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This paper sitempis to Investigate the causal relatlonship between wnges ond prices
In Greece, using quarterly dota for the perlod 1976:1 10 19%5:2. We employ nultivarinie
culntegrallon techniques in conjunctlon with varlance decompasttion snd Imputse
response analysts, The results provide evidence of a slgnilicnnt cansal effect running
from wages (o prices, thus supporlng the Past-Keynesians' "mnrk-up pricing” vlew,
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‘ 1. Introduction .

" There Is a widely held view that wage growth and Inflation are causally related. The
nhture of the rélatlonship between these two cconomle indlces has long heen the subject
“of theorctleal debates concerning the guestion of thelr refative exogenelty.

‘The maln lheorles that have been pat forwnrd and tested can be surmnarised as
beflow: 1) The expectaifans-augmented Phillips-curve theory supports the exlstence ol
& two-way causal relationship berween wnge growth and Inflation; 2) the orlginn
wage~type Phillips-curve model argues that it is Inftatlon that causes wages to Increase:
3) Post-Keynesians® “mark-up priclog” view supports that wapes couse [nflatlon; d)
Neoclassiclists consider that for a given level of productlvity laflation causes nominal
wage prowth o respond so 8s e preserve the real wage; 53 Monetarlsts deny he
existence of any causal refatlonship between wage growth and Infiatlon.

" ‘The Hterature concemning the empitical analysts of the relatlonship between wage
Inflatlon and gtice Inlatlon reports rather mixed Hudings, Thus, for exmmple, Mehia
(1977} and Fosu and Fluq (1988) suggest a bl--directlonal causality between wage growih
ahd Infintlon; DNarth and Peanett ¢1975) and Mchra (19913 find one wuy cousal cllevts
running fzom girfces to wages: Shannon and Wallace (1986) present evllence supporiing
unidirectional catisal elfects from wapes to prices, Lost, Gordon {1988) and Darrat {1974}
report lack of any causal relatlonship between the two varlables. For Greece, Psaradakls
(1991) ustng colntegratiot finds causal effecis ruantng from hoth Jirections.

tn this pnper, %e Investigate empiricatly the nature of the relationship between
wepes and prices It Greece, using quarterty data for the perled 1976:1 ta 1992:2, We
employ multlvarinte cointegration modelling In conjuncilon with varlance
decomposition and lmpulse response analysis. The results suggest the existence of 2
cavsal effect runniag from wage inflation Yo price Infinttoo, thus supporting the
Post-Keynesinn “mark-up pricing™ view, for the case of Greece.

The rest of this paper 1s organised as Inllows: Sectlan 2, discusses theoretleal and
methodulogleal Issses. In section 3, the emplrical results are reported and dlscussed,
Concluding remasks are glven I Section 4. The relevant Tables and Figures ol the study,
are presented In the Appendix,

2. Theoretlcal and Methodological Issues

2.1 Stallenarity

A common [act In the empleical analysis Ls that many mucrocconpmlic serles nre
characterlsed by nonsiatlonarities, implylng that the classical € and F-tests arc not
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nppropriate (Fuller, 1976), since they may lend to Invalld results, ‘Thus, ns It Is required

th stnndard cconomelrlc analysls, the serles under conslderation are examined, firsi, for

unlt raet nonstationarily enploylng the methods developed by Fuller (1976) and [Hekéy

and Fulter (1981).

Testing for a unit root In a time serles, requires the computation of eac of the three
OL.S regressions presenicid below,

¥ = ay(t-1) + u {1 {h

¥t = n* + aty(-1) + u0) 3 )

Y= +0T+ay(t-1+up( (h

I madel (1) the adjusted (-Statlstle Z(t,) Is used to test the null hypothesls of a unit

root, be, 1y e = | agalnst the statlnnary aliemative & < L I the equatlon ncludes o

constant (model 2), we cnleulate Ihe Z(t o) ond the Jolnt statistic Z{dz ) to test the mull

gt fa* %) =1L, {1 npainst the alternative (a*, p*) # (1, 0). Further, if the equation

Includes a constnat and a teend {maodel 3), Z4t,.) and the Joint statlstics Z07,) and 74y

- =

are wsed. In particatar, Z{iDy) tests the aull Ho: (n. 1N |1) = (L O whille 200} tests

the null Mgzl . 1 = (L.,

Thus, If we estatdish I(H propertles, we can proceed with testlng lor ealntegmition
smong the examined varfalles.

1n case where the varinhles are found 10 be statlonnry, the cstimntiun of a classleal
veclor autoregressive-{(VAR) system specliication Is the appropeiate methodolagy to
exnmlne the Informatlon content of the varlobles concerned.

2.2 Cointegration

The long-nn relatlnonship between a number of serlcs can e Tooked at from the
viewpoint of cointegration (Engle and Granger, 1987). Let x(1) be a vectar of
n-comnponeat time scrles ench Intezrated of order one. Then x(1) is sald to be
colmegrated CI(1, 0), I there exists & vector g such that .

s{(t) = @ x(1) )
Is M), Stationarity of s{t} hinplies that the n variables of x(1) do not drilt nway from pne
annther aver the ng-nm, obieylag thus an cquilibrlinn celatlnoship, 1 g exias, It will
nol be unique, unfess x(t) has only two elements. The Engle and Granger {1947)
sppeanch can dent whih the possibllity of only one lincar cambination of varinbles that
Is statlonory. Hecemt ndvances i calmegratlon theory (Johansen and Jusellus, 19%0)
have developed a maxlmum Hkellood (ML) testing proceduse on the number of
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colntegrating veclors which siso allows Inferences on parameter restrictions. The ML
method uses a vector nutoregressive (VAR) model

n-1 v
AxiD= E MAxQ@-) e Mgx{t-q}+u+vi} )]
Im I

where x(1} Is 2 n x | vector of vorlabtes, Hylsanxnmarlxolrokcsa,lianx!
vectar of constant terms and v(0) §s A n x 1 vector of residuals, The 1esting procedure
Involves the hypothesls I:oft", where a and [} are n x r motrices of leadings and
elgenveetars respectively, 1hal there are r colntegrating vectors i, ll',. wene By Whiich
provide r statlonary finesr combinatlons [}° x (t-q). The Hkellhnod ratio (LR) statlstic
for testing the above hypothesls.

T -
-2InQ=-T- X In(l—lr} ()
Imr+
Is & test that there are at most r colntegratlng vectors versus the general lternotive
(trace), where A corresponds 10 the n-r smaller elgenvalues, The n x 1 watrix of
colntegrating vectorns [ can be obtalned as the £, n-clement elgenvectors corresponding
to A;.
The LR test sistlsiic for testleg r agalnst r + 1 colnlegrating veciors Is given hy
—2I(Qrir + D ==T-In(1-X, , ) o
The above lests (6) and (7) are used {0 detenmine the sizniflcan! eigenvalies and the
corresponding number of cigenvectors.

2.3 Yarlance decomposition and Impulse response analysis

The next ttep of this study considers varlance decomposition anatysls, This

technlque tnvolves the translormatlon of the systemn Into lts moviag -average
representation and.then to obialn a vector of orthogonal lnnovatlons esitmated from
the data, Furthemmore, the analysis traces the dynamics of an fnnovetlon In any of the
Involved varlahles over time 1o account for the totel amount of systen varlatlon

- altribuinble to each Innovatlon.

More specifically, accarding to the Wold decomposition theorem, sny finlte Hneardy
regular covarlance statlonary process y(t), m x I, hns a moving average represeniation

y{t)= I Ds)u(t-s) (R)
=0

wlth Varfu()] = I,
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)
Even althowgh uge) s serlally uncorrelated by construction, the catponenis ol i)
may be contempurancausly correlated, so an orthogonallzing transionuation 10 uit) ls
done so that (8) can be rewrltten as!

yin= L H)P ' Pug-9)= T &s)wit-s) (M
iw0 sa}
where @{s) = {s) P-1, wit-w) = Pult-s) end Var{w()] = Yar[Puitj] = |
When P Is inken 10 be lower trlnngular matrlx, the coefficlems of ©(s) represent
“responses to shocks or Innovations™ In partlcular varlahles. We ¢nn also allocaee the
varlance of cnch element In y to sources In elements of w, slnce w Is serially and
contempurancously uneorreluted. The orthogenatization provides
LIRS
I O {sh. (1)
s=0
which is the companents of error varlance In the T + | step ahead forecast of y; which
Is aceounted for by Innovatlons In i
Finally, the study uscs npmlse response analysls to trace the observable responses
al the system o shocks [n the varlables Involved. This technlque provhdes hoth a
directional nnd quantitntive measure of the system’s response to each veriable,

3. Empirical Analysis

3.1 Unit-root stationarity and cointegration resulls

The empirical analysis employs quarterly data? for the consumer price index (CP),
the wope rate (WR), the nominal elfeciive exchange rate (5X), the volume Index of
productlon In Industry (YY), the productivity of [abour adjusted per hour of work (I'it)
nnd the bigh-powercd maney (1I1M3. All variobles nre expressed [n logs and cover the
perlod [rom 1976, 1st nuarter to 1993, 2nd qiarter.

Since colntegratlon cequires nonsiatlonary thine serles of the same order of
tntegrarion, we firstly tested for unli-roots in the employed serles using the augmented
Dickey-~Fuller (ADF) statlonarity tesi. The results are presented In Table 1 and suggest

{ ‘The representatlon (9) Is ablalned by decompostng Z-% as 2t = PO P,
2 Dain are collected from the Stmiaticat Nuletin of Pank of Greece (eardous {ssues) and OTCD:
Maln Economlic Indicalors (various lssues). Al emplrical analysits employs MICROFIT 86 and

RAYS vetslon 2.10 compuier packages,
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that all serles are nonstetionary In levels whereas they exhiblt statlonarity In
first-differences.

Having eslablished ihnt the variables concerned are a}f I(1), we tested for cominon
trends among Lhe tnvesilgated conomic serles, by menns of maxtmuln NkeSthund
rultivariate colntegestion technique developed by Juhsnsen (1988 and 1989). The frst
step requires the postulation of & VAR miadet to ohtaln the long-run relotionshlqs
amorg the examined scrles. The employed VAR sysiem Includes a dummy varinhle
{DUMP) 1o account for the oll crists effects and three sensonal dummies (.1!. $2,53). In
order lo specily the opitmel number of logged terms In the VAR, we adopled a strateey
based on Stms (1980) lkellhood ratlo (LR) test. Thus, we calcolated LR batues for Ing
lengihs varying from | to & the results Indicated that & J-lag VAR system was the
eppropriste specification, The examined Iag-structures were nlso clieeked for serlal
torrelatlon and heteroscedasticity. '

The next step ls to test for the existence of cointegratling veciors vsing LR tests
based on the MaxImal Elgenvalue and the Trace of the stochostic mateix T}, The results,
reported In Table 2, suggest the existence of three colntegrating vectars at the 95%
conlldenice level. Further examinntlon of the sgns and the graphs of the reshinals In
catijunctlon with DF unit rool tesis Indleated the refection of the Ilrst two colntegrating
veclors, )

Normalising the accepted third colnteprating vector on the price index, ylelds the
following cotntegrating equation '

CP{Y) = -2.092 + 0.396GWR{1} + 0.467THM(1) + 1.053Y()-0.27REX(-2ATIPR{)

11aving established the existence of Jalnt Integratlon propertlcs minong the
Investigsted ecotiomlc serfes we procced with exploring the dynamic features of the
varlables and the directtons of the detected causal relfatlonships among them by means
of varlence decompositton snd tmpulse response annlysls,

3.2 Variance decomposition and Impulse response analysis

Irv this section, lirst, we present the results derived from variance decomposition
snalysis. 1t should be noted that since the examined economic serles exhibit
colntegratlon propertles, varance decompositlan and Impulse response analysis use the
serles In Jevels (Lutkzpohl, 1991),

Table 3 presents the percentage of the varlance of the T-quarier shead Joreenst
error of the variables that Js attributable to each of the shocks for T = 1, 4, 8 and 20.
We repart only these four 1lme horlzons, slace according to Disnchard snd Waison
(1986), they could be Interpreted s the short-run (1 quarter ahead), the medlum-run (4
or 8 quaniers shead) and the long-run (20 quariers ahend). The reported results reler
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only 16 the prices cyuatlon oo the woges equatlon and sugpest that prices are explalned
Dy the course of wages, praductlvity and output. tn posticular, the effect ol the wage fle
on prtees heemnes slgniflcant at the Rl quarter belng capnble of explatning thecenfler
about 20% of the prices helmviour, Productivity conses signillcantly the prive tevel nfice
fhic 12th quarer, belng capable to explaln about 20% ol the vatlance of prices while at
the end of 1he 20th quarnter It captures the J0%. Last, the resulis concerning e mupn
vetlable show that It Is the most slgallicant determinant ol prices being cnpable 1o
explain o 20% of the vorfance at the 6th quorter, o JO% nt the 8th quarter and abioul
35% hy the end af the 20th quarier farecast horizon.

As It concerns the wage rare equation, according to the results I Table 3, the wages
behaviour was fount 1o be explained only by productivity and to a less degree Ly cutpuit, The
pirice Tevel explains only n 4% of the wage rsie variance during the whole forecast period.

Next, we present the results from the impulse response anslysls. Figures 1 and 2 plot
Impulse response functions-1he 1 to 20 quarter respanse of the price level o wage rate
shacks and of the wage tate 10 price Jevel shocks, The numerlent values calculated from
the dmpuise nnnlysis are reported [n Toble 4,

The overnll evidenee, emerglng from both varlance decompositon amd {foipulse
response analysts, 15 clearly In favour of the “mark--up pricing” view, thot {s, wage rate
grawth couses Inflation to increase.

4, Concludlng Remarks

This paper has investigmed the cousal refatlonship between wapes and prices n
Greece, using quarictly data for the perod 1976:1 to 1993:2. We emptayed multlvarinte
colntepration technlques th conjunction with vartance decomposition and fmpulse
response nualysis. The results provided evidence of a signiflcant cousal effect running
{rom wages Lo prices, thus supporting the Post-Keynesians® “nisrk-up pricing™ view.
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Appendix

Table §: Augmented Dickey=Fuller {AINF) Unil Root Tests

Vntinllck 1 evels First {°Herenves

{with 1renl) {wlth wwend)
r =1.264(2) =529
Wit <O —S.585(
UM D62 :U2) -T1.Y7IR(2}
X -L9Mx2) ~ARuE(2)

R =2.261¢2) ~14.5512)

- Y =2.71f(2) ~125110

Nales:

1 The ADF statistles were calculated with two [ngs (Indlcating in the parentheses) 1o
ensure that 1he restduals were “white nolse™,

11} The: cshicot value from Fuller (1976), lor the respective deprees ol {reedom and
the 5% level of slgnificance, 15 -3.477 for the trended case,

iy Cir, WR, HIM, EX, 'R, Y are logs of the consumer price Index, woge rate,
high-pawered maney, praductivity of |abour adjusted per honr and velurtie Index ol
production In ndustry, respectlvely, over the pertod 1976:1 10 19932,

Tafite 2: Johanten Maxlmum Likellhood Tesis Tor Cointegratlon

.05t of varlables dnchided fu the calntegratlng vector:

CF WR 1M EX PR Y Inteteept

List uf additlonal 10y variabies Included [n the VAR:

£1 52 $1 DUMP.

66 obtervailons [rom 1977Q1 1o 1993Q2, Maximum Tag In VAR = 3.

mrhbmAS kAR ARm A .

Calntepration LR Test Baxed on Maxlma! Elgenvatie of the Stochastle Mnistx.
Mull  Allernatdve  Stalstic  95% Crit. Value %% Cylt. Valoe

r=1[} r=1 81.5197 40.0010 312480
151 r=12 2%.1014 M40 ILGGSL
rs? r=} 22.4420 28.1380 255590
rsld rad 14551 22.0m0 19,7660
rsd r=5% 12,4347 15.6720 17520

rss r=h 4.2298 2.240 1.5250

............ Arm—Ad—Ab A mem .-
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Tahle 1 {continved}

Calntegratton LR Test Based on Trace of the Stochastic Mairlx

Null  Altemnatlve  Siatlstlc 95% Crit, Value  90% Crit, Value
r=0 [ 164.2827 102.139Q g1.178n
rgl rel 82,7610 76,10 1.8620
rs2 rz} 306619 51160 49.0180
rsl rzd A1.21%9 MM Ja.in
rsd rzs 16.006RS 19.9640 17.8520
r<s r=6 42298 92430 1.5250
Esitinated Colntegrated Veciors (Nnrmnllzed In Brackeis)
Yeoior | Yector 2 Vectur 3
ce -0.9733 ~0.2321 ~L2935
{1 4XXK)) {-~1.0000) (- 140005
WR 14079 1IN © 09120
{1.4462) (4.5124) (N.1968)
1M -0.090% -1.4845 1.0748
(-0.40315} (-8.1166} {NAGT6}
EX n4z0n -1.7685 -0.6402
[0.4324) {-7.6168} (-1.2785)
PR 04408 5.1262 -5.6984
{-0.4521) (22.9397) {-2.47M)
Y 21372 -6.7841 TA20%
(2.1954) (-29.2191) (10531
Intercept -9.5244 448193 ~4.8098
(-9.718 1) (192.0350) (~2.0026)

Tahle 3t Varlance Decomposiilans

Variance Decompotlilon of CP:
I'ercemiape of vardance of error due to Innavations in

Ccp WR 1M EX m Y
Forecnst hotizon

1 000G 0000 QM0 XN Ao DO
4 BLES3  3.608  LGIL 1952 1907 9204
L 0661 IROOS 2649 SAIL 1am 0n
1¢ B350 20389 1327 LIS 3555 3SR
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Varinnce Decampotition of WR:
rercentage af varlonce of crier due to lnnovatlons in

cr WR 1M X re Y
Forecnst horlzon
| DOBY 99.9¢h QXX oo XNy Dl
4 KBS 62456 RIM 40652 f6tR  RalNl
H AN 45326 9731 6337 w0 1LuR
20 4413 2006 6016 2LR99 44320 15082
T'uble 42 Tmpulsr [espoices To One Standdard Beviatlon Innavatlons i, {07y
Response of U1
(& wit HM EX 'R Y
Forecnst hutlron
1 DAND 00000 00X OH0R DX Q0N
L) 04206  0.222) -0.189) 0.138%  0.1R08 11399
[ DOIB1  0.6599 -0.1V15 01658 O8MBU 087A1
21 -0IB2 0714 02557 -0.005%  LOGY  DA6A2
Responic of Wi:
cp WR M EX R Y
foreeass horizon
H 0000 LIS O4XKN0 0000 OwXK)  (L(XxX)
4 -0,1826 1.0751 06151 06572 009 07845
R -0.2710 08792 06020 QARG LI 0.4
2 06460 0.8858 05000 -02177 15113 0914
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