net negative impact from current and lagged

% The dependent variable is, for example, the same in each case. The equations differ insofar asin
Table 5 lagged changesin non-traded prices (as opposed to traded) are employed as explanatory
variables. Aswe have aready described, the ECMsal o differ significantly.

3" When ECM',; isincluded in the wage equation, it iswrongly signed and insignificant, with at
gatigtic of 0.227.

% There is some evidence of non-normal residualsin the conditional system, however. Taken together
with the previous observation that the coefficient on ECM? in the exchange rate equation produced
nonseng cal results, this suggests alarge degree of misspecification (e.g. missing variables) in the
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changesin the EER. Perhapsnot surprisngly in the case of non-traded prices short-
run movementsin world traded prices are not sgnificant. Asregardsthe wage
equation, the coefficients on the lagged short-run variables are not - apart from the

ggnificant negative impact of the lagged exchange rate- intuitively interpretable.

Impul se response analysis (not reported), was performed using a three equation system
(i.e. including an exchange rate equation) and, subsequently, for the two equation
system given above®. In the case of the three equation system, a positive shock to
wages gives the implausible result that the exchange rate ends up appreciating and
prices and wages end up being lower than their initial preshock valued This strange
outcome isdriven by the positive sign on the ECM? in the exchange rate equation,
which impliesthat excessve wage pressure leads to exchange rate appreciation. For
the two equation sysem, shocks to both non -traded prices and wages die out over
time. Thismakes sense, given that conditioning on the exchange rate for the purposes
of impulse response analyssis equivalent to assuming that the authorities are pursuing
a non-accomodating fixed exchange rate monetary policy. Since foreign pricesare
also assumed to be fixed, domestic price variables gradually revet to their pre-shock
levels, given the need to adhere to a type of PPP relationship in the long rurf’.

Aggregate Prices

The identification of a wage price-exchange rate sysem for the underlying CPI series
is perhaps of mogt interest from a policy viewpoint. Table 6 below reports parameter
values and t-gatigtics from a wage-price-exchange rate sysem conditional on the long-
run relationsidentified under test 6¢ of Table 3(c). These are equivalent to a) a
stationary real exchange rate (ECM") with unitary coefficients on E and P* and b) a
trend stationary real wage (ECM?). The PPP relationship implied in ECM was not
grictly acceptable at the normal levels of sgnificance (i.e. it had apvalue of 0.04). It
was, however, found to be highly sgnificant in all three equations when estimated as

vector for non-traded prices. Accordingly, further econometric analyss of the determinants of non
traded pricesis certainly warranted.

% These regponse functions are available from the authors upon request.

“0 Although the so-called PPP equilibrium relationship in the nortraded sector does not conform with
the requirements of unity on the exchange rate and foreign price variables, in the impul se response
functionsit servesthe purpose of anchoring the domestic price level to the foreign price level in the
absence of changes to the exchange rate.
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part of the parsmonious (PVAR) system, thereby providing indirect evidence of its
validity asalongrun cointegrating relationship. The system was, therefore, estimated
conditional on the full PPP ECM, rather than the weaker forms of PPP relationships
uncovered in the previous section. The real wage relation also has a more specific
interpretation in thisingance. Arguably, it isonly in this case that the ECM term can
be consdered a representative measure of the real wage. Thisisbecause hereitis
measured in terms of its purchasing power over an index of the cost of living (i.e.

aggregate consumer prices)*",

In line with the preceding resultsfor traded prices, there appears to be strong evidence
of bi-directional feedback between wagesand prices. In the equation for aggregate
consumer price inflation, aswould be expected, the estimated coefficient on the
equilibrium PPP relationship is smaller than in the equivalent traded price equation. It
is, nonetheless, highly significant and implies a half life of deviationsfrom PPP of over
ten quarters (assuming that only pricesthemselves adjust). The adjustment coefficient
to the ECM? term describes the strength of direct feedback from wagesto pricesat an
aggregate level. Further evidence in favour of the argument that the direction of
causation between wages and pricesis bi-directional is provided by the significance of
the gationary PPP relationship in the equation for DW. Thisimplies, for example, that
an overvalued real exchange rate will have a deflationary impact on wages, with
adjustment of wages estimated to take place at approximately 10.8% per quarter -

somewhat dower than for traded prices. Somewhat surprisngly, however,

“! The real wage measure contained in the traded price system can, however, be consdered asa
reasonabl e approximation to a representative real wage, given itsweighting of over 70 per cent. of the
CPI.
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Table 6: Conditional Wage-Price-Exchange Rate System: Aggregate Prices

Con. DP.  DPs DE..  DP*. ECM
Dp, 0341 -0241 0337 0078 0571 -0.06
(334 (252 (372 (-168)  (3.56) (-3.0¢
Con. DP, DWy DE..4 DP*., ECM
Dw, 0512 0564  -0.307 0.303 0552 010
(362 (441 (302 (4.79) (263 (35
Con. DP, DW.; DW.  DE. DE..4 DP*.,  DP*;  DP*s ECM
DE, 0922 0679 -0468 -0530 0544  -0249 0634 -1.85 1445 919

(358) (-372) (-296) (-341) (5.02)  (-2.35) (1.73) (-4.73) (3.74) (-3.5¢

ECML [P+ E-P*] Vector AR(L - 4): F(36,9

ECMZ% [W - P-0.005t] Vector Normality:  c2(i

N.B. Centered seasonal dummiesare included in each of the equations of the above system. Coefficient estimates are not reported in order to conserve space.
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wages do not adjust directly to the trend stationary real wage relationship, given tha
the ECM? term in the wage equation was found to be statigtically inggnificant. The

real wage ECM? also falls out of the exchange rate equation, although the PPP
relationship is, once again, highly sgnificant, with the expected negative sgn (implying
that an overvalued real exchange rate leadsto a weakening of the nominal exchange
rate).

The short-run coefficientsin the aggregate price equation appear to be correctly sgned
and accord with economic intuition: thereisanet postive impact of laggel changesin
prices, a net negative impact of a change in the EER and a sgnificant net postive
impact of lagged changesin world traded prices. Similarly, the shortrun coefficients
in the exchange rate equation all make sense implying perssence in the exchange rate,
and a negative relationship with respect to domestic price and wage pressures and a
net positive effect with respect to foreign price developments. Only the price variable

enters the wage equation with the expected sign, however.

Finally, the results from the impul se response analysi s from the aggregate price sysem
are broadly smilar to that of the traded price sysem. However, the response to a price
shock (Figures A.4) showsthat full adjustment is somewhat dower taking roughly 5
yearsin the case of adjustment to PPP and almost 6 yearsfor the real wage equilibrium
to be reached. Similarly, in response to a wage shock, the system evolves such that an
initial shock to wagesisamplified within the sysem and, once again, adjusment &kes
longer than isthe case for traded prices. Lastly, the exchange rate shock generates
amilar impul se responsesto that in the traded price sysem. Overall, asbefore, the
system responds so that in the long run the real wage and PPP equilibria are

mai ntai ned.

4. Summary and Conclusions

This paper has attempted to model the price determination processin a small open
economy using multivariate cointegration analyss and impul se response functions.
The data-based modelling approach which was employed could be |oosely viewed as
testing the long-run validity of i) a pure wage mark-up model, ii) a pure pricetaking
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small open economy model or iii) ahybrid model which fuseselementsof i) and ii).
The analys's, which coversthe period 1979:Q1- 1995Q3, has served to clarify
important issuesin regard to the validity of a distinction between traded and nor
traded prices, the determinants of aggregate consumer price inflation and also the role
of wages and the exchange rate in the inflation process. It is hoped, therefore, that the
paper servesto add to current understanding of the Irish inflationary process which, it

isclaimed, has been atopic of congderable controversy since the break with serling.

Central to the empirical approach adopted in this sudy was the cons deration of
potentially separate price determination processes for the traded and non-traded
sectors. In the case of traded prices, the srongest form of the PPP rel ationship was
shown to be consstent with the data. The estimated adjustment coefficients, together
with the associated impul se response functions, demondtrated that full pass-through
from a change in the nominal exchange rate to domestic traded prices (and wages)
takesroughly 3 or 4 years. By contrad, in the case of non-traded prices, the data
grongly reject the srict long-run purchasing power parity paradigm. Nonetheless,
non-traded prices were shown to cointegrate with both world traded prices and the
exchange rate. Thisequilibrium was shown to be highly sgnificant in an equation for
non-traded inflation, thus confirming the strong role played by both the exchange rate
and foreign prices even in the nonttraded sector. The overall results for the non-traded
sector are, however, far from satisfactory, given the poor behaviour of the exchange
rate equation and the non-normal residualsin the sysem. Perhaps the augmentation of
the non-traded price sysem with some additional domestic variablesisaworthwhile
avenue for future research. Aswould be expected, the resultsfor aggregate pricesfall
somewhere between those for itstraded and non-traded components. A stationary
combination of the domestic consumer prices, world traded prices and the nominal
exchange rate was strongly accepted by the data, while the grict verson of PPP was
only tentatively accepted. Adjustment of aggregate pricesto shocksin the exchange

rate is, as expected, somewhat dower than isthe case for traded prices.

Taken together, the results highlight the need to distinguish between traded and non-
traded sectorsin the analyss of inflation in a small open economy. Statigtically

ggnificant differenceswhich exist between traded and nontraded price determination
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are log when inflation isanalysed only in terms of the aggregate consumer price index.
Finally, the paper demonstrated that strong bi-directional causality exiss between
prices and wagesfor all three sets of prices examined. Hence, talk of wage pressure as

being an exogenous source of Irishinflation is misplaced.
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Appendix A: Impulse Response Functions

Figure A.1: Responsesto Price Shock - Traded Price System

0.0120
)
0.0080 4 N\ \/\
\“x _
0.0040 - \//A/
0.0000
-0.0040 -
-0.0080 N
-0.0120 -
-0.0160 rrrrrrrrrrorrrrorrrrrrrr T T T T T T T T T T T T T T T T T T
1 5 9 13 17 21 25 29 33 37
——  RESPPP RESPEP
—  RESPWP

RESPPP: Response of traded pricesto a traded price shock
RESPWP: Response of wages to a traded price shock
RESPEP: Response of the exchange rate to a traded price shock

35



Figure A2: Responses to Wage Shock - Traded Price System

0.020

0.015

0.010

0.005

0.000

-0.005

-0.010

-0.015

-0.020

1

4

7 10 13 16 19 22 25 28 31 34 37 40
RESPPW RESPEW
RESPWW

RESPPW: Response of traded prices to a wage shock
RESPVWW: Response of wages to a wage shock
RESPEW: Response of the exchange rate to a wage shock

36




Figure A3: Responses to Exchange Rate Shock - Traded Price System
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Figure A.4. Responsesto Price Shock - Aggregate Price System
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Figure A5: Responses to Wage Shock - Aggregate Price System
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Figure A6: Responsesto Exchange Rate Shock - Aggregate Price System
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Data Appendix

Aggregate Prices: Underlying Consumer Price Index, i.e. headline CPI net of the
impact of the mortgage interest component. The relevant weights, the headline CPI
and the Mortgage Interest component were obtained from the CSO.

Traded Prices. See Construction of Disaggregated Price I ndices below.
Non-Traded Prices. See Construction of Disaggregate Price I ndices bel ow.

World Traded Prices. Computed as the weighted average of the UK and German
Wholesale Prices. Source: IFS databank. In aggregating the two series, the UK WPI
received a weight equivalent to the share of the UK in Irish trade and the German WPI
received a weight equal to one minusthe UK share. The share of the UK in Irish trade
was obtained from the CSO trade satistics.

Exchange Rate: The nominal Effective Exchange Rak Index. Note that the way in
which the exchange rate is measured meansthat anincreasein itsvalue is associated
with an appreciation. Source: Central Bank of Ireland.

Wages: Index of average weekly earningsin Manufacturing Industries. Source:CSO.

Construction of Disaggregated Price Indices

The data series employed in the congtruction of the traded/non-traded price series were
obtained from the CSO. The decomposition of aggregate prices reflects economic
intuition concerning certain goods (e.g. highly perishable commodities and some
“public goods’) which may fall into the nontraded category. Equally, it takes account
of some itemswhich are classfied under Services but which could reasonably be
deemed to be traded (e.g. Expenditure Abroad). The series were built up from
individual subindicesof the CPI. The classfication of these sulzindicesin terms of
the traded and non-traded categoriesisoutlined in the Table below. The Table also
providesthe relevant weights for traded and non-traded sectors based on their shares
in the underlying consumer price series. In the actual aggregation of individual sub
indicesinto traded and nonttraded components, the weights were allowed to vary
according to the changes introduced by the CSO in 1975, 1982 and 1989. For
example, the weight attributed to the non-traded sector rose steadily over the sample
period from 27.8% in 1975 to 29.6% in 1982 and to 33.6% in 1989. In part, this
reflects the growing weight attached to non-traded services and nor+

traded trangportation goods and services. To avoid the problem of compounding a
base effect with a sgnificant change in the weight, the individual sulindiceswere
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broken down into the three sub-periods, i.e. 1975:0Q4 - 1982:Q4, 1982:Q4- 1989:Q4
and 1989:Q4 - 1995:Q3. Each series was then rebased to equal 100 at the beginning of
each sub-period and the appropriate weights were applied to each series. Whole
sample traded and non-traded price series could then be calculated by linking the
weighted seriesfor each sub-period. Lastly, the resulting traded and nontraded price
indices were then rebased to equal 100 in 1989 Q4.

Disaggregated Price Series Weight(%)
1975 1982 1989
Non-Traded Prices
- Non-Traded Food (Bread, Fresh Milk, Eggs, MealsOut) 7.9 6.8 7.9
- Fuel and Light 6.0 6.3 6.1
- Housing net of Local Authority Charges, Mortgage
Interest, Repairs and Decorations 17 15 2.2

- Non-Traded Transport (Motor Tax and Regigtration,
Motor Insurance, Repairs and Maintenance, Other

Vehicle Cogts, Bus Fares, Train Fares, Other Travel) 4.0 4.7 4.7
- Servicesnet of the Expenditure Abroad 8.1 10.3 12.7
27.8% 29.6% 33.6%
Traded Prices
- Food net of Bread, Fresh Milk, Eggs, Meals Out 23.1 18.8 18.8
- Alcoholic Drink 11.7 12.6 12.2
- Tobacco 4.5 35 35
- Clothing and Footwear 11.0 8.3 7.0
- Repairs and Decorations 20 1.7 15
- Household Durables 49 5.2 49
- Other Goods 5.3 5.8 6.1
- Traded Trangport(Motor Cycles, Motor Cars, Other
Vehicles, Motor Fuel, Motor Qil, Spare Parts) 9.5 12.4 9.6
- Expenditure Abroad 0.03 2.00 3.0
72.2% 70.4% 66.4%
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